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The standard model is unified with gravity in a F4 gauge theory where the spacetime is a quasicrys-
talline compactification of an E9 Lorentzian lattice. The Higgs is played by a neutrino condensate.

INTRODUCTION

It was proposed by Freeman Dyson[1] that quasicrys-
tal order is a language. The Rosetta stone was found
in Trashit, Egypt in 1799 by french soldiers, and used
by Champollion to decipher[2] the Egyptian hieroglyphs.
Similarly, using three languages where the first is a
Hilbert loop (see figure 1), the second is a list of ver-
tices in the E8 Lattice, and the third is a two-dimensional
quasicrystal exhibiting five-fold symmetry, the longtime
sought generation formula for general five-fold symmetric
quasicrystals is revealed.

The natural quasicrystals exhibit icosahedral or
decagonal symmetry[3–9]. Quasicrystal dynamics is
also studied with dodecagonal symmetry, especially with
graphene[10–12]. Soft quasicrystal dynamics has recently
been explored [9, 13–15]. They become to be used for
quantum computation[16].

The Lagrangian of the standard model is well
known[3]. We propose to simplify and explain its struc-
ture as a Yang-Mills theory over the exceptional f4 Lie
algebra with 52 generators acting as the derivation alge-
bra of the exceptional Jordan algebra of dimension 27.
The branching rules of F4 are classified[3] and we can
choose between F4 −→ SO9 and F4 −→ SO3xG2.

RESULTS

Geometry, algebra and information encoding comple-
ments each other. The most symmetrical geometric ob-
ject in any dimension is the icositetrachoron, a regular
polytope occuring only in four dimensions, whose vertices
are the Hurwitz integer quaternions, and also form the
root polytope of the Lie algebra d4. The ultimate excep-
tional algebra is the Lie algebra e8, whose root polytope
are the Cayley integral octonions. The basic information
unit needed to elucidate and encode this two objects and
their relationship is not the bit, but the trit, a ternary
information unit. It has three states -1, 0 and +1. Its
quantum declination, the qutrit plays also a role in quan-
tum computation.
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F4

The f4 Lie algebra is f4 = der(h3(O)) and the Lie group
is F4 = Aut(h3(O))

This section reviews the procedure presented in [A08]
to build the F4 roots polytope from a ring of 4 by 4
trits matricesM4(T) where T = {−1, 0, 1} and enhances
it by complexification to build the E8 roots polytope as
the convex hull of a compound of 5 rotated F4 polytopes.

The icositetrachoron is the convex hull of the com-
pound of a 4D hypercube and its rescaled dual, the 4-
orthoplex or hyperoctahedron. Also named 24-cell, be-
cause made of 24 octahedrons, the coordinates of its 24
vertices are the 24 permutations of {±1,±1, 0, 0}, and it
is the roots polytope of D4 = SO(8).

Using quaternions represented as trits matrices, it was
shown in [A08] and [IA16] that only two generators
e1 = i = and e2 = j = generates by multiplication
the hyperoctahedron, root polytope of the Lie group
B2 = Sp(1) (see table II),

√
B2 = {e0 := 1 := e1

4, e1 =
i, e2 = j, e3 := k := e1e2,−e0 := −1 := e1

2,−e1 :=
−i := e1

3,−e2 := −j := e2
3,−e3 := −k := −e13e2}

where we use the notation
√
Xn for the set of root vec-

tors of the Lie group Xn.
Using biquaternions the generators and the root vec-

tors can be expressed in a ring of M2(C ⊗ T) of the
algebra M2(C). The biquaternion w where w,x,y and
z are complex numbers, is represented by the matrix(
w + ix y + iz
−y + iz w − ix

)
A third generator, e4 := i (repre-

senting the complex imaginary unit, while i is the quater-
nionic e1 imaginary unit), is required, and commutes
with the two first. Consistently with [A18], the gener-
ators are indexed by a power of two, but here e4 is not
an octonion but a biquaternion. The biquaternion alge-
bra is isomorphic to several Clifford algebras, and to the
Geometric Algebra: Cl03(C), Cl2(C), Cl1,2(R), Cl3,0(R),
Cl01,3(R) and Cl03,1(R) (see [F16] and references therein).

Generator i j 1
2
(1−i−j−k) 1

2
(1+i+j+k) i

Unit e1 e2 t t2 e4 e5 e6

Matrix
1
2

1
2

B 10 0.01

TABLE I. . The generators of B2 and D4.
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Biquaternion 1 i j k -1 −i −j −k
Unit e0 e1 e2 e3 −e0 −e1 −e2 −e3

Matrix
B 10 0.01

TABLE II. . The roots of B2.

DISCUSSION

The simulation provided proposes to use methods from
Material science associated with Group theory from the-
oretical physics to discuss the possibility of a unification
theory where a crystal lattice high dimensional discrete
space (spanned by integer coordinates) contains a subset
isomorphic to a quasi-crystal of half its dimension.

THEORY AND METHODS

The rise of awareness of Nature

The truth is not observable. The observation is not
the truth.

The most powerful mathematical structure that sci-
ence and physicists use to describe and understand Na-
ture are ’deformation’ of pure abstract concepts.

A simple example is the structure of group, and its
deformation is named quantum group. Quantum me-
chanics is a deformation of classical mechanics. The de-
formation of zero is the Planck constant ~, a very small
number. Mathematicians and group theorists are fasci-
nated by pure concepts where more and more complex
objects emanates in successive layers from the simplest
one. As a general paradigm this is known as theory of
complex systems, and has been developed with the rise of
the computers to understand Nature’s phenomena that
we can even not model with equations. Modelization is
based on linearization, or first order approximation of
observed and reproducible behaviors.

Grassmann variables θ are used to represent the
fermion creation operator, implementing automatically
the Pauli exclusion principle because they square to zero.
They satisfy the anticommutation rules:

{ θm, θn } := θmθn + θnθm = 0 (1)

Together with their dual momentum π they satisfy the

anticommutation duality:

{ θm, πn } := θmπn + πnθm = δmn (2)

We have the five deformed Grassmann variables θ1 to θ5,
and their conjugate variables π1 to π5, deduced by trans-
position: πm :=T θm, where m goes from 1 to k, from
which we can build 5 pairs of deforme Clifford gamma
matrices γ+m, γ

−
m by

γ+m = θm + πm , γ−m = −i(θm − πm). (3)
CONCLUSIONS

This allows quasicrystalline compactification of quan-
tum gravity theories. The author, Ark Thoth, expect to
become to quasicrystal physics who Nicolas Bourbaki is
for mathematics.

FIG. 1. Rosetta quasicrystal language, we see clearly the
complex alphabet
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