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Abstract

In this note we will study how a representation, shown in Fig.1, of

E6 first derived by Coxeter and then used by Slansky and de Wet as

a picture of the Standard Model can also encompass the masses of the

stable particles , protons and electrons.In particular Equation (3) shows

how mass is transferred when 3 quarks become a nucleon after a ’Blow

up’of 6d planck space into a 4d Lorentz space.
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1 Introduction

In several papers de Wet [4,5,6,7] has detailed an Algebraic Design of physics

based on a fundamental 2-Form

1

4
Ψ = (iE4ψ1 + E23ψ2 + E14ψ3 + E05ψ4)e (1)

which is a minimal left ideal of the center of the Dirac ring, and also an

Irreducible Representation of the (5+1)-dimensional Lorentz Group, for the

spin about x1. Here e is a primitive idempotent and E23, E05 are spin and

isospin operators through the angles ψ2, ψ4, while E14 is a parity vector along

x4 thus encompassing Triality. The identity operator for rotations mod2π is

iE4
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Eddingtons E-numbers, which are isomorphic to quaternions, are mapped

into the 4 × 4 Dirac matrices by

γν = iE0νEμν = EρμEρν = −Eνμ,

E2
μν = −1, EμνEστ = EστEμν = iEλρ, μ < ν = 1, . . . , 5. (2)

Two more representations may be obtained by a cyclic interchange of 1,2,3 to

cover the spin about x2, x3.

Because E14 is a parity vector and E23, E05 are spin operators (1) covers

triality (cf.Evans[8]). Furthermore if we start with a normed triality (given by

the quaternions) we find a normed Exceptional Lie algebra namely E6 ⊂ E7 ⊂
E8 according to Adams [1] Ch.5. In this way the fundamental representation

(1) leads logically to Division Algebras and Weyl groups.

Furthermore the graph of E6 taken from Coxeter [2,3] and shown in Fig.1

carries the famous 27 lines on a cubic surface which correspond to the 27

fundamental weights of E6. These weights have been associated with members

of the Standard Model by Slansky [12] and a possible allocation of the eighteen

u, d, s; u, d, s is given in the figure based on Coxeter [2]. This is a 6-dimensional

orbifold so that quarks and anti-quarks are on opposite sides of the origin O

(cf. [9] Section 9.5.2)and leads to an asyzygy that inverts vectors meeting at O

thus causing E14, E05 to change sign [6]. This picture is analogous to General

Relativity as the strong interactions have been replaced by the geometry of

Fig.1.

An automorphism of the 27 lines that includes permutations and reflec-

tions is described by the Weyl group W (E6) (cf.[10]). And in a recent paper

by de Wet[7] the orders of the subalgebras of E6 have been employed to derive

the masses of the electron and down quark by relating the number of times

that a subalgebra occurs in W (E6) to an entropy related to mass by equa-

tion (1)of that paper. Although here it should be noted that the constant of

proportionality η should be 29.45 keV to give the experimental masses.

In that reference it was argued that picoseconds after the Big Bang the 6-

d symplectic Planck space of Fig.1 could collapse into a 4-d Minkowski space

accompanied by massive inflation of the order of 1020 in agreement with current

thinking. A possible mechanism that easily finds the mass of the proton will

be detailed in the next section.
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2 Tetrahedral Collapse

Turning again to Fig.1, the collapse from a 6-d space into 4-space that entails

the loss of 2 dimensions may take place by a folding along three of the six sea

quarks pairs u, u, dd, s, s associated with the tetrahedra uud,udd,sss and their

antiparticles.

In this scenario the vertex O where annhilation occurs gets ’Blown Up’ into

a 3-d space carrying the proton,neutron and strange particles as well as the

leptons e±, μ±, τ± appearing on the 6 diagonals connecting the 6 sea quarks.

(An example of blowing up a similar space into 3 spinors p,n,s is given by

Penrose [11],Sections 15.4,5)).Then when the μ and τ leptons quickly decay

into stable electrons and neutrinos their mass is assumed by the 2 nucleons by

the relation (3).There are no strange particles in the nucleons and the electron

is stable but the strange particle does not appear to be stable.

mτ +mμ → mp +mn (3)

which is accurate to within the current measurement of mτ ≈ 1777MeV,mμ =

106MeV .

The Pati-Salam model discussed by Baez [2] emphasizes the similarity be-

tween quarks and leptons by employing SU(4). But E6,the Lie algebra of

SO(6),is isomorphic to that of SU(4)(cf.[10], Section 15.1.3) so equation (3) is

in accord with Pati-Salam’s ideas and we come back ,full circle,to the funda-

mental IR (1)!

3 Conclusion

We see in Fig.1 the intimate connection between a geometric cubic space illus-

trated by Fig.1 of [7] and quarks in a unified theory without gravity in passing

from a 6-d Planck space to a 4-space without proposing 10 dimensions.This

algebraic design of physics applies only to the stable particles p, ne, ν which

are entangled with τ and μ in the same irreducible representation.
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Figure 1: The Coxeter Polytope
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