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

general relativity, and that this incompatibility arises at a very basic algebraic

level. I propose a new interpretation of quantum mechanics that overcomes this
algebraic obstruction. This interpretation leads to a straightforward derivation

of most of the standard model of particle physics by a simple application of

the general principle of relativity to the basic principles of quantum mechanics.
This derivation not only explains why the gauge groups are only approximate

symmetry groups, but also permits calculation of all the unexplained param-
eters of the standard model.

1. Introduction

In the 1930s, the algebraic structure of the vacuum looked like this:

SL(2,C)
↓

SO(3, 1)◦ → SL(4,R)(1)

The group SO(3, 1)◦ is the symmetry group of the vacuum in 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 General Relativity (1915), the
metric is no longer invariant, but is associated to a particular subset of observers,
and the group of symmetries extends to all linear maps, but we may restrict to
determinant 1, that is the group SL(4,R). In Quantum Mechanics, the strange
properties of the electron forced Dirac (1928) to move to SL(2,C), which is a
double cover of SO(3, 1)◦. To unify QM with GR, therefore, it would seem to be
necessary to extend from SL(2,C) to a double cover of SL(4,R). But no such
double cover exists. Hence QM is incompatible with GR.

Einstein, inspired by the success of geometry in GR, tried in vain to use geome-
try to get around this difficulty. Later generations have mostly done the same, and
failed repeatedly. The reason for this failure is clear: the problem is not geomet-
rical, it is algebraic. If we cannot solve the algebraic problem, then no amount of
geometrical twisting will ever overcome the fundamental algebraic contradiction.

General Relativity is a very successful theory, based on the embedding of SO(3, 1)◦

in SL(4,R), and physicists will never be prepared to give that up. Likewise, Quan-
tum Mechanics, based on the group SL(2,C) which describes the fundamental
concept of ‘spin’, is also a very successful theory, and forms the core of the Stan-
dard Model of Particle Physics. Physicists will never be prepared to give up the
group SL(2,C) and its representation theory, that underlies this theory.
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2. A proposal

The only other thing that is left in the picture, that could possibly form the basis
for negotiation, is the quotient map from SL(2,C) to SO(3, 1)◦. This quotient map
does not really form part of the theory of Quantum Mechanics: it forms part of
the interpretation of Quantum Mechanics. As is well-known, the interpretation of
quantum mechanics is fraught with difficulties, and even today there is not universal
agreement about the interpretation of even the most basic concepts. If there is ever
to be a unification of QM with GR, then we must give up the interpretation of
SL(2,C)/{±1} as the (restricted) Lorentz group.

This is the only possible way to resolve the fundamental algebraic contradiction.
There is no choice: it is this, or nothing. If, and only if, we are prepared to make this
sacrifice, then we can hope to unify QM with GR by embedding both SL(2,C) and
SO(3, 1)◦ in SL(4,R), and using the representation theory of SL(4,R) to describe
the fundamental concepts of physics.

3. The representation theory underlying GR

Let V denote 4-dimensional real spacetime, that is the natural module for
SL(4,R), and let V ′ denote its dual. The rank 2 tensors on V 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 both are self-dual representations we have an equiv-
alence of representations Λ2(V ′) ∼= Λ2(V ), which is the representation-theoretic
content of Maxwell’s equations; and S2(V ′) ∼= S2(V ), which is the content of the
Einstein field equations. The interpretation of GR in terms of curvature of space-
time is expressed by the Riemann Curvature Tensor, which in representation theory
terms is the rank 4 tensor S2,2(V ) of dimension 20.

On restriction to SO(3, 1)◦, we find that Λ2(V ) becomes a 3-dimensional complex
representation, representing both the electromagnetic field, and its quantization in
terms of photons. Similarly, S2(V ) restricts as real irreducibles of dimensions 1+9:
the scalar here is the Minkowski metric on spacetime. Finally, S2,2(V ) restricts as
1+9+5C, in which the 5-dimensional complex representation is known as the spin 2
representation, and is the basis on which a spin 2 graviton is hypothesized. The fact
that no spin 2 gravitons have ever been observed is a problem for quantum theories
of gravity, but here merely confirms our decision to divorce SL(2,C) from SO(3, 1)◦:
the spin 2 representation of SO(3, 1)◦ then does not necessarily correspond to the
spin 2 representation of SL(2,C).

4. The representation theory underlying QM

This is harder to describe, partly because the Standard Model does not use
SL(4,R), but only SL(2,C). On restriction to SL(2,C), the module V becomes a
Majorana spinor. I shall therefore use the notation M , rather than V , so that we
can leave on one side for the moment the hypothesized identification of M with V .
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
is both W ⊕W ∗ and M ⊗R C.
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Now the rank 2 tensors restrict as follows:

Λ2(M) 7→ 1 + 1 + 4
S2(M) 7→ 4 + 3C(2)

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
structure of the Clifford algebra on X, that is

Cl(X) = 1 +X + Λ2(X) + Λ3(X) + Λ4(X)(3)

with pieces of real dimensions 1 + 4 + 6 + 4 + 1. This Clifford algebra is the basis
on which the Feynman calculus is built. But it must be borne in mind that the
Clifford algebra structure is invariant only under SL(2,C), not under the whole
of SL(4,R). In the Standard Model, X is identified with spacetime and/or its
dual, but this interpretation is incompatible with General Relativity, so should be
avoided if possible.

5. The gauge groups

The other ingredients of the Feynman calculus 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)(4)

of dimensions 4 + 2× 20 + 20 = 64. Here Λ3(M) has the structure of a Majorana
or Weyl spinor, and can plausibly model neutrinos. 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 ∗)).(5)

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)(6)

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.

6. The Dirac equation

The equation

M ⊗ Λ2(M) = Λ3(M)⊕ S2,1(M)(7)

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 ∗))(8)
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and a further projection onto W ⊕W ∗ by projecting out the last component. We
can now restrict this projection to

W ⊗X → W ⊕W ∗.(9)

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 ∗.(10)

7. The interpretation of SL(2,C)

We have been forced to re-interpret SL(2,C) as a subgroup of SL(4,R), rather
than as the double cover of the (restricted) Lorentz group. Therefore we have been
forced to impose the structure of a complex 2-space onto spacetime. For a particular
observer, with a particular time coordinate, this picks out a preferred 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, 1)◦ inside SL(4,R)
cannot be any bigger than the subgroup of diagonal matrices in SL(2,C), that is
GL(1,C), closely related to SO(2)×SO(1, 1) inside SO(3, 1). The rest of SL(2,C)
therefore describes transformations from an inertial frame to a non-inertial frame
of reference, and contains two complex, or four real, parameters that describe the
essential physical properties of such a non-inertial frame of reference.

8. 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 parameters 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.
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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.

9. Calculation of mass values

The Dirac equation explains 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 does the
same thing for fundamental bosons. While some mass ratios may indeed be inde-
pendent of 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 first test of the model, however, is whether it can 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.
The obvious conjectures

mn/mp = 1 + 1/2Y
me/mp = sin η/2Y(11)

are accurate to .001% and .02% respectively.
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.(12)

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.
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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(13)

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.

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◦(14)

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

10. 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
certainly plausible that the sum of the three masses might be less dependent on
local parameters. 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)(15)

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(16)

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.

11. The baryon octet and decuplet

I have explained how massive 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 representation 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.(17)

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.

12. 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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But 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 ,(18)

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(19)

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. The middle 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 first equation is just a guess. These equations
give the following values in MeV/c2:

mc = 1272± 5
mb = 4190± 5
mt = 174620(20)

13. 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 momen-
tum 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. There simply are not enough degrees of freedom in SL(4,R) to be able
to do both independently.

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.
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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’.

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.

14. 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, 1) 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 Riemann
Curvature Tensor S2,2(V ) to SL(2,C). The easiest way to do this is to observe
that

S2(Λ2(V )) = 1 + S2,2(V ).(21)

Since Λ2(V ) restricts as 1 + 1 + 4, we find that S2,2(V ) restricts as

S2(4) + 4 + 4 + 1 + 1 = 9 + 4 + 4 + 1 + 1 + 1.(22)

In particular, there is no spin 2 representation of SL(2,C) in this decomposition,
and therefore the model is not consistent with the existence of a spin 2 graviton.
It is not entirely clear which part of this representation, if any, corresponds to
particles that might mediate a quantum gravity. But it does contain two copies
of the 4-dimensional representation, that can describe 4-momentum for massless
particles, and which might therefore be associated with neutrinos travelling in both
directions between two gravitating bodies.

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.


