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Abstract

This note presents an alternative to the Higgs mechanism accounting
for mass. Instead mass derives from the entropy of the weak interac-
tion about 10 picoseconds after the Big Bang, when particles carry an
energy of 100-200 GeV. This is close to the mass of 171 GeV of the top
quark which a representation of E8 finds to be associated with the en-
tropy of a subgroup su2 × e7. The constant of proportionality η =29.45
eV of equation (1)also provides a satisfactory estimate of the masses of
down,charm and bottom quark pairs that differ by an order of magni-
tude (cf.Section 3). Finally the E8 model of the weak interaction defines
the surface of Fig.1 with 2 opposing tetrahedra and a common vertex
O. In Fig.1 the opposing tetrahedra label up and down quarks and
anti-quarks but the Witting polytope that is the inner shell of E8 also
has opposing tetrahedra where one tritangent face carries the W±, Z0

bosons while the opposite face holds the anti-particles. These cancel at
O leaving only photons.

1 Introduction

This paper is an alternative to the Higgs bosons. Instead mass originates to-
gether with the Electroweak unification at about 10 picoseconds after the Big
Bang when particle masses are between 100 and 200 GeV (cf.eg Baez [2] Week
196). This includes the mass of 171 GeV of the top quark which a representa-
tion of the subgroup su2 × e7 of E8 provided by Manivel [16] associates with
the order 5806080 of the Weyl group of permutations of lines on a surface
that preserve their intersection behavior. The connection of the top quark to
representations of E8 is given in the next Section. Then the order 5806080 can
be associated with the entropy of organization, and following Newman and
Schneider [17] can be related to energy. A constant of proportionality is

η = 171/5.80608 = 29.45eV (1)

which does away with adjustable constants needed by the Standard Model but
not necessary in an algebraic model.
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In Ref.[9] on Icosahedral Symmetry (available on the web under Interna-
tional Mathematical Forum) the Witting polytope is considered in detail. It is
the inner shell of E8 and consists of 40 tetrahedra in a 6-space with a common
vertex O. Illustrated by Fig.4, here reproduced as Fig.1,that shows 2 tritan-
gents on a surface representing the proton and neutron . However another pair
represents the W±, Z0 bosons. Eighteen of the 40 tetrahedra are needed for
the Standard Model and another 18 for their supersymmetric partners. This
leaves just one pair for 3 gluons and their anti-particles and 2 neutral gluons at
O. Particles and anti-particles appear as vertices (or edges) of their opposing
tetrahedral pairs so there is no mass,spin or charge possible at O. In this way
an electroweak interaction can occur where only photons are produced in full
accord with theory but without the necessity of introducing a Higgs boson.

Finally in picoseconds after the Big Bang top and bottom quarks in a 6d
Planck space could merge to create supersymmetric partners which then decay
into nucleons in 3-space accompanied by the massive inflation of the order of
1020 that is observed. This would be accompanied by freezing because of the
loss of entropy caused by the enormous mass deficiency.

The Clebsch cubic of Fig.1 is in a 5 dimensional space because the sixth
dimension of time in a 6d Lorentz group has been suppressed so that quarks
are independent of time (cf. Baez [2] (2002) where the number 6 should be
replaced by a 5 in the third row of the table on p 29)

2 Tetrahedral Symmetry of Elementary Par-

ticles

In this Section we will show how an irreducible representation of the (5+1)d
Lorentz group for the nucleon has tetrahedral symmetry and is therefore iso-
morphic to the exceptional Lie algebra E6 ⊂ E8 according to MacKay [15].

We start with the 2-Form

1

4
Ψ = (iE4ψ1 + E23ψ2 + E14ψ3 + E05ψ4)e (2)

which is a minimal left ideal of the center D of the Dirac ring for spin about x1

and e is a primitive idempotent (cf.[7]). It has been used to model a nucleon
because E23, E05 are rotational operators of spin and isospin through the angles
ψ2, ψ3 while E14 = E23E05 is a parity operator thus completing Triality. iE14

is the Identity operator for rotations mod2π.
Eddingtons E-numbers are mapped into the 4 × 4 Dirac matrices by

γν = iE0ν, Eμν = EρμEρν = −Eνμ,

E2
μν = −1, EμνEστ = EστEμν = iEλρ, μ < ν = 1, . . . , 5. (3)
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Two more representations may be obtained by a cyclic interchange of the
indices 1,2,3 to express spins about x2, x3.

The connection with particle physics has been made by Barth and Nieto
[3] who related 3 pairs of ’fix-lines’ to the ±i eigenspaces defined by E2

μν = −1
for the commuting operators E23, E14, E05. The 6 fix-lines are the edges of a
tetrahedron so (2) implies tetrahedral symmetry governed by the quaternion
group Td (cf. Coxeter [5]). But Td is isomorphic to E6 by the MacKay cor-
respondence [15]and Fig.2 shows the famous 27 lines on a cubic surface that
correspond to the 27 fundamental weights of E6. These weights have been
associated with members of the Standard model by Slansky [18]and a possible
allocation of the 18 u,d,s;u, d, s appears in Fig.2 based on a paper by Coxeter
[6]. This is a 6d orbifold related to E6 so that quarks and anti-quarks are not
in the same plane but on the opposite sides of the origin O(not shown)(cf.
Green,Schwarz and Witten [12] v2 Section 9.5.2).

Because E14 is a vector and E23, E05 are spin operators equation (2)covers
triality (cf. eg. Evans [11]). Furthermore if we start with a normed triality
we get a normed algebra i.e. E6 ⊂ E7 ⊂ E8 (cf. Adams [1] Ch 5). thus we
may pass from a representation (2) of the nucleon (and Standard Model)in 2
ways to the Division Algebras and Weyl groups (and mass).The fundamental
representation (2), without e, ψi was originally suggested (but alas rejected) by
Eddington ([10], p135), who together with Dirac was looking for an algebraic
representation of quantum particles in the 1930’s. Although Eddington used
quaternions he did not employ them to construct normed division algebras as
done by Coxeter [5] Ch. 6 and use the MacKay correspondenc [15]. Otherwise
particle physics might have followed another route.

The top,bottom and charm quarks and their anti-particles are also covered
by E6 because they have precisely the same properties apart from mass. How-
ever we shall see in the following Section how mass arises from the number of
possible states,or orders,of subalgebras of E6 ⊂ E7 ⊂ E8.

Here we will find Manivels subalgebras of the groups E8 and E7 and relate
them to the masses mt, mb, mc and md of the top,bottom ,charm and down
quarks. Then in the last Section we will consider the Weak Interaction. We
shall need the concept of a Weyl group W,which is the group of permutations of
the lines on a surface, defined by a Lie algebra, that preserves their intersection
behavior. W (E6) defines a cubic, W (E7) defines 28 bitangents on a quartic
plane curve and W (E8) lies on a double covering of a quadratic cone , branched
on a canonical sextic curve (cf.Manivel [13],Introduction). The dimensions
|W (6)| = 51840, |W (8)| = 696,729,600 taken from Humphreys [14] Ch.2 ,will
be needed in Section 3.
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3 Subalgebras of E6, E8

Fig.3 shows the extended Dynkin diagrams for E6, E8 given by Manivel [16].
The nodes are roots of the algebra generated by elements of the Cartan subalge-
bra or center consisting of those elements that commute(cf.Slansky [18],Section
4). The E-numbers of equation 2 are an example, but there are altogether 15
sets of commuting E-numbers called Synthemes which are the core of the Min-
imal Supersymmetric Standard Model or MSSM with icosahedral symmetry
[9]. the angle between a pair of roots (that Coxeter [5] considers as mirrors)
is denoted by the lines between them. One line means 120 deg (or 2 mirrors
inclined at 60 deg),but no line indicates 90 deg. The extended nodes employed
by Manivel are shaded so the 6 roots remain for E6 and 8 for E8.

The Dynkin diagram may be expressed in the form of Cartan matrices with
the i-th row labeled by αi. Weights are then obtained by a ladder that begins
by subtracting α1 from the highest weight to get the second weight, then α2

from that weight and so on. The diagram for the 27 weights of E6 appears in
Table 11 b of [18].

However for our purposes we can obtain the order of the subalgebra su3 ×
su3×su3 of E6 by suppressing the central node of Fig.3 to get the disconnected
Dynkin diagram with 2 nodes connected by a line which is su3 the Lie algebra
of SU3. To find the index of this subalgebra, which is the number of times
that the subalgebra occurs in W (E6) we need to divide |W (E6)| = 51840 by
|W (3A2|, where W (A2) = 6 so that |W (3A2)| = 63. This yields an index of 240
so that the order su3 × su3 × su3 is 51840/240 = 216 which is the number of
possible down quark states in E6 and believed to be a measure of the entropy.

Then by equation (1)we should expect a down quark mass of

md = 29.45 × 216 = 6.36MeV (4)

compared with a mass estimate of 6 MeV. E6 is a subalgebra of E7 that is
believed to carry the charm quark in the second generation in which case its
mass is:

mc = 29.45 × 51840 = 1.53GeV (5)

compared with a best estimate of 1.3 GeV. Passing onto E8 and suppressing
the node adjacent to the shaded one we obtain the subalgebra su2 × e7 that
contains the weak interaction of Section 4. Here |W (E7+A1)| = 2×56×51840
which when divided into |W (E8)| yields an index of 120 ie. an order of 5806080
which, if the number of top quark states,would give a mass of

mt = 29.45 × 5806080 = 171GeV. (6)

Another subalgebra of E8 is sl3 × e7 found by suppressing 2 nodes adjacent to
the shaded one at the end. This has an order of 6 × 51840 yielding a mass of

2mb = 29.45 × 311040 = 9.16GeV (7)
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which is near to the current estimate of 8.2 GeV.

The strange quark mass can also be explained by an entropy increase in
heavy ion collisions [3] but spontaneous symmetry breaking may maar a perfect
fit.

Finally if we follow Adams [1] Ch.11 and consider the sum A2 + A2 + A2

instead of the product employed in (4) we find a massme = 18×29.45 = 530eV
that is within a few per cent of the mass of the electron namely 511 eV.
According to this scenario the subalgebra su3 × su3 × su3 of E6 models the
stable particles e,u,d. Other unstable particles are man-made. However it may
be necessary to consider a lower value for the constant 29.45 based on the mass
of the top quark, otherwise the model covers a mass range of 170 Gev up to
experimental symmetry breaking.

4 The Weak Interaction

Returning to the subalgebra SU2 × U1 ⊂ SU3 introduced in the Introduction.
This is the group that governs the Weak Interaction coupling a Higgs boson
doublet in SU2 to a photon in U1 (cf.eg.Zee [19]p 366]. The particles found
in the weak interaction are the W±, Z0 bosons that have been measured very
accurately at 80.398 and 91.1876 GeV respectively, and the still missing Higgs
boson is supposed to account for the fact that the photon has no mass. However
the opposing tetrahedra of the Witting polytope, similar to those of Fig.1 but
now representing W±, Z0 bosons and their anti-particles, cancel at O leaving
photons without any appeal to a Higgs mechanism.

5 Conclusion

The conclusions of this analysis will still be valid even if a Higgs particle or
particles are found in the LHC at CERN, but this has not yet been found to
be the case at the time of writing.
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Figure 1: The Clebsch Diagonal Cubic
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Figure 2: The Coxeter Polytope
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Fig. 3
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Figure 3: Dynkin Diagrams for E6, E8


