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Abstract - Introduction

This paper describes a research program based on the 240 E8 Root Vectors encoding
the basic structure of a Unified Theory of Fundamental Physics by forming
a local classical Lagrangian for the Standard Model plus Gravity and Dark Energy.

The Root Vectors know where they belong in the Lagrangian because of their place in
the geometric structure of E8 and its related symmetric spaces such as:

E8 / D8 = 128-dim (OxO)P2

E8 / E7 x SU(2) = 112-dim set of (QxO)P2 in (OxO)P2

D8 / D4 x D4 = 64-dim Gr(8,16)

Embedding E8 local classical Lagrangian into CI(0,16) Clifford Algebra and taking the
completion of the union of all tensor products of all the CI(0,16)s produces a
generalization of hyperfinite 111 von Neumann factor fermionic Fock space forming a
global AQFT describing spacetime, the Standard Model, and Gravity with Dark Energy.
The structure is related to unconventional 26D String Theory by

Cl(0,16) -> Cl(0,16)xClI(0,8) = CI(0,24) -> M(2,CI(0,24)) = CI(1,25)
Completion of Union of All Tensor Products of Cl(1,25) = 2x2 matrices of Cl(0,24)
is the String Theory formulation of the hyperfinite AQFT.

The CI(1,25) of 26D String Theory contains CI(0,16) which contains E8 whose
root vectors describe a Lagrangian for the Standard Model and Gravity + Dark Energy.

The paper describes physical interpretations of the 240 Root Vectors and how they are
used in calculating force strengths, particle masses, Kobayashi-Maskawa parameters,
Dark Energy : Dark Matter : Ordinary Matter ratios, etc.

that can be compared with Experimental Observations which are given up to and
including the 2017 run of the LHC in the Higgs -> ZZ -> 4l channel which is relevant

to the E8 Physics prediction of 3 Mass States of the Higgs and Truth Quark:
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Clifford Algebra CI(8)xCI(8)=CI(16) and E8
Where does the E8 of E8 Physics come from ?
Human Understanding is based on Geometry of the Space and Time in which we live.

William Kingdon Clifford (1845 - 1879) described that Geometry
in terms of his invention: Real Clifford Algebras, which he called “mind-stuff’, saying:

“... That element of which ... even the simplest feeling is a complex,
| shall call Mind-stuff.

A moving molecule of inorganic matter does not possess mind or

consciousness ; but it possesses a small piece of mind-stuff. ...

When molecules are ... combined together ... the elements of mind-stuff

which go along with them ... combine ... to form the ... beginnings of Sentience.

When the molecules are so combined as to form the brain and nervous system ...

the corresponding elements of mind-stuff are so combined as to form some kind

of consciousness ... changes in the complex which take place at the same time

get so linked together that the repetition of one implies the repetition of the other.

When matter takes the complex form of a living human brain,

the corresponding mind-stuff takes the form of a human consciousness ...".
(Wikipedia - (1878, "On the Nature of Things-in-Themselves", Mind, Vol. 3, No. 9, pp. 57-67))

For example:
our 3-dimensional Space with coordinates xy z
is described by the CI(3) Clifford Algebra whose total dimension is 1+3+3+1 =8

1 for one type of 0-dim point

3 for three types of lines / directions in space
Xy z

3 for three typex y z s of planes in space:
Xy yz zX

1 for all of 3-space itself

Generally, CI(N) of N-dim space has dimension 2N
so the process of forming Clifford Algebra

creates 2”N -dim spaces from N-dim spaces



David Finkelstein (1929 - 2016) applied Real Clifford Algebras to the Origin
and Evolution of Our Universe by seeing Our Universe as emerging from
its Parent Universe by a VOID Quantum Fluctuation which evolves

by lterating the Process of forming Clifford Algebras
(Finkelstein, Int. J. Theor. Phys. 2017 56 : 2-39)
SO

THIS IS HOW OUR UNIVERSE GREW FROM NOTHING

to the 65,536-dimensional Real Clifford Algebra CI(16)
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CI(16) can be factored into the tensor product of two copies of CI(8)
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because tensor product on N copies of ClI(8) is CI(Nx8) - a property called 8-Periodicity



Each of the two CI(8) have 8s Half-Spinors for left-helicity Fermion Particles
and 8c Half-Spinors for right-helicity Fermion AntiParticles. Cl(16) has by tensor product
CI(8)xCI(8) 4 64-dim parts to its 256-dim Spinor structure:

8sx8s + 8sx8c + 8cx8s + 8cx8c
only 2 of which 8s x 8s + 8c x 8c form a 128-dim CI(16) Half-Spinor space with well-
defined helicity, so only 8s x 8s + 8¢ x 8c form the 128-dim D8 Half-Spinors of E8.

CI(8) is 278 = 256 - dimensional and is the Algebra of 16x16 Real Matrices M(R,16).
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The 16 blue column vectors are the Spinors of CI(8).
They reduce to two sets of 8-dim Half-Spinors that are mirror images of each other:

and

They describe the entanglements of connections to the 8-dim Vector Space of CI(8).

By the Triality property of CI(8) each of the CI(8) Half-Spinors is isomorphic to
the 8 Vectors of CI(8)

Now consider CI(16) = tensor product CI(8) x CI(8):



CI(16) = 2216 = 65,536 dimensions with graded structure

116 120 560 1820 4368 8008 11440 12870 11440 8008 4368 1820 560 120 16 1

The 120 grade-2 BiVectors form the D8 Lie Algebra
that is related to rotations in 16-dim space

The 256 first-column-vectors are the Spinors of D8
that are related to entanglement of connections to 16-dim space
The 256 D8 Spinors break down into two half-Spinors
256 =128 + 128

The 128 and 128 half-spinors are mirror images of each other
so 128 can describe all useful physics by itself.

120 D8 BiVectors + 128 D8 half-Spinors = 248-dim E8
E8 /D8 = 64 + 64 Fermions = 128-dim D8 half-Spinors of CI(16)

D8 / D4 x D4 = 64 Spacetime

D4 = 28 Standard Model (12)
with 16 Gravity + Dark Energy Ghosts

D4 = 28 Gravity + Dark Energy (16)
with 12 Standard Model Ghosts



Here is how Our Universe grew beyond the CI(16) stage:

The Creation Sequence continues from Clifford Iteration
0 -> CI(0,0) -> CI(0,1) -> CI(0,2) -> CI(0,4) -> CI(0,16) = CI(0,8) x CI(0,8)
(where (p,q) denotes the signature of the Real Vector Space of Cl(p,q))

to CI(0,24) by Tensor Product
-> CI(0,8) x CI(0,8) = Cl(0,16) -> CI(0,16) x CI(0,8) = CI(0,24)

CI(0,24) contains the Vector Space of the 24-dim Leech Lattice A24 that is
composed of 3 copies of E8 Lattices ( 2 being Integral Domains and 1 not Algebraically closed )

The Creation Sequence then continues by constructing
the Conformal Structure of 2x2 matrices with entries in CI(0,24) = M(2,CI(0,24))

(Porteous, Clifford Algebras and the Classical Groups and
Lounesto and Porteous, Lectures on Clifford (Geometric) Algebras and Applications)

> M(2,Cl(0,24)) = CI(1,25)

Since all the matrix entries are CI(0,24) = tensor product of 3 copies of CI(0,8)
8-Periodicity allows formation of the tensor products of copies of Cl(1,25)

-> Completion of Union of All Tensor Products of Ci(1,25) = hyperfinite AQFT

The hyperfinite AQFT has Real / Octonionic structure inherited from CI(0,8)
and
it also has Quaternionic structure due to

Cl(1,25) = CI(1,9)xClI(0,8)xCI(0,8) and CI(1,9) = CI(1,5) x CI(0,4) = Cl(2,4) x CI(0,4)
where
the vector space of Cl(2,4) is 6-dim Conformal Spacetime
which contains 4-dim Minkowski Spacetime M4 of CI(1,3) by twistor Spin(2,4) = SU(2,2)
and
the vector space of Cl(0,4) corresponds to CP2 = SU(3) / SU(2)xU(1)
so that
before breaking Octonionic symmetry non-unitarity of Octonion Quantum
Processes allows particle creation during the Inflation Era

(Adler, Quaternionic Quantum Mechanics and Quantum Fields, pages 50-52, 561)
and
after breaking non-unitary Octonionic 8-dim Spacetime
to unitary Quaternionic Spacetime, thus ending the Inflation Era,
the Spacetime of the hyperfinite AQFT is (4+4)-dim M4 x CP2 Kaluza-Klein

(Real Form E8(-24))



The E8 contained in CI(0,16) contained in CI(1,25) is not a conventional Gauge Group
but
is a Recipe for a Realistic Physics Lagrangian:

Fermion Terms:
E8 / D8 = 128-dim = 8-dim Spacetime Components of 8 Fermion Particles
+
8-dim Spacetime Components of 8 Fermion AntiParticles

Spacetime Base Manifold Terms:
D8 / D4 x D4 = 64-dim = 8-dim Spacetime Position x 8-dim Spacetime Momentum
related to Unimodular Gravity of A7 = SL(R,8)

Gauge Boson and Ghost Terms:
The two 28-dim D4 correspond to the M4 and CP2 of M4 x CP2 Kaluza-Klein

D4_M4 = 16-dim U(2,2) containing SU(2,2) = Spin(2,4) Conformal Gravity
and 12 Standard Model Ghosts

D4_CP2 = 8-dim SU(3) Color Force plus 4 Translation Gravity Ghosts
and 12 Conformal Gravity Ghosts
Electroweak SU(2) x U(1) come from Little Group of CP2 = SU(3) / SU(2) x U(1)
(Batakis, Class. Quantum Grav.3 (1986) L99-L105)

This E8 Structure can be seen in terms of its 240 Root Vectors
each of which has a realistic Physics Interpretation:



240 E8 Root Vectors Physical Interpretation

248-dim Lie Group E8 has 240 Root Vectors arranged on a 7-sphere S7 in 8-dim space.

Since it is hard to visualize points on S7 in 8-dim space,
| prefer to represent the 240 E8 Root Vectors in 2-dim / 3-dim space
as in this 2D representation by Ray Aschheim (see Appendix - Mathematica CDF)




To understand the Geometry related to the 240 E8 Root Vectors, consider that
248-dim E8 = 120-dim Spin(16) D8 + 128-dim half-spinor of Spin(16) D8
240 E8 Root Vectors = 112 D8 Root Vectors + 128 D8 half-spinors

there are two ways to see a maximal symmetric subspace of E8 and E8 Root Vectors:
the symmetric space corresponding to the 128 D8 half-spinors

E8 / D8 = 128-dim Octonion-Octonionic Projective Plane (OxO)P2
the symmetric space corresponding to the 112 D8 Root Vectors

E8 / E7 x SU(2) = 112-dim set of (QxO)P2 in OxO)P2

Geometric Structure leads to physical interpretation of the E8 Root Vectors as:




240=24+24 +64 + 64 + 64

Orange and Yellow dots correspond to Root Vectors of the two D4 subalgebras of E8
each of which has 24 Root Vectors.

Blue dots correspond to the 64 elements of D8 that make up D8 / D4xD4.

Green and Cyan dots with white centers (32+32 = 64 dots) and
Red and Magenta dots with black centers (32+32 = 64 dots)
correspond to the 128 elements of E8 / D8.

The 24 Orange Root Vectors of the D4 of E8 Standard Model + Gravity Ghosts
are on the Horizontal X-axis.
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8 of them in the Orange Box represent the 8 Root Vectors of the Standard Model
Gauge Groups SU(3) SU(2) U(1).

Their 4 Cartan Subalgebra elements correspond

to the 4 Cartan Subalgebra elements of D4 of E8 Standard Model + Gravity Ghosts
and to half of the 8 Cartan Subalgebra elements of E8.

The other 24-8 = 16 Orange Root Vectors represent Ghosts of 16D U(2,2)
which contains the Conformal Group SU(2,2) = Spin(2,4)
that produces Gravity + Dark Energy by the MacDowell-Mansouri mechanism.

Standard Model Gauge groups come from CP2 = SU(3) / SU(2) x U(1)
(as described by Batakis in Class. Quantum Grav. 3 (1986) L99-L.105)

Electroweak SU(2) x U(1) is gauge group as isotropy group of CP2.

SU(3) is global symmetry group of CP2 but due to Kaluza-Klein M4 x CP2 structure of
compact CP2 at every M4 spacetime point,
it acts as Color gauge group with respect to M4.



The 24-8 = 16 D4 of CP2 Root Vectors represent Ghosts of U(2,2) Conformal Gravity.
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16 Root Vectors for Ghosts
of U(2,2) Conformal Gravity

Jean Thierry-Mieg in J. Math. Phys. 21 (1980) 2834-2838 said:

“... The ghost and the gauge field:

The single lines represent a local coordinate system

of a principal fiber bundle of base space-time.

The double lines are 1 forms.

The connection of the principle bundle w is assumed to be vertical.
Its contravariant components PHI and X are recognized, respectively,
as the Yang-Mills gauge field and the Faddeev-Popov ghost form ...”.



The 24 Yellow Root Vectors of the D4 of E8 Gravity + Standard Model Ghosts

are on the Vertical Y-axis.

12 of them in theYellow Box represent the 12 Root Vectors of the Conformal
Gauge Group SU(2,2) = Spin(2,4) of Conformal Gravity + Dark Energy.

The 4 Cartan Subalgebra elements of SU(2,2)xU(1) = U(2,2) correspond

to the 4 Cartan Subalgebra elements of D4 of E8 Gravity + Standard Model Ghosts

and to the other half of the 8 Cartan Subalgebra elements of E8.

The other 24-12 = 12 Yellow Root Vectors represent Ghosts of 12D Standard Model
whose Gauge Groups are SU(3) SU(2) U(1).

Gravity and Dark Energy come from its Conformal Subgroup SU(2,2) = Spin(2,4)
(see Appendix - Details of Conformal Gravity and ratio DE : DM :OM)

SU(2,2) = Spin(2,4) has 15 generators:
1 Dilation representing Higgs Ordinary Matter
4 Translations representing Primordial Black Hole Dark Matter

10 = 4 Special Conformal + 6 Lorentz representing Dark Energy
(see Irving Ezra Segal, “Mathematical Cosmology and Extragalactic Astronomy” (Academic 1976))

The basic ratio Dark Energy : Dark Matter : Ordinary Matter = 10:4:1 =0.67 : 0.27 - 0.06
When the dynamics of our expanding universe are taken into account, the ratio is
calculated to be 0.75 : 0.21 : 0.04



The 24-12 = 12 D4 of M4 Root Vectors represent Standard Model Ghosts
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Jean Thierry-Mieg in J. Math. Phys. 21 (1980) 2834-2838 said:

“... The ghost and the gauge field:

The single lines represent a local coordinate system

of a principal fiber bundle of base space-time.

The double lines are 1 forms.

The connection of the principle bundle w is assumed to be vertical.
Its contravariant components PHI and X are recognized, respectively,
as the Yang-Mills gauge field and the Faddeev-Popov ghost form ...”.



Spacetime, Unimodular Gravity, and Strong CP

The 64 Blue Root Vectors of the space D8 / D4 x D4 represent 8D Spacetime
and its symmetries such as 8 position x 8 momentum

and the A7 = SL(8,R) of Unimodular Gravity that is in the Maximal Contraction
Heisenberg Algebra of E8 with structure 28 + 64 + (A7+1) = 64 + 28.

(see Rutwig Campoamor-Stursberg in “Contractions of Exceptional Lie Algebras and
SemiDirect Products” (Acta Physica Polonica B 41 (2010) 53-77)

The 4x16 = 64 blue correspond to the
64-dim symmetric space D8 / D4 x D4 = Gr(8,16) Grassmannian = set of RP7 in RP15

Creation-Annihilation Operators for 8-dim spacetime x 8-dim momentum space are the
64-dim grade-0 part of the E8 Maximal Contraction generalized Heisenberg Algebra
h92 x A7 = 28 + 64 + ((SL(8,R)+1) + 64 + 28

Unimodular SL(8,R) Gravity effectively describes a generalized checkerboard

of 8-dim SpaceTime HyperVolume Elements and, with respect to CI(16) = CI(8)xCI(8),
is the tensor product of the two 8v vector spaces of the two CI(8) factors of CI(16).

If those two CI(8) factors are regarded as Fourier Duals,

then 8v x 8v describes Position x Momentum in 8-dim SpaceTime.



Bradonjic and Stachel in arXiv 1110.2159 said: "... in ... Unimodular relativity ... the
metric tensor ... break[s up] ... into the conformal structure represented by a conformal
metric ... with det = -1 and a four-volume element ... at each point of space-time ...
[that]... may be the remnant, in the ... continuum limit, of a more fundamental discrete
quantum structure of space-time itself ...".

Conformal Spin(2,4) = SU(2,2) Gravity and Unimodular SL(4,R) = Spin(3,3) Gravity
seem to be effectively equivalent. Padilla and Saltas in arXiv 1409.3573 said:

“... classical unimodular gravity and classical GR are the same thing, and they can be
extended into the UV such that the equivalence is maintained. ...

Classical unimodular gravity = classical GR. ...

Quantum unimodular gravity = quantum GR provided we make certain assumptions
about how we extend into the UV. ...”.

Frampton, Ng, and Van Dam in J. Math. Phys. 33 (1992) 3881-3882 said:

"... Because of the existence of topologically nontrivial solutions, instantons, of the
classical field equations associated with quantum chromodynamics (QCD), the
quantized theory contains a dimensionless parameter @ ( 0 < o < 211) not explicit in the
classical lagrangian. Since o multiplies an expression odd in CP, QCD predicts
violation of ... CP ... symmetry unless the phase o takes one of the special
values ... 0 ( mod ) ... this fine tuning is the strong CP problem ... the quantum
dynamics of ... unimodular gravity ... may lead to the relaxation of o

to o = 0 ( mod 1) without the need ... for a new particle ... such as the axion ...".



The 64 Green and Cyan Root Vectors represent half
of the First Generation Fermions of E8 / D8.
The White Centers of their dots indicate that they are Particles.
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The 64 Red and Magenta Root Vectors represent the other half
of the First Generation Fermions of E8 / D8.
The Black Centers of their dots indicate that they are AntiParticles.

Their physical interpretations are
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Evolution of our Universe and E8 Real Forms

From Void to Algebraic Quantum Field Theory
via David Finkelstein’s lteration of Real Clifford Algebras

All Universes obey the same Laws of Physics and have the same Particle Masses,
Force Strengths, and Spacetime Structure because they all begin with Void
and evolve according to the Quantum Process of

David Finkelstein’s Iteration of Real Clifford Algebras:

Void -> CI(Void) -> CI(0) -> CI(220=1) -> CI(271=2) -> CI(2A2=4) -> CI(2"4=16)

CI(16) contains 248-dim Lie Algebra E8 = 120-dim BiVectors + 128-dim Half-Spinors.
The 120-dim BiVectors of CI(16) form the D8 Lie Algebra of SO(16) subalgebra of E8.
By 8-Periodicity of Real Clifford Algebras CI(16) can be factored into the tensor product
65,536-dim Cl(16) = 256-dim CI(8) x 256-dim CI(8)
so the Quantum Evolution Process does not use lterated Clifford Algebra beyond CI(16)
but
uses lterated Tensor Product of CI(8) with E8 Lattice Vector Space
Cl(16) = CI(8)xCl(8) -> CI(8)xCI(8)xCI(8) = Cl(24)
to get to the Leech Lattice 24-dim Vector Space
and
uses Conformal Structure of 2x2 matrices with entries in Cl(24)
(Porteous, Clifford Algebras and the Classical Groups and
Lounesto and Porteous, Lectures on Clifford (Geometric) Algebras and Applications)
to get to M(2,ClI(24)) = CI(1,25) with Lorentz Leech Lattice Vector Space.
Since all the matrix entries are CI(0,24) = tensor product of 3 copies of Cl(0,8)
8-Periodicity allows formation of the tensor products of copies of Cl(1,25)

Completion of Union of All Tensor Products of Ci(1,25) = hyperfinite AQFT =
= Algebraic Quantum Field Theory containing

a copy of E8 within CI(16) within each copy of CI(1,25) The E8 is a Recipe for a
Realistic Physics Lagrangian (viXra 1602.0319, 1701.0495, 1701.0496)

the Vector Space of CI(1,25) is the Spacetime of a 26D String Theory in which
Strings are World-Lines of Particles and
the Massless Spin 2 State is the Carrier of the Bohm Quantum Potential
with Sarfatti Back-Reaction (viXra 1602.0319, 1701.0495)
and
24 of the 26 dimensions of 26D String Theory are
the off-diagonal parts of traceless part J(3,0)o of the Jordan Algebra J(3,0)
8v of Vector Spacetime +
+
8s- of -half-spinor Fermion AntiParticles



E8 Real Forms

Thanks to Alessio Marrani for correcting my thinking about E8 Real Forms. Also,

| apologize for my inconsistent and unconventional use of the terms Spinor and Pinor.

Sometimes | use the term Spinor, or Spin(p,q), when | really should use the term Pin, or Pin(p,q).

A physical significance of the difference is that Spinors and Spin(n) are related to the even subalgebra of
the Clifford algebra Cl(p,q) ( where Cle(p,q) = Cl(p,g-1) and Cle(p,0) = CI(0,p-1) ) ) and so do not contain
some reflection-related characteristics (such as parity reversal, etc.), while such things are contained in
Pin and Pin(p,q) because they are related to the full Clifford algebra Cl(p,q) including its odd part.

A paper by Marcus Berg, Cecile DeWitt-Morette, Shangjr Gwo, and Eric Kramer, math-ph/0012006,
discusses Pin and Spin. ... | hope that readers can see what | mean from context, because | have
misused the terminology in so many places throughout my materials that | have not had the energy to
correct them. However, | do not think that my misuse of math terminology has resulted in wrong physics.
That is, the ... E8 ... Physics model is in my opinion physically realistic and valid, even though my
description of it may use some incorrect math terminology.

Wikipedia and Einstein Manifolds by Arthur L. Besse say “... There is a unique complex
Lie algebra of type E8, corresponding to a complex group of complex dimension 248. ...
This is simply connected, has maximal compact subgroup the compact form ... of E8,
and has an outer automorphism group of order 2 generated by complex conjugation. As
well as the complex Lie group of type ES8,
there are three real forms of the ... E8 ... Lie algebra ...
compact form E8(-248) [and] split form, EVIII (or E8(8)) [and] EIX (or E8(-24)) ...

The compact form ... E8(-248) ... has symmetric space E8/SO(16) of dimension 128 ...
rank 8 with Isotropy representation Spin(16) ... Rosenfeld’s elliptic projective plane
(Ca x Ca)P2 (where Ca = Cayley Octonions and x = tensor product) It is simply connected ...
has trivial outer automorphism group ... maximal subgroups of E8 ... E7 x SI(2)/(-1,-1)
and E6 x SU(3)/(Z/3Z) ... Symmetric space ...
E8/S0O(16) ...

... E8/E7 x Sp(1) ...

The split form, EVIII (or E8(8)) ... has symmetric space E8/SO(16) of dimension 128 ...
rank 8 with Isotropy representation Spin(16) ... Rosenfeld’s hyperbolic projective
plane (Ca x Ca)P2hyp It has maximal compact subgroup Spin(16)/(Z/2Z), fundamental
group of order 2 (implying that it has a double cover, which is a simply connected Lie real group but is
not algebraic ... ) and has trivial outer automorphism group ... Symmetric space ...
E8(8) / SO(16) ... E8(8) / SO(8,8) ... E8(8) / Sk(8,H) [ = E8(8) / SO*(16) ]...

... E8(8) / E7(7) x SL(2,R) ... E8(8) / E8(8) / E7(-5) x SU(2) ...

EIX (or E8(-24)) ... has symmetric space E8 / E7 x SU(2) of dimension 112 and rank 4
with Isotropy representation A2 E7 x SU(2) that is the Set of (H x Ca)P2hyp ‘s in “(Ca x
Ca)P2hyp” (where A denotes exterior product representation and H = Quaternions) It has maximal
compact subgroup E7xSU(2)/(-1,-1), fundamental group of order 2 (implying a double
cover, which is not algebraic) and has trivial outer automorphism group ...
Symmetric Space ...
E8(-24) / SO(12,4) ... E8(-24) / Sk(8,H) [ = E8(-24) / SO*(16) ]...

... E8(-24) / E7(-5) x SU(2) [Quaternion-Kahler] ... E8(-24) / E7(-25) x SL(2,R) ...”.



Since my E8 Physics model is based on the 240 E8 Root Vectors being decomposed
into 128 corresponding to D8 Half-Spinors and 112 corresponding to D8 Root Vectors

the Real Forms of E8 for my E8 Physics model with Octonionic 8-dim Spacetime
prior to Post-Inflation Transition to (4+4)-dim Quaternionic M4 x CP2 Kaluza-Klein are

E8(-248) E8(8) E8(-24)
E8/SO(16) | E8/SO(8,8) E8/S0O*(16)
INFLATION RADIATION ERA MATTER ERA
ERA I-II.E('TR(E;‘:'[:I(A)IP(‘ l')()MI‘LAA.I'I:II-(")I'\l

UNIFICATION -Pnrén(lllo‘nuf -l";u;r:ulhm
pLANCK  REHHATING "Begins + Decoupling of

ENJRGY Cransition”” Riainieh

ecolgIence
Ends I tion Nuc ﬁ-l:u?:xl‘:l rsis
¥ 107k 105K 10K | 10K 10'°K 10°K 1K Temperature

LllAlAAll 111 T T ——

™ ! v] IIIZ 911 ll[YI ll]ll]rll

‘() c.\ 10°%v 10 c\ 107Gev IO \,ev l'm 1Gev I\m TkeV lev ImeV Energy
Hluhenl’l-In«rgy Nuclear'BIndlnu Atomic
Cosmic Rays Energy Binding Energy
1 "‘3 ICs '.Os"urs
T ll]TIIIIllllll'llIIIITIIll]llill]llllllvlllIllllll]llllll] LI S | Time
10" 42 103654.%: 10 3°sec 10 24!“ 107 18 sec 101 sec IG sec 1sec 10%ec )“'«‘t‘ '\18
]‘—1\ ow

adapled from Fermilab Photograph 85-138CN Galaxy Solar

Forms System
Forms



Big Bang has Compact E8(-248) and Inflation has NonCompact Split EVIII E8(8)

Our Universe emerged from Our Parent Universe
which is only one of many Universes in the huge Family of Universes:

Our Universe

%, Farthest
Slowing ” supernova
expansion

Time
(~15 billion years)

Big

< — >
Expanding universe

[ some of the FAMILY of UNIVERSES

Our Parent Universe

The First Stage of the Evolution of Our Universe
was the Initial Planck Cell Big Bang of Compact E8(-248)

B
Bang

a compact vacuum fluctuation in a single Planck-scale cell of Our Parent Universe.
That Planck cell (like all other Planck cells in any Universe) can be described by taking
the quotient of its 24-dimensional subspace modulo the 24-dimensional Leech lattice.
Its automorphism group is the largest finite sporadic group, the Monster Group, of order
8080, 17424, 79451, 28758, 86459, 90496, 17107, 57005, 75436, 80000, 00000 =
=2M6 .3°20 .59 .776 .1172 1373 .17.19.23.29.31.41.47.59.71 or about 8 x 10753.

E8 describes the physics in that Big Bang Planck Cell which is Compact so that the
Real Form of E8 representing the physics of the Big Bang Planck Cell

is E8(-248) with symmetric space E8 / SO(16) of dimension 128 and rank 8 and
isotropy representation Spin(16) that is Rosenfeld’s Elliptic Projective Plane (OxO)P2 .



Use of Compact structures in Physics Models

Robert Gilmore in Phys. Rev. Lett. 28 (1972) 462-464 showed that Armand Wyler’s

use to calculate force strengths and particle masses as ratios of volumes of compact
domains of unit radius instead of measures on noncompact projectively related domains
is juatified, saying “... the replacement of a divergent value by a finite

value can lead to a well-defined and significant result. The occurrence of the Euclidean
volumes V(Qn) and V(Dn) should be considered a strong point of Wyler's result, rather
than an objectionable feature. These volumes arise naturally as the normalizing
coefficients in the Poisson and Bergman kernels, which are reproducing functions and
are defined in a nonlinear way. The Poisson kernel is the image of a space-time scalar
Green's function, when both arguments of the kernel are on the boundary Qn of Dn ...
Wyler's work has pointed out that it is possible to map an unbounded physical domain -
the interior of the forward light cone - onto the interior of a bounded domain on which
there also exists a complex structure. This mapping should prove of immense
calculational value in the future. This transformation from unbounded to bounded
complex domains is mathematically rigorous, and is valid ...”.

My E8 Physics model makes use of Wyler’s valid technique in calculation of ratios of
force strengths and particle masses, and it seems clear to me that the validity extends
to use of both Compact E8(-248) and NonCompact Split EVIII E8(8) Real Forms.

Compact E8(-248) and NonCompact Split EVIII E8(8)
are both useful in describing E8 Physics of 8-dim Octonionic Spacetime
at High (from Planck through Inflation to End of Inflation) Energies.



The Second Stage of the Evolution of Our Universe was Octonionic Inflation

— Qctonionic Inflation
L

8
Bang

The Real Form of E8 representing the physics of Octonionic Inflation is E8(8)
with symmetric space E8 / SO(8,8).

Our Universe expands by Octonionic Inflation beyond its initial Big Bang Planck Cell to
form an Octonionic 8-dim Spacetime based on the 64 generators of the A7 x R center
of the Maximal Contraction Heisenberg Algebra of E8. Effectively, the 64 generators
correspond to 8 position x 8 momentum components of an 8-dim base manifold of an
E8 Lagrangian in which Spacetime 8v of 26D String Theory is represented by 8-branes
whose Planck-Scale Lattice Structure is that of superpositions of 8 types of E8 Lattice:
There is a 1-1 correspondence between Octonion Basis Elements and E8 Integral
Domains

1 <=>0E8

i<=>1ES8

j <=>2E8

k <=> 3E8

E <=>4E8

| <=>5E8

J <=>6E8

K<=>7ES8
where 1E8,2E8,3E8,4E8,5E8,6E8,7E8 are 7 independent Integral Domain E8 Lattices
and OES8 is an 8th E8 Lattice (Kirmse’s mistake) not closed as an Integral Domain.

1E8

and

Gauge Boson / Ghost terms are represented by the 28+28 = 56 axis root vectors
other than the 64 (blue) that correspond to A7 + R

and

Fermion ( 8s+ and 8s- of 26D String Theory ) terms are represented

by the 128 = (8+8)x8 off-axis root vectors of E8



The 26D Lagrangian Structure is

Lagrangian

D8/ D4xD4

= 8x8
position x momentum

A7+1
M4

having terms for

E8 / D8 Fermions (with Fermion Generations 2 and 3 from Quaternionic structure)
and

D4 Standard Model Gauge Bosons and Gravity Ghosts

and

D4 Conformal Gravity Gauge Bosons and Standard Model Ghosts

that is integrated over
D8 / D4xD4 (4+4)-dim M4 x CP2 Kaluza-Klein base manifold
with Higgs from the Mayer mechanism

The E8 Lagrangian is Chiral because

E8 contains CI(16) half-spinors (64+64) for a Fermion Generation

but does not contain CI(16) Fermion AntiGeneration half-spinors (64+64).

Fermion +half-spinor Particles with high enough velocity are seen as left-handed.
Fermion -half-spinor AntiParticles with high enough velocity are seen as right-handed.

The E8 Lagrangian obeys Spin-Statistics because

the CP2 part of M4xCP2 Kaluza-Klein has index structure Euler number 2+1 = 3 and

Atiyah-Singer index -1/8 which is not the net number of generations because

CP2 has no spin structure but you can use a generalized spin structure
(Hawking and Pope (Phys. Lett. 73B (1978) 42-44))

to get (for integral m) the generalized CP2 index n_R - n_L = (1/2) m (m+1)

Prior to Dimensional Reduction: m =1, n_R - n_L = (1/2)x1x2 = 1 for 1 generation
After Reduction to 4+4 Kaluza-Klein: m =2, n_R - n_L = (1/2)x2x3 = 1 for 3 generations



Hawking and Pope say: "Generalized Spin Structures in Quantum Gravity ...what
happens in CP2 ... is a two-surface K which cannot be shrunk to zero. ... However, one
could replace the electromagnetic field by

a Yang-Mills field whose group G had a double covering G~.

The fermion field would have to occur in representations which changed sign under the
non-trivial element of the kernel of the projection ... G~ -> G while the bosons would
have to occur in representations which did not change sign ...".

For the E8 model gauge bosons are in the 28+28=56-dim D4 + D4 subalgebra of ES.
D4 = SO(8) is the Hawking-Pope G which has double covering G~ = Spin(8).

The 8 fermion particles / antiparticles are D4 half-spinors represented within E8
by anti-commutators and so do change sign

while

the 28 gauge bosons are D4 adjoint represented within E8 by commutators
and so do not change sign.

E8 inherits from F4 the property whereby
its Spinor Part need not be written as Commutators
but can also be written in terms of Fermionic AntiCommutators.

Pierre Ramond has shown in hep-th/0112261 as shown that the exceptional Lie Algebra
F4 can be described using anticommutators as well as commutators.

The periodicity property of Real Clifford Algebras shows that E8 Spinor Fermions can
also be described using anticommutators as well as commutators

so that the E8 Physics model describes both Bosons and Fermions realistically.

Realistic Physics models must describe both

integer-spin Bosons whose statistics are described by commutators

(examples are Photons, W and Z bosons, Gluons, Gravitons, Higgs bosons)

and half-integer-spin Fermions whose statistics are described by anticommutators.
(examples are 3 generations of Electrons, Neutrinos, Quarks and their antiparticles)

Lie Algebra elements are usually described by commutators of their elements so
if a Physics model attempts to describe both Bosons and Fermions as elements
of a single unifiying Lie Algebra (for example, Garrett Lisi's E8 TOE)
a common objection is:
since the Lie Algebra is described by commutators,
it can only describe Bosons and cannot describe Fermions
therefore
models (such as Garrett Lisi's) using E8 as a single unifying Lie Algebra
violate the consistency of spin and statistics
and are wrong.

However,
Pierre Ramond has shown in hep-th/0112261 as shown that the exceptional Lie Algebra
F4 can be described using anticommutators as well as commutators.



The periodicity property of Real Clifford Algebras shows that E8 inherits from F4
a description using anticommutators as well as commutators so that

it may be possible to construct a realistic Physics model that uses

the exceptional Lie Algebra E8 to describe both Bosons and Fermions.

Here are relevant quotes from hep-th/0112261 by Pierre Ramond:
"... exceptional algebras relate tensor and spinor representations
of their orthogonal subgroups,
while Spin-Statistics requires them to be treated differently ...
all representations of the exceptional group F4 are generated by three sets
of oscillators transforming as 26. We label each copy of 26 oscillators as
Ak_ 0, Ak.,i=1,..,9, Bka,a=1,..,16,
and their hermitian conjugates, and where k =1, 2, 3.
... One can ...
use a coordinate representation of the oscillators by introducing real coordinates
...[ for A_i ]... which transform as transverse space vectors,
...[ for A_O0 ]... which transform ... as scalars,
and ...[ for B_a ]... which transform ... as space spinors
which satisfy Bose commutation rules ...
Under SO(9), the Ak_i transform as 9, Bk_a transform as 16, and Ak_0 is a scalar.
They satisfy the commutation relations of ordinary harmonic oscillators ...
Note that the SO(9) spinor operators satisfy Bose-like commutation relations ...
both A_0 and B_a ... obey Bose commutation relations
... Curiously,
if both ... A_O0 and B_a ... are anticommuting, the F4 algebra is still satisfied ...".

To see how the anticommuting property of the 16 B_a elements of F4
can be inherited by some of the elements of ES,
consider that 52-dimensional F4 is made up of:

28-dimensional D4 Lie Algebra Spin(8) (in commutator part of F4)

8-dimensional D4 Vector Representation V8 (in commutator part of F4)
8-dimensional D4 +half-Spinor Representation S+8 (in anticommutator part of F4)
8-dimensional D4 -half-Spinor Representation S-8 (in anticommutator part of F4)

Since 28-dimensional D4 Spin(8) is the BiVector part BV28
of the Real Clifford Algebra CI(8) with graded structure
Cl8)=1+V8+BV28+56+70+56+28 +8 + 1

and with Spinor structure

CI(8) = (S+8 + S-8) x (8 + 8)

F4 can be embedded in CI(8) (blue commutator part, red anticommutator part):
F4 =V8 + BV28 + S+8 + S-8

Note that V8 and S+8 and S-8 are related by the Triality Automorphism.



Also consider the 8-periodicity of Real Clifford Algebras,
according to which for all N

CI(8N) = CI(8) x ...(N times tensor product)... CI(8)
so that in particular CI(16) = CI(8) x CI(8)
where CI(16) graded structureis 1 + 16 + BV120 + 560 + ... + 16 + 1
and CI(16) Spinor structure is ( (S+64 + S-64) + (64 + 64) ) x (128 + 128)
and CI(16) contains 248-dimensional E8 as
E8 = BV120 + S+64 + S-64

where BV120 = 120-dimensional D8 Lie Algebra Spin(16)
and S+64 + S-64 = 128-dimensional D8 half-Spinor Representation

Consider two copies of F4 embedded into two copies of CI(8).
For commutator structure:
The tensor product of the two copies of CI(8) can be seen as
1+V8+BV28+56+70+56+28+8+1
1 +V8+BV28+56-:-(70+56+28+8+1
which produces the Real Clifford Algebra CI(16) with graded structure
1+16 +BV120 +560 + 1820 + ... + 16 + 1
where the CI(16) BiVector BV120 is made up of 3 parts
BV120 = BV28x1 + 1xBV28 + V8xV8
that come from the V8 and BV28 commutator parts of the two copies of F4.
This gives the commutator part of E8 as BV 120 inheriting commutator structure from the

two copies of F4 embedded in two copies of CI(8) whose tensor product produces
CI(16) containing ES8.



For anticommutator structure:
The tensor product of the two copies of 256-dim CI(8) can also be seen as

((S+8 +S-8)x (8+8))

((S+8 + S-g) x(8+8))
which produces the 2216 = 65,536 = 256x256-dim Real Clifford Algebra CI(16)

((S+8 + S-8) x (S+8 + S-8))
((8+8)§(8+8))
with 256-dimensional Spinor structure
((S+8 + S-8) x (S+8 + S-8)) =
= ((S+8 x S+8) + (S-8x S-8) ) + ((S+8 x S-8) + (S-8 x S+8) )

that comes from the S+8 and S-8 anticommutator parts of the two copies of F4.
Since the (S+8 x S-8) and (S-8 x S+8) terms inherit mixed helicities from F4
only the (S+8 x S+8) and (S-8 x S-8) terms inherit consistent helicity from F4.
Therefore, define S+64 = (S+8 x S+8) and S-64 = (S-8 x S-8)

so that
( S+64 + S-64 ) = 128-dimensional D8 half-Spinor Representation

This gives the anticommutator part of E8 as S+64 + S-64 inheriting anticommutator
structure from the two copies of F4 embedded in two copies of CI(8) whose tensor
product produces Cl(16) containing E8.



The result is that 248-dimensional E8 is made up of:
BV120 = 120-dimensional D8 Lie Algebra Spin(16) (commutator part of E8)

128-dimensional ( S+64 + S-64 ) D8 half-Spinor (anticommutator part of E8)

Note that since the V8 and S+8 and S-8 components of F4 are related by Triality,
and since

the E8 component BV120 contains 64-dimensional V8xV8

and

the 64-dimensional E8 component S+64 = S+8 x S+8

and

the 64-dimensional E8 component S-64 = S-8 x S-8

ES8 inherits from the two copies of F4 a Triality relation

V8xV8 = S+64 = S-64

The commutator - anticommutator structure of E8 allows construction of realistic
Physics models that not only unify both Bosons and Fermions within E8

but

also contain Triality-based symmetries between Bosons and Fermions

that can give the useful results of SuperSymmetry

without requiring conventional SuperPartner particles that are unobserved by LHC.

CONCLUSION:

Unified E8 Physics models can be constructed without violating spin-statistics.



F4 in CI(8) x F4 in CI(8) = E8 in CI(16) and Giza

That F4 in CI(8) x F4 in CI(8) = E8 in CI(16) may have been known
to the builders of the Pyramids at Giza.

B4 CP2 (Cnf6 -> M4) x CP2 B4 Cnf6 -> M4

D8
+sqrt(256) =16 =52 F4 = = +s rt(256) =16 =52 F4
e oA +(1/2) sqrt(65,536) = 128 = 248 E8 art(256)

x
256
=65,536

65,536 - 40 microns|

128 - 1 micron

| 52-dim F4 of CP2] in [256-dim Ci(e)|

F4 /B4 = OP2 = Spinor Fermions =
=8 Particles + 8 AntiParticles
B4 /D4 = 8-dim SpaceTime =
= Kaluza-Klein M4 x CP2
D4 = Spin(8) contains Spin(6) = SU(4)
contains SU(3) Color Force
SU(3) Color Force = Global Symmetry
of CP2 = SU(3)/ SU(2)xU(1)
SU(2)xU(1) ElectroWeak Force =
= Local Symmetry of CP2

F4 /B4 = OP2 = Spinor Fermions =
=8 Particles + 8 AntiParticles
B4 /D4 = 8-dim SpaceTime =
= Kaluza-Klein M4 x CP2
D4 = Spin(4,4) contains Spin(2,4) of
Conformal Gravity + Dark Energy

E8 Kaluza-Klein (Cnf6 -> M4) x CP2

In (CI(8) of CP2) x ( CI(8) of Cni6 -> M4 ) = CI(16) y

containing E8
at each of the 256 points of CI(8) of Cnf6 -> M4 Cross section

Cross section there are all 256 points of CI(8) of CP2

E8/ D8 = 128-dim Fermion Spinor Space = 8 components of 8+8 Fermions
D8/D4 x D4 = A7+1 = 64 = 8-dim position x 8-dim momentum
D4 containing D3 = Spin(2,4) = A3 = SU(2,2) for Conformal Gravity + Dark Energy
D4 containing D3 = SU(4) containing Color Force SU(3)

Giulio Magli in arXiv 0708.3632 and 1401.0508 and Journal of Cosmology, 2010, Vol 9, 2232-2244 said:
"... the two main pyramids of Giza together with their temples ... were conceived as
parts of a common project ...




Clifford Algebras were not known to European mathematicians until Clifford in the 19th
century and not known to European physicists until Dirac in the 20th century but

it seems to me that their structure was known to Africans in ancient times. For example,
the courses of the Great Pyramid of Giza correspond to the graded structure of CI(8):

141 and 848 Capstone ;+18

X Even C)(8) Grades 0,2, 4,6, 8
A 1428435 + 1428435 =64 + 64 =128

Odd CI(8) Grades 1,3,5,7

56+56 = 112 Courses 8456 + 8456 =64 + 64 = 128

35 Courses

ETT 'w

35 Underground

(image adapted from David Davidson image - for larger size see tony5m17h.net/GreatPyrCI8.png )
Above the Grand Gallery is a Great Void leading to Ceiling Chambers above the Upper
Chamber - (image from ScanPyramids web site)




Heavenly Spirit World (Complex Domain Lie Ball Type IV(4)(p=2))

Great Void
leading to
Ceiling Chambers

Grand Gallery
leading to

Upper Chamber
Earthly World of Humans (RP1 x S3 Shilov Boundary Lie Sphere)

The Builders of the Great Pyramid represented the Real Shilov Boundary Physical world
by the Grand Gallery and Upper Chamber that are easily accessible by Humans with
Microtubule Quantum Consciousness and

they represented the Imaginary Complex World of CI(16) Spacetime Cells mirroring the
Human Microtubule World as Ceiling Chamber spaces and the Great Void that are more
accessible to Souls of the Spirit World than to Physical Humans.
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As to when the Giza Pyramids and Sphinx were built, it could have been
about 36,000 years ago when Geminga shock wave hit and Vega was North Star.
36,000 years ago was the beginning of Manetho’s Rule of Gods on Earth

and was when humans migrated up the Nile River to Giza,
according to the National Geographic Genographic program

4 | 15-40,0000.c.
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The Builders of the Great Pyramid had migrated throughout the length of the Nile

along which substantially contiguous settlements enabled them to maintain enough
contact to maintain the details of the oral traditions of IFA so that when they built the
earliest of the pyramids, the Great Pyramid and the Second Pyramid, and Sphinx

they did not deface them with any writing but instead encoded the IFA Clifford Algebra in
the structure of the Pyramids themselves.

Manetho’s Rule of Gods on Earth ended 22,000 years ago when human genotype M35
left M96 and Africa to cross Mediterranean into the Middle East and Kosovo/Macedonia.
Manetho’s Rule by Demigods and Spirits of the Dead (22,000 to 11,000 BP)

ended after Ice Age when sea levels rose requiring agri-tech for survival.

Manetho’s Rule of Mortal Humans began 11,000 BP

which was about 25-26,000 years after the Geminga shock wave.

11,000 BP also had a supernova (Vela X) and Vega as North Star.



Ultraviolet Finiteness

Each Fermion part of the Fermionic Term has in 8-dim Spacetime units of mass( 7/2).
Each Gauge Boson + Ghost part of the Bosonic Term has units of mass”(1)
Since (8+8)x(7/2) = 56 = 28 + 28 the Fermionic Terms cancel the Bosonic Terms
the Lagrangian is UltraViolet finite.

and terms of Lagrangian have total weight 28 x 1 = 28
12 generators for SU(3) and U(2) Standard Model +
+ 16 generators for U(2,2) of Conformal Gravity =
= 28 D4 Gauge Bosons each with 8-dim Lagrangian weight = 1
AntiParticle term also has total weight 8 x (7/2) = 28
8 Fermion Particle/Antiparticle types each with 8-dim Lagrangian weight = 7/2

Since Boson Weight 28 = Fermion Weight 28
the CI(1,25) E8 model has a Subtle SuperSymmetry and is UltraViolet Finite.

Here is what Steven Weinberg says in his part of the book 1986 Dirac Lectures
Elementary Particles and the Laws of Physics: “...
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Fortunately almost all of the details are irrelevant for
the points that I want to make. Let me explain
briefly what all the symbols mean. # stands for
Lagrangian density; roughly speaking you can think



of it as the density of energy. Energy is the quantity
that determines how the state vector rotates with
time, so this i1s the role that the Lagrangian density
plays; it tells us how the system evolves. It’s written
as a sum of products of fields and their rates of
change. ¢ i1s the field of the electron (a function of
the spacetime position x), and m is the mass of the
electron. d/dx* means the rate of change of the field
with position. y* and o"” are matrices about which I
will say nothing, except that the y* matrices are
called Dirac matrices. 4, is the field of the photon,
called the electromagnetic field.

Looking in order at each term on the right-hand
side of the equation, the first term involves the
electron field twice, the next term involves the
photon field twice because the bracket is squared, the
third and fourth terms involve two electron fields and
one photon field, the fifth term involves four electron
fields, and so on. The symmetries of quantum
electrodynamics give us well-defined rules for the
construction of the terms in the Lagrangian, but
there are an infinite number of terms allowed, with
increasing numbers of fields, and also increasing
numbers of derivative operators acting on them. Each
term has an independent constant, called the
coupling constant, that multiplies it. These are the
quantities e, p, G,... in (1). The coupling constant



gives the strength with which the term affects the
dynamics. No coupling constants appear in the first
two terms simply because I have chosen to absorb
them into the definition of the two fields ¢ and Ay
If there were a constant in front of the first term,
for example, I would just redefine ¢ to absorb it.
But for all the other terms, infinity minus two of
them, there i1s a constant in front of each term. In
principle all these constants are there, and they are
all unknown. How in the world can you make any
money out of a theory like this?

In fact, it’s not that bad. Experimentally we know
that the formula consisting of just the first three
terms, with all higher terms neglected, is adequate to
describe electrons and photons to a fantastic level of
accuracy. This theory 1s known as quantum
electrodynamics, or QED.



it would be very easy to figure out what
contribution an observable gets from its cloud of
virtual photons and electron—positron pairs at very
high energy E. Let’s suppose an observable ¢ has di-
mensions [mass]™ % where a 1s positive. (Of course,
since the speed of light is one in these natural units,
mass and energy are essentially the same quantity.)
Now, at very high virtual-particle energy, E, much
higher than any mass, or any energy of a particle in
the initial or final state, there i1s nothing to fix a
unit of energy. The contribution of high energy
virtual particles to the observable ¢ must then be
given an integral like

0= (3)

because this is the only quantity which has the right
dimensions, the right units, to give the observable 0.
(The lower bound in the integral i1s some finite
energy that marks the dividing line between what we
call high and low energy.) This argument only works
because there are no other quantities in the theory
that have the units of mass or energy. All physicists
use this sort of argument from time to time,
especially when they can’t think of anything else to
do.

On the other hand, suppose that there are other



constants around that have units of mass raised to a
negative power. Then 1if you have an expression
involving a constant C, with units [mass]™#, and
another constant C, with units [mass]™® and so on,
then instead of the simple answer obtained above we
get a sum of terms of the form

oo EB1+By+ -

0=CG, - f Eatl dE (4)

again because these are the only quantities that have
the right units for the observable @. Expression (3) is
perfectly well-defined, the integral converges (it
doesn’t add up to infinity), as long as the number «
is greater than zero. However, if B, + B, + --- is
greater than «, then (4) will not be well-defined,
because the numerator will have more powers of
energy than the denominator and so the integral will
diverge. The point 1s that no matter how many
powers of energy you have in the denominator, 1.e.
no matter how large a is, (4) eventually will diverge
when you get up to sufficiently high order in the
coupling constants, C,, C,, etc., that have dimensions
of negative powers of mass, because if you have
enough of these constants, then eventually B, +
is greater than a.
Looking at the Lagrangian density in (1), we can easily
work out what the units of the constant e, u,G, etc., are.



All terms in the Lagrangian density must have units
[mass]®, because length and time have units of inverse
mass and the Lagrangian density integrated over spacetime
must have no units. From the myy term, we see that the
electron field must have units [mass]’/?, because 2 + 2 + 1
= 4. The derivative operator (the rate of change operator)
has units of [mass)’, and so the photon field also has units
[mass]'. Now we can work out what the units of the
coupling constants are. As I said before, the electric charge
turns out to be a pure number, to have no units. But then
as you add more and more powers of fields, more and
more derivatives, you are adding more and more quantities
that have units of positive powers of mass, and since the
Lagrangian density has to have fixed units of [mass]?,
therefore the mass dimensions of the associated coupling
constants must get lower and lower, until eventually you
come to constants like p and G which have negative units
of mass. (Specifically, u has the units of [mass]™!, while G
has the wunits [mass]”2) Such terms in (1) would
completely spoil the agreement between theory and
experiment for the magnetic moment of the electron, so
experimentally we can say that they are not there to a
fantastic order of precision, and for many years it seems
that this could be explained by saying that such terms
must be excluded because they would give infinite results,
as in (4).



Coleman-Mandula

The Lagrangian has 8-dim Lorentz structure satisfying Coleman-Mandula
because its fermionic fundamental spinor representations are built

with respect to spinor representations for 8-dim Spin(1,7) spacetime.

The CI(1,25) E8 model has 8-dim Lorentz structure satisfying Coleman-Mandula
because its fermionic fundamental spinor representations are built

with respect to spinor representations for 8-dim Spin(1,7) spacetime.

The Quantum Theory of Fields

Volume II1
Supersymmetry
Steven Weinberg
Unlversity of Texas at Austin




32

Supersymmetry Algebras
in Higher Dimensions

Ever since the ground-breaking work of Kaluza! and Klein,? theorists have
from time to time tried to formulate a more nearly fundamental physical
theory in spacetimes of higher than four dimensions. This approach
was revived in superstring theories, which take their simplest form in
10 spacetime dimensions.> More recently, it has been suggested that the
various versions of string theory may be unified in a theory known as M
theory, which in one limit is approximately described by supergravity in
11 spacetime dimensions.* In this chapter we shall catalog the different
types of supersymmetry algebra possible in higher dimensions, and use
them to classify supermultiplets of particles.

32.1 General Supersymmetry Algebras

Our analysis of the general supersymmetry algebra in higher dimensions
will follow the same logical outline as the work of Haag, Lopuszanski,
and Sohnius® on supersymmetry algebras in four spacetime dimensions,
described in Section 25.2. The proof of the Coleman—Mandula theorem in
the appendix of Chapter 24 makes it clear that the list of possible bosonic
symmetry generators is essentially the same in d > 2 spacetime dimensions
as in four spacetime dimensions: in an S-matrix theory of particles, there
are only the momentum d-vector P#, a Lorentz generator J¥' = —J"#
(with g and v here running over the values 1, 2, ...,d — 1, 0), and various
Lorentz scalar ‘charges.’ (In some theories there are topologically stable
extended objects such as closed strings, membranes, etc., in addition
to particles, which make possible other conserved quantities, to which
we will return in Section 32.3.) The anticommutators of the fermionic
symmetry generators with each other are bosonic symmetry generators,
and therefore must be a linear combination of P#, J#*, and various
conserved scalars. This puts severe limits on the Lorentz transformation
properties of the fermionic generators, and on the superalgebra to which
they belong.

382
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We will first prove that the general fermionic symmetry generator must
transform according to the fundamental spinor representations of the
Lorentz group, which are reviewed in the appendix to this chapter, and
not in higher spinor representations, such those obtained by adding vector
indices to a spinor. As we saw in Section 25.2, the proof for d = 4 by
Haag, Lopuszanski, and Sohnius made use of the isomorphism of SO(4)
to SU(2) x SU(2), which has no analog in higher dimensions. Here we
will use an argument of Nahm,® which is actually somewhat simpler and
applies in any number of dimensions.

Since the Lorentz transform of any fermionic symmetry generator is
another fermionic symmetry generator, the fermionic symmetry generators
furnish a representation of the homogeneous Lorentz group O(d — 1,d)
(or, strictly speaking, of its covering group Spin(d — 1, 1)). Assuming that
there are at most a finite number of fermionic symmetry generators, they
must transform according to a finite-dimensional representation of the
homogeneous Lorentz group. All of these representations can be obtained
from the finite-dimensional unitary representations of the corresponding
orthogonal group O(d) (actually Spin(d)) by setting x4 = ix?. So let us
first consider the transformation of the fermionic generators under O(d).
For d even or odd, we can find d/2 or (d — 1)/2 Lorentz generators Jg,
J23, Jas,..., which all commute with each other, and classify fermionic
generators Q according to the values a4y, 623, ... that they destroy:

Var, 9l = —0u1Q, V23, Q] = —023Q, Was, Q] = —045Q, ... .
(32.1.1)
Since the finite-dimensional representations of O(d) are all unitary, the as
are all real.
Let us focus on one of these quantum numbers, ¢4, = w and refer to
any fermionic or bosonic operator O as having weight w if

[Ja1,0l=-wO, (32.1.2)
or, in terms of the Minkowski component Jo; = iJg1,
[J01 , O] =—iw0. (32.1.3)

The reason for concentrating on this particular quantum number is that
it has the special property of being the same for an operator and its Her-
mitian adjoint. This is because Jo; must be represented on Hilbert space
(though not on field variables or symmetry generators) by a Hermitian
operator, so that (remembering that w is real) the Hermitian adjoint of
Eq. (32.1.3) is

— [Jo1, 07] = +iw0", (32.1.4)

so O0° has the same weight as 0.
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Now consider the anticommutator {Q,Q"} of any fermionic symmetry
generator Q with its Hermitian adjoint. According to the Coleman-
Mandula theorem, it is at most a linear combination of P,, J,, and
scalars. To calculate the weights of the components of P,, we recall the
commutation relation (2.4.13)

I[Py, Jps] = NupPo — NuaPp

which shows that Py 4 P, has weight w = +1, while the other components
Py, P, ..., P;_; all have weight zero. In the same way, the commutation
relation (2.4.12) of the J,, with each other show that Jo; & Ji; with
i=2,3,...d—1 have weight w = +1, the J;; with both i and j between
2 and 4 — 1 have weight zero, Ji¢o has weight zero, and of course all
scalars have weight zero. We conclude then that all bosonic symmetry
generators have weight +1 or 0 and the anticommutator {Q, 0"} must be
a linear combination of operators with such weights. If Q has weight w
then {Q, 0"} has weight 2w, and it is manifestly non-zero for any non-zero
0, so each fermionic generator can only have weight 4-1/2. (Weight zero
is excluded by the connection between spin and statistics — fermionic
operators can only be constructed from odd numbers of operators with
half-integer weights.) Going back to the Euclidean formalism, since the
commutators of the particular 0(d) generator Jo; with all generators Q in a
representation of O(d) are given by Eq. (32.1.2) with w = 11/2, and there is
nothing special about the 01 plane, O(d) invariance requires that the same
is true for all O(d) generators J;;, so that all the os in Eq. (32.1.1) are £:1/2.
The only irreducible representations of the homogeneous Lorentz group
with all os equal to 4-1/2 are the fundamental spinor representations, so
Q must belong to some direct sum of these representations.

We can also use this approach to show that the fermionic generators
Q all commute with the d-momentum P,. For this purpose, note that the
double commutator of a momentum operator Pg + P; of weight +1 with
any fermionic generator Q would have weight either +5/2 if Q has weight
+1/2 or weight +3/2 if Q has weight F1/2, and since we have found
that there are no fermionic symmetry generators of weight +3/2 or +5/2,
these double commutators must all vanish:

[Po + P1,[Py+ P1,Q]1 =0.
It follows then that ‘
[Po 4 P1,[Po £ P1,{Q, Q" }]] = —2{Q4+, 0%},
where
Q+ =[Po 1 P1,0] .
Now, {Q,0°} is at most a linear combination of Js, Ps, and scalar
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symmetry generators. The commutators of Py + P; with the Ps and scalar
symmetry generators vanish, while the commutators of Py + P; with the
Js are linear combinations of Ps, which commute with the other Py + Pi,
so the double commutator [Py & Py, [Po + P1,{Q,Q°}]] must vanish and
therefore {Q4, Q% } = 0, which implies that Q.. = 0. Since all members of
the representation of the Lorentz group provided by the Qs thus commute
with Py and P;, Lorentz invariance implies that all Qs commute with all
Ps, as was to be shown.

There is an important corollary that since the Lorentz generators J,,
do not commute with the momentum operators, they cannot appear on
the right-hand side of the anticommutation relations. For the moment let
us label the Qs as Q,, where n runs over the labels for the different (not
necessarily inequivalent) irreducible spinor representations among the Qs,
now including their adjoints Q°, and also over the index labelling members
of these representations. The general anticommutation relation is then of
the form

{Qn> Om} = ThnPy+ Zum » (32.1.5)

where the I'#,, are c-number coefficients and the Z,,, are conserved scalar
symmetry generators, which commute with the P, and J,,. We now want
to show that the Z,,, are central charges of the supersymmetry algebra —
that is, that they commute with the Q, and each other as well as with the
P, and J,, and all other symmetry generators.

To prove this for d > 4, note that for a given Z,, to be non-zero, since
it is a scalar all of the os in Eq. (32.1.1) must be opposite for @, and Q,,.
Consider another fermionic symmetry generator Q,, for which the as of
Eq. (32.1.1) are not all the same as those of either Q, or Qn. (For d > 4
there is always such a Q, in each set of Qs forming an irreducible spinor
representation of 0(d).) We apply the super-Jacobi identity

[Q, {Qm, Cn}l + [Qm, {Qn, Q3]+ [Qn, {Qr, Om}] =0.  (32.L6)

The anticommutators {Qn, Qs} and {Q;, O} are operators that have
some ¢s non-zero, so they can only be linear combinations of Ps rather
than Zs, and so must commute with all Qs. This leaves just

0=1[Qr,{Om, On}]l =[Qr, Zmn] . (32.1.7)

Thus in each set of Qs forming an irreducible spinor representation of
O(d) there is at least one that commutes with the given Z,,,. But Z,, is
a Lorentz scalar, so it must then commute with all Qs. It follows then
immediately from Eq. (32.1.5) that they also commute with each other.
The fermionic generators must form a representation (perhaps trivial)
of the algebra o/ consisting of all scalar bosonic symmetry generators.
It follows then by precisely the same argument used in Section 25.2 that
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the central charges Z,, furnish an invariant Abelian subalgebra of .«#.
The Coleman-Mandula theorem tells us that </ must be a direct sum
of a compact semi-simple Lie algebra, which by definition contains no
invariant Abelian subalgebras, together with U(1) generators, so the Z,,,
must be U(1) generators, which commute with all other bosonic symmetry
generators, not just with each other.

To obtain more detailed information about the structure of the anti-
commutation relations (32.1.5), we must be more specific about the
Lorentz transformation and reality properties of the fermionic symme-
try generators Q,. These are very different for spacetimes of even and odd
dimensionality.

Odd Dimensionality

The appendix to this chapter shows that for odd spacetime dimensions d
there is just one fundamental spinor representation of the Lorentz algebra,
by matrices #,, given in terms of Dirac matrices by Eq. (32.A.2), so we
must label the fermionic generators as Q, where a is a 264—1/2.valued
Dirac index, and r =1, 2, ..., N labels different spinors in the case of N-
extended supersymmetry. With this notation, the Lorentz transformation
properties of the Qs imply that

[Jpv s Qar] = Z(}m)aﬂ Qﬁr s (32-1-8)
B
so that the anticommutators of these generators have the transformation
rule
[Jpv ’ {Qar > Qﬁs}] == Z(fm)a&{Q&r ’ Q,Bs} - Z(fﬂv)ﬁB{Qar ’ Qﬁs} .
2 B
Recalling the Lorentz transformation rule (2.4.13) for the momentum

operator P;, we see that the matrix I'A, and the operator Z,; in Eq. (32.1.5)
(with Dirac indices now suppressed) must satisfy the conditions

fﬂv (rl)rs + (rl)rsfz‘v =—i (r;z)rsﬂv). + i(l"v),srm s (3219)
fuvzrs + erny =0. (32.1.10)

But Eq. (32.A.38) gives #,, = —%¢~! #,,%, so Eqgs. (32.1.9) and (32.1.10)
may be expressed as the requirement that (1";,),.,%‘1 satisfies the same
commutation relation (32.A.32) with ¢, as y,, while Z,;¢~! commutes
with #,,. For odd d the matrices satisfying these conditions are unique
up to multiplication with constants, so we can conclude that

rir ps = igrs (71 g)a,&‘ (32.1.11)



Octonionic NonUnitary Inflation Particle Creation
The tensor product CI(8) x CI(8) = CI(16)

1
16
120
560
1820
4368
8008
11440
1 1 12870
8 8 11440
28 28 8008
56 56 4368
70 x 70 = 1820
56 56 560

28 /2§?Azo
5 N 16
1/ 1 1

Ci(8) x Ci8) = Cl(16)

Spinors: ( 8s.8s!+ Sstc)
(8s+8¢) « (8s+8¢) = L4
(8s:8c+8c8s)

256 = sqrt(276) = 128 + 128 CI(16) spinors
128 CI(16) half-spinors = 64 + 64 fermions + antifermions
120 = CI(16) bivectors = D8 root vectors
120 + 64 + 64 = E8 root vectors
E8 / D8 = 128-dim (OxO)P2 OctoOctonionic Projective Plane
D8 / D4xD4 = Gr(8,16) = 64-dim Octonionic Subspaces of R16
( Gr = Grassmanian and R16 = Vectors of Clifford Cl(16) Matrix Algebra for D8 )
one D4 contains D3 of Conformal Gravity+Dark Energy
other D4 contains A3 of Standard Model Color Force SU(3)
(CP2 =SU(3) / SU(2)xU(1) of Kaluza-Klein contains SU(2)xU(1) of Electroweak Forces )
( Cl(16) = CI(0,16) lives in CI(1,25) of E8 26D String Theory )



One CI(1,25) containing one CI(0,16) containing one E8 gives a Lagrangian
description of one local spacetime neighborhood. To get a realistic global
spacetime structure, take the tensor product CI(1,25) x ... x CI(1,25) with all E8
local 8-dim Octonionic spacetimes consistently aligned as described by 64-dim
D8 / D4xD4 (blue dots) (this visualization hexagonal 2D projection of the 240 E8 root vectors).

which then fill up spacetime according to Gray Code Hilbert's curves:

S~




Our Universe emerged from its parent in Octonionic Inflation

QOur
Parent Universe

As Our Parent Universe expanded to a Cold Thin State Quantum Fluctuations occurred.
Most of them just appeared and disappeared as Virtual Fluctuations,

but at least one Quantum Fluctuation had enough energy to produce 64 Unfoldings

and reach Paola Zizzi's State of Decoherence

thus making it a Real Fluctuation that became Our Universe.

As Our Universe expands to a Cold Thin State, it will probably give birth
to Our Child, GrandChild, etc, Universes.

Unlike "the inflationary multiverse" decribed by Andrei Linde in arXiv 1402.0526 as
"a scientific justification of the anthropic principle",
in the CI(16,25 E8 model ALL Universes (Ours, Ancestors, Descendants)
have the SAME Physics Structure as E8 Physics ( viXra 1312.0036 and 1310.0182)

In the CI(1,25) E8 model,
our SpaceTime remains Octonionic 8-dimensional throughout inflation.

Stephen L. Adler in his book Quaternionic Quantum Mechanics and Quantum Fields (1995) said at
pages 50-52, 561: "... If the multiplication is associative, as in the complex and
quaternionic cases, we can remove parentheses in ... Schroedinger equation
dynamics ... to conclude that ... the inner product < f(t) | g(t) > ... is invariant ...

this proof fails in the octonionic case, and hence one cannot follow the standard
procedure to get a unitary dynamics. ...[so there is a]...

failure of unitarity in octonionic quantum mechanics ...".

Creation-Annihilation Operators are the 64-dim grade-0 part
of the E8 Maximal Contraction generalized Heisenberg Algebra
h92 x A7 = 28 + 64 + ((SL(8,R)+1) + 64 + 28

The NonAssociativity and Non-Unitarity of Octonions
accounts for particle creation without the need for a conventional inflaton field.



E8 Physics has Representation space for 8 Fermion Particles + 8 Fermion Antiparticles
on the original CI(1,25) E8 Local Lagrangian Region

where a Fermion Representation slot _ of the 8+8 = 16 slots can be filled

by Real Fermion Particles or Real Fermion Antiparticles -

IF the Quantum Fluctuation( QF ) has enough Energy to produce them as Real

and

IF the CI(1,25) E8 Local Lagrangian Region has an Effective Path from its QF Energy
to that Particular slot.

Let CI(16) = CI(8) x CI(8) contained in CI(1,25) where
the first CI(8) contains the D4 of Conformal Gravity with actions on M4 physical
spacetime whose CPT symmetry determines the property matter - antimatter.

Consider, following basic ideas of Geoffrey Dixon related to his characterization

of 64-dimensional spinor spaces as C x H x O ( C = complex, H = quaternion, O = ocrtonion ),
64-dim 64s++ = 8s+ x 8s+ of CI(8) x CI(8) = CI(16)

and

64-dim 64s+- = 8s+ x 8s- of CI(8) x CI(8) = CI(16)

so that

64s++ + 64s+- = 128s+ are +half-spinors of Cl(16) which is in E8

Then CI(16) contains

128-dim +half-spinor space 64s++ + 64s+- of Cl(16) in E8 = Fermion Generation

and

128-dim -half-spinor space 64s-+ + 64s-- of Cl(16) not in E8 = Fermion AntiGeneration

Since E8 contains only the 128 +half-spinors and none of the 128 -half-spinors of CI(16)
and

since, due to their +half-spinor property with respect to the first CI(8),

the 128s+ = 64s++ + 64s+- have only Effective Paths of QF Energy that go

to the Fermion Particle slots that are also of type +

that is, to the 8 Fermion Particle Representation slots

+

Next, consider the first Unfolding step of Octonionic Inflation. It is based on
all 16 = 8 Fermion Particle slots + 8 Fermion Antiparticle Representation slots
whether or not they have been filled by QF Energy.



7 of the 8 Fermion Particle slots correspond to the 7 Imaginary Octonions and

therefore to the 7 Independent E8 Integral Domain Lattices and

therefore to 7 New CI(1,25) E8 Local Lagrangian Regions.

The 8th Fermion Particle slot corresponds to the 1 Real Octonion and

therefore to the 8th E8 Integral Domain Lattice ( not independent - see Kirmse's mistake ) and
therefore to the 8th New CI(1,25) E8 Local Lagrangian Region.

Similarly, the 8 Fermion Antiparticle slots Unfold into 8 more New New CI(1,25) E8 Local
Lagrangian Regions, so that one Unfolding Step is a 16-fold multiplication

of CI(1,25) E8 Local Lagrangian Regions:

If the QF Energy is sufficient, the Fermion Particle content after the first Unfolding is

\\\' N
\\ N\
so it is clear that the Octonionic Inflation Unfolding Process

creates Fermion Particles with no Antiparticles,
thus explaining the dominance of Matter over AntiMatter in Our Universe.

L]

Each Unfolding has duration of the Planck Time Tplanck

and none of the components of the Unfolding Process Components are simultaneous,
so that the total duration of N Unfoldings is 2N Tplanck.

Paola Zizzi in gr-qc/0007006 said: "... during inflation,

the universe can be described as a superposed state of quantum ... [ qubits ].

the self-reduction of the superposed quantum state is ... reached at the end of

inflation ...[at]... the decoherence time ... [ Tdecoh = 1079 Tplanck = 107(-34) sec] ...

and corresponds to a superposed state of ... [ 10219 = 2464 qubits ]. ...".



Why decoherence at 64 Unfoldings = 2264 qubits ?
2764 qubits corresponds to the Clifford algebra Cl(64) = CI(8x8).
By the periodicity-8 theorem of Real Clifford algebras, CI(64) is the smallest Real
Clifford algebra for which we can reflexively identify each component CI(8)
with a vector in the CI(8) vector space. This reflexive identification/reduction causes
our universe to decohere at N = 264 = 1079
which is roughly the number of Quantum Consciousness Tubulins in the Human Brain.
The Real Clifford Algebra CI(8) is the basic building block of Real Clifford Algebras
due to 8-Periodicity whereby CI(8N) = CI(8) x ...(N times tensor product)... x CI(8)
An Octonionic basis for the CI(8) 8-dim vector space is {1,i,j,k,E,I,J,K}
NonAssociativity, NonUnitarity, and Reflexivity of Octonions is exemplified by
the 1-1 correspondence between Octonion Basis Elements and E8 Integral Domains
1 <=>0E8
i<=>1ES8
j <=>2ES8
k <=> 3E8
E <=>4ES8
| <=>5E8
J <=>6E8
K<=>7ES8
where 1E8,2E8,3E8,4E8,5E8,6E8,7E8 are 7 independent Integral Domain E8 Lattices
and OES8 is an 8th E8 Lattice (Kirmse’s mistake) not closed as an Integral Domain.
Using that correspondence expands the basis {1,i,j,k,E,l,J,K} to
{OE8,1E8,2E8,3E8,4E8,5E8,6E8,7E8}
Each of the E8 Lattices has 240 nearest neighbor vectors so the total dimension of the
Expanded Space is 240 x 240 x 240 x 240 x 240 x 240 x 240 x 240
Everything in the Expanded Space comes directly from the original CI(8) 8-dim space
so all Quantum States in the Expanded Space can be held in Coherent Superposition.
However,
if further expansion is attempted, there is no direct connection to original CI(8) space
and any Quantum Superposition undergoes Decoherence.
If each 240 is embedded reflexively into the 256 elements of CI(8) the total dimension is
256 x 256 x 256 x 256 x 256 x 256 x 256 x 256 = 256”8 = 2/\(8x8) = 264 =
= CI(8) x CI(8) x CI(8) x CI(8) x Cl(8) x ClI(8) x ClI(8) x ClI(8) = Cl(8x8) = Cl(64)
so the largest Clifford Algebra that can maintain Coherent Superposition is Cl(64)
which is why Zizzi Quantum Inflation ends at the CI(64) level.

At the end of 64 Unfoldings, Non-Unitary Octonionic Inflation ended having
produced about (1/2) 167264 = (1/2) (224)764 = 22255 = 6 x 10776 Fermion Particles

The End of Inflation time was at about 107(-34) sec = 2764 Tplanck
and
the size of our Universe was then about 107(-24) cm
which is about the size of a Fermion Schwinger Source Kerr-Newman Cloud.



Bohm Quantum Potential with Sarfatti Back-Reaction
and AQFT as Third Grothendieck Universe

The First Grothendieck Universe is the Empty Set.

The Second Grothendieck Universe is Hereditarily Finite Sets such as a
Generalized Feynman Checkerboard Quantum Theory
based on E8 Lattices and Discrete CI(1,25) Clifford Algebra.

The Third Grothendieck Universe is the Completion of Union of all tensor
products of CI(1,25) Real Clifford algebra

Since the CI(1,25) E8 Lagrangian is Local and Classical,
it is necessary to patch together Local Lagrangian Regions to form a Global Structure
describing a Global CI(1,25) E8 Algebraic Quantum Field Theory (AQFT).

The usual Hyperfinite [I11 von Neumann factor for creation and annihilation operators on
Fermionic Fock Space over C/A(2n) is constructed by completion of the union of all
tensor products of 2x2 Complex Clifford algebra matrices, which have Periodicity 2,

so for the CI(1,25) E8 model based on Real Clifford Algebras with Periodicity 8,
CI(1,25) = 2x2 matrices of Cl(0,24) where CI(0,24) = CI(0,8) x CI(0,8) x CI(0,8),

the completion of the union of all tensor products of Ci(1,25)

produces a generalized Hyperfinite II1 von Neumann factor

that gives the CI(1,25) E8 model a natural Algebraic Quantum Field Theory.

In other words,consider E8 to be Local Classical

and embed E8 into the real Clifford Algebra CI(0,16)

and use 8-Periodicity to form the Completion of the Union of all Tensor Products of
CI(0,16) which produces a natural realistic Algebraic Quantum Field Theory (AQFT).

The structure is related to unconventional 26D String Theory by

Cl(0,16) -> Cl(0,16)xClI(0,8) = CI(0,24) -> M(2,CI(0,24)) = CI(1,25)
where M(2,CI(0,24)) = 2x2 matrices with entries in CI(0,24) and x = tensor product.

Cl(0,24) contains the Vector Space of the 24-dim Leech Lattice A24 that is composed of
3 copies of E8 Lattices ( 2 being Integral Domains and 1 not Algebraically closed )
Since all the matrix entries are CI(0,24) = tensor product of 3 copies of CI(0,8)
8-Periodicity allows formation of the tensor products of copies of ClI(1,25) and therefore
the Completion of Union of All Tensor Products of Ci(1,25)

which is the String Theory formulation of the hyperfinite AQFT
with Real / Octonionic structure inherited from CI(0,8) and also Quaternionic structure
due to CI(1,25) = Cl(1,9)xCI(0,8)xCI(0,8) and CI(1,9) = CI(1,5) x CI(0,4) =
= Cl(2,4) x CI(0,4) where the vector space of Cl(2,4) is 6-dim Conformal Spacetime

(see “Clifford Algebras and the Classical Groups” by lan Porteous
and his Chapter 2 of “Lectures on Clifford (Geometric) Algebras and Applications”)



The overall structure of Cl(160-E8 AQFT is similar to the Many-Worlds picture
described by David Deutsch in his 1997 book "The Fabric of Reality" said (pages 276-283):

"... there is no fundamental demarcation between snapshots of other times and
snapshots of other universes ... Other times are just special cases of other universes ...
Suppose ... we toss a coin ... Each point in the diagram represents one snapshot

1

Heads
Spaning Predictably

headsy

Predictably il
w ]

iR

c—— — - —
Ingreasing clock readngs

... in the multiverse there are far too many snapshots for clock readings alone to locate
a snapshot relative to the others. To do that, we need to consider the intricate detail of
which snapshots determine which others. ...

in some regions of the multiverse, and in some places in space,

the snapshots of some physical objects do fall, for a period, into chains,

each of whose members determines all the others to a good approximation ...".

The Real Clifford Algebra Cl(1,25) containing E8 for the Local Lagrangian of a Region
is equivalent to a " snapshot" of the Deutsch "multiverse".

The completion of the union of all tensor products of all Cl(1,25) E8 Local Lagrangian
Regions forms a generalized hyperfinite [11 von Neumann factor AQFT

and emergently self-assembles into a structure = Deutsch multiverse.

For the CI(1,25) E8 model AQFT to be realistic, it must be consistent

with EPR entanglement relations. Joy Christian in arXiv 0904.4259 said:
“... a [geometrically] correct local-realistic framework ... provides

exact, deterministic, and local underpinnings ... The alleged non-localities
... result from misidentified [geometries] of the EPR elements of reality. ...
The correlations are ... the classical correlations [ such as those ]

among the points of a 3 or 7-sphere ... S3 and S7 ... are ... parallelizable ...
The correlations ... can be seen most transparently

in the elegant language of Clifford algebra ...”.

Since E8 is a Lie Group and therefore parallelizable

and lives in Clifford Algebra CI(1,25), the CI(1,25) E8 model is consistent with EPR.



The Creation-Annihilation Operator structure of CI(1,25) E8 AQFT is given by the
Maximal Contraction of E8 = semidirect product A7 x h92

where h92 = 92+1+92 = 185-dim Heisenberg algebra and A7 = 63-dim SL(8)

The Maximal E8 Contraction A7 x h92 can be written as a 5-Graded Lie Algebra
28 + 64 + (SL(8,R) + 1) + 64 + 28

Central Even Grade 0 = SL(8,R) + 1

The 1 is a scalar and SL(8,R) = Spin(8) + Traceless Symmetric 8x8 Matrices,

so SL(8,R) represents a local 8-dim SpaceTime in Polar Coordinates.
Odd Grades -1 and +1 =64 + 64

Each = 64 = 8x8 = Creation/Annihilation Operators for 8 components of 8 Fundamental Fermions.
Even Grades -2 and +2 = 28 + 28

Each = Creation/Annihilation Operators for 28 Gauge Bosons of Gravity + Standard Model.

The CI(1,25) E8 AQFT inherits structure from the CI(1,25)- 8 Local Lagrangian

f + + -AntiParticle

8-dim SpaceTime

The CI(1,25)-E8 generalized Hyperfinite 111 von Neumann factor Algebraic Quantum

Field Theory is based on the Completion of the Union of all Tensor Products of the form
CI(1,25) x ...(N times tensor product)... x CI(1,25)

For N = 278 = 256 the copies of Cl(1,25) are on the 256 vertices of the 8-dim
HyperCube

For N = 27216 = 65,536 = 478 the copies of CI(1,25) fill in the 8-dim HyperCube

as described by William Gilbert’s web page: “... The n-bit reflected binary Gray code
will describe a path on the edges of an n-dimensional cube that can be used as
the initial stage of a Hilbert curve that will fill an n-dimensional cube. ...".

The vertices of the Hilbert curve are at the centers of the 248 sub-8-HyperCubes whose
edge lengths are 1/2 of the edge lengths of the original 8-dim HyperCube



As N grows, the copies of CI(1,25) continue to fill the 8-dim HyperCube of E8
SpaceTime

using higher Hilbert curve stages from the 8-bit reflected binary Gray code
subdividing the initial 8-dim HyperCube into more and more sub-HyperCubes.

If edges of sub-HyperCubes, equal to the distance between adjacent copies of Cl(1,25),
remain constantly at the Planck Length, then the
full 8-dim HyperCube of our Universe expands as N grows to 2216 and beyond
similarly to the way shown by this 3-HyperCube example for N = 2A3, 473, 83
from Wiliam Gilbert’s web page:

The Union of all CI(1,25) tensor products is
the Union of all subdivided 8-HyperCubes
and
their Completion is a huge superposition of 8-HyperCube Continuous Volumes
which Completion belongs to the Third Grothendieck Universe.



AQFT Quantum Code

Cerf and Adami in quantum-ph/9512022 describe virtual qubit-anti-qubit pairs
(they call them ebit-anti-ebitpairs) that are related to negative conditional entropies for
quantum entangled systems and are similar to fermion particle-antiparticle pairs.
Therefore quantum information processes can be described by
particle-antiparticle diagrams much like particle physics diagrams and

the Algebraic Quantum Field Theory of the CI(1,25) E8 Physics Model

should have a Quantum Code Information System
that is based on structure of a unit cell in 26D String Theory
represented by Real Clifford Algebra CI(0,8) x CI(0,8) x CI(0,8) = CI(0,24)
(see Appendix - Details of World-Line String Bohm Quantum Theory)

Since Quantum Reed-Muller code [[ 256 , 0, 24 ]]
corresponds to
Real Clifford Algebra CI(0,8)

Tensor Product Quantum Reed-Muller code
[[256,0,24]1x[[256,0,24]] x[[256,0,24]]
corresponds to
AQFT (Algebraic Quantum Field Theory) hyperfinite von Neumann factor algebra
that is Completion of the Union of All Tensor Products of Ci(1,25)

Quantum Reed-Muller code [[ 256 , 0, 24 ]] is described in quantum-ph/9608026
by Steane as mapping a quantum state space of 256 qubits into 256 qubits,
correcting [(24-1)/2] = 11 errors, and detecting 24/2 = 12 errors.

Let C(n,t) =n!/t! (n-t)!

Then

[[ 256, 0, 24 ]] is of the form

[[ 2°n, 2°n - C(n,t) - 2 SUM(0 k t-1) C(n,k), 2°
[[ 2°8, 2"8 - C(8,4) - 2 SUM(0 k 3) C(8,k), 2"
[[ 2°8, 2°8 - 70 - (1+8+28456) - (1+8+28+56), 16 + 8 ]]
[[ 256, 256 — (1+8+28+56+70+56+28+8+1), 16
[[ 256, 16x16 — SUM(0 k 8) 8/\8/\..(k)../\8, 1

The quantum code [[ 256, 0, 24 ]] can be constructed
from the classical Reed-Muller code (256, 93, 32) of the form

( 278, 27”8 - SUM(0 k t) C(n,k), 27 (t+1) )
( 278, 2”8 - SUM(0 k 4) C(n,k), 275 )

( 278, 2”8 - (70+56+28+8+1), 32 )

( 278, 1+8+28+56, 32 )



To construct the quantum code [[ 256, 0, 24 ]] :

First, form a quantum code generator matrix
from the 128x256 generator matrix G of the classical code (256, 93, 32) :

G 0

0 G

Second, form the generator matrix of a quantum code of distance 16
by adding to the quantum generator matrix a matrix Dx such that
G and Dx together generate the classical Reed-Muller code (256, 163, 16) :

( 278, 1+8+28+56+70, 16 )
| | |
e | 0o
| | |
| o | & |
| | |
| bx | 0o |
| | |

This quantum code has been made by combining the classical codes
(256, 93, 32) and (256, 163, 16), so that it is of the form
[[ 256, 93 + 163 - 256, min(32,16) 1] = [[ 256, 0, 16 1].

It is close to what we want, but has distance 16.
For the third and final step, increase the distance to 16+8 = 24
by adding Dz to the quantum generator matrix:

| | |
| e | o |
| | |
o | & |
| | |
| Dx | Dz |
| | |

This is the generator matrix of the quantum code [[ 256, 0, 24 ]]
as constructed by Steane.



The two classical Reed-Muller codes used to build [[ 256, 0, 24 ]]

are (256, 163, 32) and (256, 93, 16),

classical Reed-Muller codes of orders 4 and 3, which are dual to each other.
Due to the nested structure of Reed-Muller codes,

they contain the Reed-Muller codes of orders 2, 1, and 0 :

Classical Reed-Muller Codes Order
of Length 278 = 256

( 256,  1+8+28+56+70+56+28+8+1, 1) 8
( 256, 1+8+28+56+70+56+28+8, 2 ) 7
( 256, 1+8+28+56+70+56+28, 4 ) 6
( 256, 1+8+28+56+70+56, 8 ) 5
( 256, 1+8+28+56+70, 16 ) 4
( 256, 1+8+28+56, 32 ) 3
( 256, 1+8+28, 64 ) 2
( 256, 1+8, 128 ) 1
( 256, 1, 256 ) 0

In the Lagrangian of the CI(1,25) E8 Physics Model

Lagrangian

eoms emohe

D8/ D4xD4

= 8x8
position x momentum

A7+1

M4

the Higgs scalar prior to dimensional reduction corresponds to the
Oth order classical Reed-Muller code (256, 1, 256), the classical repetition code;



the 8-dimensional vector spacetime

D8 / D4xD4

*« 8x8
position x momentum

A7+1
M4

prior to dimensional reduction corresponds to non-0th-order part of the
1st order classical Reed-Muller code (256, 9, 128),

which is dual to the 6th order classical Reed-Muller code (256, 247, 4),
which is the extended Hamming code,

extended from the binary Hamming code (255, 247, 3),

which is dual to the simplex code (255, 8, 128) ;

the 28-dimensional bivector adjoint gauge boson spaces

prior to dimensional reduction correspond to the non-1st-order part of the
2nd order classical Reed-Muller code (256, 37, 64) .



The 8 first generation fermion particles and 8 first generation fermion antiparticles
of the 16-dim full spinor representation of the 256-dimensional CI(0,8) Clifford algebra

e 20 »
.

® Sk »
.. eI »

correspond to the distance of the classical Reed-Muller code (256, 93, 16),
and to the 16-dimensional Barnes-Wall lattice A16, which lattice comes from the (16,5,8)
Reed-Muller code. Each A16 vertex has 4320 nearest neighbors.

The other 8 of the 16+8 = 24 distance of the quantum Reed-Muller code [[ 256, 0, 24 ]]
corresponds to the 8-dimensional vector spacetime, and to the 8-dimensional E8 lattice
which comes from the (8,4,4) Hamming code, with weight distribution 0(1) 4(14) 8(1).
It can also be constructed from the repetition code (8,1,1).
The dual of (8,1,1) is (8,7,2), a zero-sum even weight code,
containing all binary vectors with an even number of 1s.
Each E8 lattice vertex has 240 nearest neighbors. In Euclidean R8,
there is only one way to arrange 240 spheres so that they all touch one sphere,
and only one way to arrange 56 spheres so that they all touch
a set of two spheres in contact with each other,
and so forth, giving the following classical spherical codes:
(8,240,1/2), (7,56,1/3), (6,27,1/4), (5,16,1/5), (4,10,1/6), and (3,6,1/7).

( If you use an Octonion Integral Domain instead of Euclidean R8 without multiplication

then there are 7 algebraically independent ways to arrange the 240 spheres. )

The total 24 distance of the quantum Reed-Muller code [[ 256, 0, 24 ]]
corresponds to the 24-dimensional Leech lattice,
and to the classical extended Golay code (24, 12, 8)
in which lattice each vertex has 196,560 nearest neighbors. In Euclidean R24,
there is only one way to arrange 196,560 spheres so that they all touch one sphere,
and only one way to arrange 4600 spheres so that they all touch a set of two spheres in
contact with each other, and so forth, giving the following classical spherical codes:
(24,196560,1/2), (23,4600,1/3), (22,891,1/4), (21,336,1/5), (20,170,1/6), ... .



World-Line String Bohm Quantum Theory
A physically realistic Lattice Bosonic String Theory with Strings = World-Lines and
Monster Group Symmetry
containing gravity and the Standard Model
can be constructed consistently with the E8 physics model
248-dim E8 = 120-dim adjoint D8 + 128-dim half-spinor D8
= (28 + 28 + 64) + (64 + 64)

Paths in C8 / WE8 correspond to World-Lines of Observers acting as Bosonic Strings.
Andrew Gray in arXiv quant-ph/9712037 said:

“... probabilites are ... assigned to entire fine-grained histories ...

base[d] ... on the Feynman path integral formulation ...

The formulation is fully relativistic and applicable to multi-particle systems.

It ... makes the same experimental predictions as quantum field theory ...”.

Luis E. Ibanez and Angel M. Uranga in “String Theory and Particle Physics” said:

“... String theory proposes ... small one-dimensional extended objects, strings,

of typical size Ls = 1/ Ms, with Ms known as the string scale ...

As a string evolves in time, it sweeps out a two-dimensional surface in spacetime,
known as the worldsheet, which is the analog of the ... worldline of a point particle ...
for the bosonic string theory ... the classical string action is the total area spanned by
the worldsheet ... This is the ... Nambu— Goto action ...”.

In my unconventional view

the red line and the green line are different strings/worldlines/histories and
the world-sheet is the minimal surface connecting them,
carrying the Bohm Potential,
as Standard Model gauge bosons carry Force Potential between Point Particles.
The t world-sheet coordinate is for Time of the string-world-line history.
The sigma world-sheet coordinate is for Bohm Potential Gauge Boson at a given Time.

(images adapted from “String Theory and Particle Physics” by Ibanez and Uranga )



Further, Ibanez and Uranga also said:
“... The string groundstate corresponds to a 26d spacetime tachyonic scalar field T( x).
This tachyon ... is ... unstable

The massless two-index tensor splits into irreducible representations of SO( 24) ...
Its trace corresponds to a scalar field, the dilaton ¢, whose vev fixes the string
interaction coupling constant gs

the antisymmetric part is the 26d 2-form field BMN
The symmetric traceless part is the 26d graviton GMN ...”.

Closed string tachyons localized at orbifolds of fermions produce virtual clouds of
particles / antiparticles that dress fermions.

Dilatons are Goldstone bosons of spontaneously broken scale invariance that
(analagous to Higgs) go from mediating a long-range scalar gravity-type force
to the nonlocality of the Bohm-Sarfatti Quantum Potential.

The antisymmetric SO(24) little group is related to the Monster automorphism group
that is the symmetry of each cell of Planck-scale local lattice structure.

Joe Polchinski in “String Theory, Volume 1, An Introduction to the Bosonic String” said:
“... we find at m"2 = - 4 / alpha’ the tachyon,
and at m"2 = 0 the 24 x 24 states of the graviton, dilaton, and antisymmetric tensor ...”.

Must the 24x24 symmetric matrices be interpreted as the graviton ? - !!! NO !!!

The 24x24 Real Symmetric Matrices form the Jordan Algebra J(24,R).

Jordan algebras correspond to the matrix algebra of quantum mechanical states,
that is, from a particle physics point of view,
the configuration of particles in spacetime upon which the gauge groups act.

24-Real-dim space has a natural Octonionic structure of 3-Octonionic-dim space.
The corresponding Jordan Algebra is J(3,0) = 3x3 Hermitian Octonion matrices.

Their 26-dim traceless part J(3,0)o describes the 26-dim of Bosonic String Theory
and
the algebra of its Quantum States,
so that
the 24x24 traceless symmetric spin-2 particle is the Quantum Bohmion.



Joseph Polchinski, in his books String Theory vols. | and II( Cambridge 1998), says:
"... the closed ... unoriented ... bosonic string ... theory has the maximal 26-
dimensional Poincare invariance ... It is possible to have a consistent theory ...[with]...
the dilaton ... the [string-]graviton ...[and]... the tachyon ...[whose]... negative mass-
squared means that the no-string 'vacuum'is actually unstable ... ".

The dilaton of E8 Physics sets the Planck scale as the scale for

the 16 dimensions that are orbifolded fermion particles and anti-particles

and the 4 dimensions of the CP2 Internal Symmetry Space of M4xCP2 spacetime.
The remaining 26-16-4 = 6 dimensions are the Conformal Physical Spacetime with
Spin(2,4) = SU(2,2) symmetry that produces M4 Physical Spacetime

E8 Physics 26D String Theory Spacetime
10D = 6D Conformal Spacetime + 4D Compact CP2 Internal Symmetry Space
with CP2 = SU(3) / SU(2)xU(1) as unique Compactification
which specifies Gauge Groups of the Standard Model.

If Strings = World Lines and World Lines are past and future histories of particles,
then spin-2 string entities carry Bohm Quantum Potential with Sarfatti Back-
Reaction related to Cramer Transaction Quantum Theory.

Roger Penrose in "Road to Reality" (Knopf 2004) says: "... quantum mechanics ...
alternates between ... unitary evolution U ... and state reduction R ...

quantum state reduction ... is ... objective ... OR ...

it is always a gravitational phenomenon ... [A] conscious event ... would be ...
orchestrated OR ... of ... large-scale quantum coherence ... of ... microtubules ...".

String-Gravity produces Sarfatti-Bohm Quantum Potential with Back-Reaction.
It is distinct from the MacDowell-Mansouri Gravity of stars and planets.

The tachyon produces the instability of a truly empty vacuum state with no strings.
It is natural, because if our Universe were ever to be in a state with no strings,

then tachyons would create strings = World Lines thus filling our Universe with the
particles and World-Lines = strings that we see. Something like this is necessary for
particle creation in the Inflationary Era of non-unitary Octonionic processes.

Our construction of a 26D String Theory consistent with E8 Physics uses a structure
that is not well-known, so | will mention it here before we start:

There are 7 independent E8 lattices, each corresponding to one of the 7 imaginary
octionions denoted by iE8, JE8, kE8, EES8, IE8, JE8, and KE8 and related to both D8
adjoint and half-spinor parts of E8 and with 240 first-shell vertices. An 8th E8 lattice 1E8
with 240 first-shell vertices related to the D8 adjoint part of E8 is related to the 7
octonion imaginary lattices (viXra 1301.0150v2) .

It can act as an effectively independent lattice as part of the basis subsets

{1E8,EES8} or {1E8,iE8,]E8,KES8}.



With that in mind, here is the construction:

Step 1:
Consider the 26 Dimensions of Bosonic String Theory as
the 26-dimensional traceless part J3(O)o

a O+ Ov
O+* b O-
Ov* O-* -a-b

(where Ov, O+, and O- are in Octonion space with basis {1,i,j,k,E,I,J,K}
and a and b are real numbers with basis {1})
of the 27-dimensional Jordan algebra J3(O) of 3x3 Hermitian Octonion matrices.

Step 2:
Take a D3 brane to correspond to the Imaginary Quaternionic associative subspace
spanned by {i,j,k} in the 8-dimenisonal Octonionic Ov space.

Step 3:

Compactify the 4-dimensional co-associative subspace spanned by {E,|,J,K} in the
Octonionic Ov space as a CP2 = SU(3)/U(2), with its 4 world-brane scalars
corresponding to the 4 covariant components of a Higgs scalar.

Add this subspace to D3, to get D7.

Step 4:
Orbifold the 1-dimensional Real subspace spanned by {1} in the Octonionic Ov space
by the discrete multiplicative group Z2 = {-1,+1}, with its fixed points {-1,+1}
corresponding to past and future time. This discretizes time steps and gets rid of the
world-brane scalar corresponding to the subspace spanned by {1} in Ov. It also gives
our brane a 2-level timelike structure, so that its past can connect to the future of a
preceding brane and its future can connect to the past of a succeeding brane.
Add this subspace to D7, to get D8.
D8, our basic Brane, looks like two layers (past and future) of D7s.
Beyond D8 our String Theory has 26 - 8 = 18 dimensions, of which 25 - 8 have
corresponding world-brane scalars:
8 world-brane scalars for Octonionic O+ space;
8 world-brane scalars for Octonionic O- space;
1 world-brane scalars for real a space; and
1 dimension, for real b space, in which the D8 branes containing spacelike D3s are
stacked in timelike order.



Step 5:
To get rid of the world-brane scalars corresponding to the Octonionic O+ space, orbifold
it by the 16-element discrete multiplicative group
Oct16 = {+/-1,+/-i,+/-},+/-K,+/-E,+/-|,+/-J,+/-K}
to reduce O+ to 16 singular points {-1,-i,-j,-k,-E,-I,-J,-K,+1,+i,+j,+K,+E,+|,+J,+K}.

Let the 8 O+ singular points {-1,-i,-j,-k,-E,-1,-J,-K} correspond to
the fundamental fermion particles

{neutrino, red up quark, green up quark, blue up quark,
electron, red down quark, green down quark, blue down quark}
located on the past D7 layer of D8.

Let the 8 O+ singular points {+1,+i,+,+k,+E,+l,+J,+K} correspond to
the fundamental fermion particles

{neutrino, red up quark, green up quark, blue up quark,

electron, red down quark, green down quark, blue down quark}
located on the future D7 layer of D8.

The 8 components of the 8 fundamental first-generation fermion p
articles = 8x8 = 64 correspond to the 64 of the 128-dim half-spinor D8 part of ES8.
This gets rid of the 8 world-brane scalars corresponding to O+, and leaves:
8 world-brane scalars for Octonionic O- space;
1 world-brane scalars for real a space; and
1 dimension, for real b space, in which the D8 branes containing spacelike D3s are
stacked in timelike order.

Step 6:
To get rid of the world-brane scalars corresponding to the Octonionic O- space, orbifold
it by the 16-element discrete multiplicative group
Oct16 = {+/-1,+/-i,+/-},+/-K,+/-E,+/-|,+/-J,+/-K}
to reduce O- to 16 singular points {-1,-i,-j,-k,-E,-1,-J,-K,+1,+i,+j,+k,+E,+,+J,+K}.

Let the 8 O- singular points {-1,-i,-j,-k,-E,-l,-J,-K} correspond to the fundamental fermion
anti-particles {anti-neutrino, red up anti-quark, green up anti-quark, blue up anti-quark,
positron, red down anti-quark, green down anti-quark, blue down anti-quark}

located on the past D7 layer of D8.

Let the 8 O- singular points {+1,+i,+j,+k,+E,+l,+J,+K} correspond to the fundamental
fermion anti-particles {anti-neutrino, red up anti-quark, green up anti-quark, blue up anti-
quark, positron, red down anti-quark, green down anti-quark, blue down anti-quark}
located on the future D7 layer of D8.

The 8 components of 8 fundamental first-generation fermion anti-particles = 8x8 = 64
correspond to the 64 of the 128-dim half-spinor D8 part of E8.
This gets rid of the 8 world-brane scalars corresponding to O-, and leaves:

1 world-brane scalars for real a space; and



1 dimension, for real b space, in which the D8 branes containing spacelike D3s are
stacked in timelike order.

Step 7:
Let the 1 world-brane scalar for real a space correspond to a Bohm-type Quantum
Potential acting on strings in the stack of D8 branes.
Interpret strings as world-lines in the Many-Worlds, short strings representing virtual
particles and loops.

Step 8:

Fundamentally, physics is described on HyperDiamond Lattice structures.

There are 7 independent E8 lattices, each corresponding to one of

the 7 imaginary octionions. denoted by iE8, JE8, KE8, EES, |IE8, JE8, and KE8 and
related to both D8 adjoint and half-spinor parts of E8 and with 240 first-shell vertices.
An 8th 8-dim lattice 1E8 with 240 first-shell vertices related to

the E8 adjoint part of E8 is related to the 7 octonion imaginary lattices.

Give each D8 brane structure based on Planck-scale E8 lattices so that

each D8 brane is a superposition/intersection/coincidence of the eight E8 lattices.

( see viXra 1301.0150)

Step 9:
Since Polchinski says "... If r D-branes coincide ... there are r*2 vectors, forming the
adjoint of a U(r) gauge group ...", make the following assignments:

a gauge boson emanating from D8 from its 1E8 and EES8 lattices is
a U(2) ElectroWeak boson thus accounting for the photon and W+, W- and Z0 bosons.

a gauge boson emanating from D8 from its IE8, JE8, and KES lattices is
a U(3) Color Gluon boson thus accounting for the 8 Color Force Gluon bosons.

The 4+8 = 12 bosons of the Standard Model Electroweak and Color forces correspond
to 12 of the 28 dimensions of 28-dim Spin(8)
that corresponds to one of the 28 of the 120-dim adjoint D8 parts of E8.

a gauge boson emanating from D8 from its 1E8, iE8, jE8, and kES8 lattices is

a U(2,2) boson for conformal U(2,2) = Spin(2,4)xU(1) MacDowell-Mansouri gravity plus
conformal structures consistent with the Higgs mechanism and with observed Dark
Energy, Dark Matter, and Ordinary matter.

The 16-dim U(2,2) is a subgroup of 28-dim Spin(2,6)
that corresponds to the other 28 of the 120-dim adjoint D8 part of E8.



Step 10:
Since Polchinski says

"... there will also be r*2 massless scalars from

the components normal to the D-brane. ...

the collective coordinates ... X*u ... for the embedding

of n D-branes in spacetime are now enlarged to nxn matrices.

This 'noncummutative geometry' ...[may be]... an important hint
about the nature of spacetime. ...",

make the following assignment:

The 8x8 matrices for the collective coordinates

linking a D8 brane to the next D8 brane in the stack

are needed to connect the eight E8 lattices of the D8 brane
to the eight E8 lattices of the next D8 brane in the stack.

The 8x8 = 64 correspond to the 64 of the 120 adjoint D8 part of E8.

We have now accounted for all the scalars

and

have shown that the model has the physics content of the realistic E8 Physics model
with Lagrangian structure based on E8 = (28 + 28 + 64) + (64 + 64)

and

AQFT structure based on CI(1,25) with real Clifford Algebra periodicity

and generalized Hyperfinite [I1 von Neumann factor algebra.



26D String Theory structure can also be formulated directly in the Root Vector picture
using redundancy in the E8 description of Quantum States:
Fermion components carry 8-dim Spacetime information
so E8 / D8 = 8x8 + 8x8 can be reduced to 8+8
Spacetime position and momentum are redundant
so D8 / D4 x D4 = 8x8 can be reduced to 8
Gauge Bosons and Ghosts are redundant
so D4 x D4 = 28+28 can be reduced to 28 = 16 for Gravity + 12 for Standard Model

Elimination of Redundancy gives 8+8 + 8 + 28 = 52-dim F4 with 48 Root Vectors
forming a 24-cell plus its dual
52-dim F4 has 26-dim smallest non-trivial representation
which has structure of
J(3,0)o = traceless part of 27-dim exceptional Jordan Algebra J(3,0)
and is
the minimal structure containing the basic information of E8 Physics.
SO
E8 Physics Quantum Theory can be formulated in terms of 26-dim J(3,0)o.

The CI(1,25) E8 AQFT inherits structure from the CI(1,25) E8 Local Lagrangian

f + + -AntiParticle

8-dim SpaceTime

whereby World-Lines of Particles are represented by Strings moving in a space
whose dimensionality includes 8v = 8-dim SpaceTime Dimensions +

+ 8s+ = 8 Fermion Particle Types + = 8 Fermion AntiParticle Types

combined in the traceless part J(3,0)o of the 3x3 Octonion Hermitian Jordan Algebra

a 8v
8s+* b 8s-
8v* 8s-* -a-b
which has total dimension 8v + + 8s- + 2 = 26 and is the space of a

26D String Theory with Strings seen as World-Lines.

24 = 8v + + 8s- of the 26 dimensions of 26D String Theory correspond
to 24x8 = 192 of the 240 E8 Root Vectors by representing the 8v + + 8s- as
superpositions of their respective 8 components



D8 / D4xD4

= 8x8
position x momentum

A7+1
M4

8v SpaceTime is represented by D8 branes. A D8 brane has
Planck-Scale Lattice Structure superpositions of 8 types of E8 Lattice
denoted by 1E8, iE8, JE8, KE8, EES8, IE8, JE8, KE8

A single Snapshot of SpaceTime is represented by a D8 brane at each point of which
is placed Fermion Particles or AntiParticles represented by 8+8 = 16 orbifolded
dimensions of the 26 dimensions of 26D String Theory.
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It is necessary to patch together SpaceTime Snapshots to form a Global Structure
describing a Many-Worlds Global Algebraic Quantum Field Theory (AQFT)

whose structure is described by Deutsch in "The Fabric of Reality" (Penguin 1997 pp. 276-283):

"... there is no fundamental demarcation between snapshots of other times and
snapshots of other universes ... Other times are just special cases of other universes ...
Suppose ... we toss a coin ... Each point in the diagram represents one snapshot

... in the multiverse there are far too many snapshots for clock readings alone to locate
a snapshot relative to the others. To do that, we need to consider the intricate detail of
which snapshots determine which others. ...

in some regions of the multiverse, and in some places in space,

the snapshots of some physical objects do fall, for a period, into chains,

each of whose members determines all the others to a good approximation ...".

The Many-Worlds Snapshots are structured as a 26-dim Lorentz Leech Lattice
of 26D String Theory parameterized by the a and b of J(3,0)o

as indicated in this 64-element subset of Snapshots
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The 240 - 192 = 48 = 24+24 Root Vector Vertices of E8 that do not represent
the 8-dim D8 brane or the 8+8 = 16 dim of Orbifolds for Fermions
do represent the Gauge Bosons (and their Ghosts) of E8 Physics:

Gauge Bosons from 1ES8, iE8, JE8, and kE8 parts of a D8 give

Gauge Bosons from EES8 part of a D8 give
Gauge Bosons from IE8, JE8, and KE8 parts of a D8 give
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Each Deutsch chain of determination represents a World-Line of Particles / AntiParticles

corresponding to a String of 26D String Theory
such as the red line in this 64-element subset of Snapshots

26D String Theory is the Theory of Interactions of Strings = World-Lines.
Interactions of World-Lines can describe Quantum Theory
according to Andrew Gray ( arXiv quant-ph/9712037 ): “... probabilites are ... assigned to entire fine-
grained histories ... base[d] ... on the Feynman path integral formulation ...
The formulation is fully relativistic and applicable to multi-particle systems.
It ... makes the same experimental predictions as quantum field theory ...”.
Green, Schwartz, and Witten say in their book "Superstring Theory" vol. 1 (Cambridge 1986)
"... For the ... closed ... bosonic string [ 26D String Theory ] .... The first excited level ... consists of ... the
ground state ... tachyon ... and ... a scalar ... 'dilaton’' ... and ...
S0O(24) ... little group of a ...[26-dim]... massless particle ... and ...
a ... massless ... spin two state ...".
Closed string tachyons localized at orbifolds of fermions produce virtual clouds of particles / antiparticles
that dress fermions.
Dilatons are Goldstone bosons of spontaneously broken scale invariance that
(analagous to Higgs) go from mediating a long-range scalar gravity-type force
to the nonlocality of the Bohm-Sarfatti Quantum Potential.
The SO(24) little group is related to the Monster automorphism group that is
the symmetry of each cell of Planck-scale local lattice structure.

The massless spin 2 state = Bohmion = Carrier of the Bohm Force
of the Bohm Quantum Potential.



Roderick Sutherland (arXiv 1509.02442) gave a Lagrangian for the Bohm Potential
saying: “... This paper focuses on interpretations of QM in which the underlying reality is
taken to consist of particles have definite trajectories at all times ... An example ... is the
Bohm model ... This paper ... provid[es]... a Lagrangian ...[for]... the unfolding events ...
... describing more than one particle while maintaining a relativistic description

requires the introduction of final boundary conditions as well as initial,

thereby entailing retrocausality ...

In addition ... the Lagrangian approach pursued here to describe particle trajectories
also entails the natural inclusion of an accompanying field to influence the particle’s
motion away from classical mechanics and reproduce the correct quantum predictions.
In so doing, it is ... providing a physical explanation for why quantum phenomena exist
at all ... the particle is seen to be

the source of a field which alters the particle’s trajectory via self-interaction ...

The Dirac case ... each particle in an entangled many-particle state will be described by
an individual Lagrangian density ... of the form:
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... the ...[first]... term ...[is]... the ... Lagrangian densities for the PSI field alone ...
... sigma_o is the rest density distribution of the particle through space ... j is the current density ...
... ho_o and u are the rest density and 4-velocity of the probability flow ...”.

Jack Sarfatti extended the Sutherland Lagrangian to include Back-Reaction
entanglement.
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Cl2,4) CcP2 OP2 -

Conformal Particle Source Modifies Bohm Potential
Vectors

where a, b and VM4 form Cl(2,4) vectors and VCP2 forms CP2

and S+ and S- form OP2 so that

26D = 16D orbifolded fermions + 10D and 10D = 6D Conformal Space + 4D CP2 ISS
(ISS = Internal Symmetry Space and 6D Conformal contains 4D M4 of Kaluza-Klein
M4xCP2)

saying (linkedin.com Pulse 13 January 2016): “... the reason entanglement cannot be
used as a direct messaging channel between subsystems of an entangled complex
quantum system, is the lack of direct back-reaction of the classical particles and
classical local gauge fields on their shared entangled Bohmian quantum information
pilot wave ... Roderick. I. Sutherland ... using Lagrangian field theory, shows how to
make the original 1952 Bohm pilot-wave theory completely relativistic,




and how to avoid the need for configuration space for many-particle entanglement.
The trick is that final boundary conditions on the action

as well as initial boundary conditions influence what happens in the present.

The general theory is "post-quantum" ... and it is non-statistical ...

There is complete two-way action-reaction between quantum pilot waves

and the classical particles and classical local gauge fields ...

orthodox statistical quantum theory, with no-signaling ...[is derived]... in two steps,

first arbitrarily set the back-reaction (of particles and classical gauge field on their pilot
waves) to zero. This is analogous to setting the curvature equal to zero in general
relativity, or more precisely in setting G to zero.

Second, integrate out the final boundary information, thereby adding the statistical Born
rule to the mix. ...

the mathematical condition for zero post-quantum back-reaction of particles and
classical fields (aka "beables" J.S. Bell's term) is exactly de Broglie's guidance
constraint. That is, in the simplest case, the classical particle velocity is proportional to
the gradient of the phase of the quantum pilot wave. It is for this reason, that the
independent existence of the classical beables can be ignored in most quantum
calculations.

However, orthodox quantum theory assumes that the quantum system is
thermodynamically closed between strong von Neumann projection measurements that
obey the Born probability rule.

The new post-quantum theory in the equations of Sutherland, prior to taking the limit of
orthodox quantum theory, should apply to pumped open dissipative structures. Living
matter is the prime example. This is a clue that should not be ignored. ...”.

Jack Sarfatti (email 31 January 2016) said: “... Sabine [Hossenfelder]’s argument ...
"... two types of fundamental laws ... appear in contemporary theories.

One type is deterministic, which means that the past entirely predicts the future.

There is no free will in such a fundamental law because there is no freedom.

The other type of law we know appears in quantum mechanics and has an
indeterministic component which is random. This randomness cannot be influenced by
anything, and in particular it cannot be influenced by you, whatever you think “you” are.
There is no free will in such a fundamental law because there is no “will” - there is just
some randomness sprinkled over the determinism.

In neither case do you have free will in any meaningful way.”

... However ...[ There is a Third Way ]...

post-quantum theory with action-reaction between

quantum information pilot wave and its be-able is compatible with free will. ...”.



The Creation-Annihilation Operator structure of the Bohm Quantum Potential of
26D String Theory is given by the

Maximal Contraction of E8 = semidirect product A7 x h92
where h92 = 92+1+92 = 185-dim Heisenberg algebra and A7 = 63-dim SL(8)

The Maximal E8 Contraction A7 x h92 can be written as a 5-Graded Lie Algebra

28 + 64 + (SL(8,R) + 1) + 64 + 28
Central Even Grade 0 = SL(8,R) + 1

The 1 is a scalar and SL(8,R) = Spin(8) + Traceless Symmetric 8x8 Matrices,

so SL(8,R) represents a local 8-dim SpaceTime in Polar Coordinates.
Odd Grades -1 and +1 =64 + 64

Each = 64 = 8x8 = Creation/Annihilation Operators for 8 components of 8 Fundamental Fermions.
Even Grades -2 and +2 = 28 + 28

Each = Creation/Annihilation Operators for 28 Gauge Bosons of Gravity + Standard Model.

The 8x8 matrices linking one D8 to the next D8 of a World-Line String
give A7xR = U(8) representing Position x Momentum

8x8 Matrices
A7xR = U(8)

Position

X
Momentum




The Algebraic Quantum Field Theory ( AQFT ) structure of the Bohm Quantum
Potential of 26D String Theory is given by the CI(1,25) E8 Local Lagrangian

f + + -AntiParticle

8-dim SpaceTime

and by 8-Periodicity of Real Clifford Algebras,
as the Compiletion of the Union of all Tensor Products of the form

Cl(1,25) x ...(N times tensor product)... x CI(1,25)

For N = 2A8 = 256 the copies of Cl(1,25) are on the 256 vertices of the 8-dim
HyperCube

For N = 27216 = 65,536 = 418 the copies of CI(1,25) fill in the 8-dim HyperCube

as described by William Gilbert’s web page: “... The n-bit reflected binary Gray code
will describe a path on the edges of an n-dimensional cube that can be used as
the initial stage of a Hilbert curve that will fill an n-dimensional cube. ...".

The vertices of the Hilbert curve are at the centers of the 28 sub-8-HyperCubes whose
edge lengths are 1/2 of the edge lengths of the original 8-dim HyperCube

As N grows, the copies of CI(1,25) continue to fill the 8-dim HyperCube of E8
SpaceTime

using higher Hilbert curve stages from the 8-bit reflected binary Gray code
subdividing the initial 8-dim HyperCube into more and more sub-HyperCubes.

If edges of sub-HyperCubes, equal to the distance between adjacent copies of Cl(1,25),
remain constantly at the Planck Length, then the
full 8-dim HyperCube of our Universe expands as N grows to 2216 and beyond

similarly to the way shown by this 3-HyperCube example for N = 2A3, 413, 83
from Wiliam Gilbert’s web page:



The Union of all CI(1,25) tensor products is
the Union of all subdivided 8-HyperCubes
and
their Completion is a huge superposition of 8-HyperCube Continuous Volumes
which Completion belongs to the Third Grothendieck Universe.

26D String Theory Structure is

8x8 Matrices
ATxR = U(8)

Position
x
Momentum
168
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Green, Schwartz, and Witten, in "Superstring Theory" vol. 1, describe 26D String Theory
saying ".... The first excited level ... consists of ...
the ground state ... tachyon ...
and ... a scalar ... 'dilaton’' ...
and ... SO(24) ... little group of a ...[26-dim]... massless patrticle ...
and ... a ... massless ... spin two state ...".



Tachyons localized at orbifolds of fermions produce virtual clouds of
particles / antiparticles that dress fermions by filling their Schwinger Source regions.

Dilatons are Goldstone bosons of spontaneously broken scale invariance that
(analagous to Higgs) go from mediating a long-range scalar gravity-type force
to the nonlocality of the Bohm-Sarfatti Quantum Potential.

The SO(24) little group is related to the Monster automorphism group that is
the symmetry of each cell of Planck-scale local lattice structure.

The massless spin 2 state = Bohmion = Carrier of the Bohm Force
of the Bohm Quantum Potential.

Similarity of the spin 2 Bohmion to the spin 2 Graviton accounts for
the Bohmion’s ability to support Penrose Consciousness
with Superposition Separation Energy Difference G m*2/a
where, for a Human Brain, m = mass of electron and a = 1 nanometer in Tubulin Dimer
“... Bohm’s Quantum Potential can be viewed as
an internal energy of a quantum system ...”
according to Dennis, de Gosson, and Hiley ( arXiv 1412.5133)
and
Bohm Quantum Potential inherits Sarfatti Back-Reaction
from its spin-2 structure similar to General Relativity

Peter R. Holland says in "The Quantum Theory of Motion" (Cambridge 1993):
"... the total force ... from the quantum potential ... does not ... fall off with distance ...
because ... the quantum potential ... depends on the form of ...[the quantum state]...
rather than ... its ... magnitude ...".
Penrose-Hameroff-type Quantum Consciousness is due
to Resonant Quantum Potential Connections among Quantum State Forms.

The Quantum State Form of a Conscious Brain is determined by the configuration of a
subset of its 10718 to 10719 Tubulin Dimers described by a large Real Clifford Algebra.
Paola Zizzi in gr-qc/0007006 describes the Octonionic Inflation Era of Our Universe
as a Quantum Consciousness Superpositon of States ending with Self-Decoherence
after 64 doublings of Octonionic Inflation, at which time Our Universe is
“... a superposed state of quantum ... [ qubits ].
the self-reduction of the superposed quantum state is ... reached at the end of
inflation ...[at]... the decoherence time ... [ Tdecoh = 1079 Tplanck = 10/(-34) sec] ...
and corresponds to a superposed state of ... [ 10M9 = 2464 qubits ]. ...".
64 doublings to 264 qubits corresponds to the Clifford algebra

Cl(64) = CI(8x8) = CI(8) x CI(8) x CI(8) x CI(8) x CI(8) x CI(8 ) x CI(8) x CI(8)
By the periodicity-8 theorem of Real Clifford algebras, Cl(64) is the smallest Real
Clifford algebra for which we can reflexively identify each component CI(8)
with a basis vector in the CI(8) vector space.
This reflexive identification causes our universe to decohere at N = 264 = 10M9.
Octonionic Quantum Processes are Not Unitary and so can produce Fermions.

(see Stephen Adler's book "Quaternionic Quantum Mechanics ..." at pages 50-52 and 561).



At the end of 64 Unfoldings, Non-Unitary Octonionic Inflation ended having

produced about (1/2) 167264 = (1/2) (2"4)"64 = 27255 = 6 x 10776 Fermions.

At the End of Inflation Our Universe had Temperature / Energy 10727 K = 1014 GeV
so each of the 10777 Fermions had energy of 10714 GeV and collisions among them
would for each of the 10777 Fermions produce jets containing about 1072 particles of
energy 100 GeV or so so that the total number created by Inflation was about 10/89.

The End of Inflation time was at about 10/(-34) sec = 2264 Tplanck
and
the size of our Universe was then about 107(-24) cm
which is about the size of a Fermion Schwinger Source Kerr-Newman Cloud.
The 2764 qubits created by Inflation is roughly 10719 which is roughly
the number of Quantum Consciousness Tubulins in the Human Brain.
Therefore
the Human Brain Quantum Consciousness has evolved in Our Universe
to be roughly equivalent
to the Maximum Consciousness of Our Inflationary Era Universe.

Further,

each cell of E8 Lagrangian Spacetime corresponds to 65,536-dim CI(16)
which contains 248-dim E8 = 120-dim D8 bivectors +128-dim D8 half-spinors
Human Brain Microtubules 40 microns long have 65,536 Tubulin Dimers

( image adapted from 12biophys.blogspot.com Lecture 11)
and so
can have Bohm Quantum Resonance with Cl(16) Spacetime cells
so that at any and all Times
the State of Consciousness of a Human is in exact resonant correspondence with
a subset of the cells of E8 Classical Lagrangian Spacetime
Therefore
E8 Lagrangian Spacetime (as a Nambu-Jona-Lasinio Condensate)
is effectively the Spirit World
in which the Human States of Consciousness = Souls exist.
After the death of the Human Physical Body the Spirit World interactions with its Soul
are no longer constrained by Physical World interactions with its Body so that
the Spirit World can harmonize the individual Soul with the collective Universal Soul.



A Single Cell of E8 26-dimensional Bosonic String Theory,
in which Strings are physically interpreted as World-Lines,
can be described by taking the quotient of its 24-dimensional O+, O-, Ov
subspace modulo the 24-dimensional Leech lattice.
Its automorphism group is the largest finite sporadic group, the Monster Group,
whose order is
8080, 17424, 79451, 28758, 86459, 90496, 17107, 57005, 75436, 80000, 00000

2746 .3720 .579 776 .11A2 . 1373 .17.19.23.29.31.41.47.59.71
or about 8 x 10A53.

A Leech lattice construction is described by Robert A. Wilson in his 2009 paper
"Octonions and the Leech lattice":

"... The (real) octonion algebra is an 8-dimensional (non-division) algebra with an
orthonomal basis { 1=i00, i0,i1,i2,i3,i4,i5,i6 } labeled

by the projective line PL(7) ={ 00 }u F7

The E8 root system embeds in this algebra ... take the 240 roots to be ...

112 octonions ... +/- it +/- iu for any distinct t,u

... and ...

128 octonions (1/2)( +/- 1 +/- i0 +/- ... +/- i6 ) which have an odd number of minus
signs.

Denote by L the lattice spanned by these 240 octonions

Lets=(1/2)(-1+i0+...+i6)sosisinL... write R for Lbar ...

(1/2) (1 +i0)L=(1/2) R (1 +i0) is closed under multiplication ... Denote this ...by A
... WritingB=(1/2) (1 +i0)A (1 +1i0) ...from ... Moufang laws ... we have
LR=2B,and..BL=LandRB=R ..[als0]...2B =L sbar

the roots of B are

[ 16 octonions ]... +/- it for tin PL(7)

... together with

[ 112 octonions ... (1/2) ( +/- 1 +/- it +/- i(t+1) +/- i(t+3) ) ...for t in F7

... and ...

[ 112 octonions ]... (1/2) ( +/- i(t+2) +/- i(t+4) +/- i(t4+5) +/- i(t+6) ) ...for t in F7

the octonionic Leech lattice ... contains the following 196560 vectors of norm 4 |
where Misarootof Land jkareind ={+/-itltin PL(7) },
and all permutations of the three coordinates are allowed:

(2M,0,0) Number: 3x240 = 720
(Msbar, +/-(Msbar)j,0) Number: 3x240 x 16 = 11520
((Ms)j,+-Mk,+-(Mj)k) Number:3x240 x 16 x 16 = 184320



The key to the simple proofs above is the observation that LR = 2B and BL = L:
these remarkable facts appear not to have been noticed before ... some work ...

by Geoffrey Dixon ...". Geoffrey Dixon says in his book "Division Algebras, Lattices,
Physics, Windmill Tilting" using notation {e0,e1,e2,e3,e4,e5,e6,e7} for the Octonion
basis elements that Robert A. Wilson denotes by {1=i00,i0,i1,i2,i3,i4,i5 ,i6}

and | often denote by {1,i,j,k,E,I,J,K}: "...

EO = {:(-’a }.

Ep = {(+eq + ep + - + €4)/2 : a, b, ¢, d distinct,
ealepleceq)) = £1},

—even _ T 1=

= _ =0 =2,

E"glven —_ Span{Eet'en }.

| = {(+e, + €)/v/2 : a,bdistinct},

3= (Y7 _,+eq)/+/ : even number of +'s},
—odd __ ==
- _ =1 =3,
£8% = span{E°%}

(spans over integers) ...

Zeven has 16+224 = 240 elements ... =odd has 112+128 = 240 elements ...

E8even does not close with respect to our given octonion multiplication ...[but]...

the set Zeven[0-a], derived from Zeven by replacing each occurrence of €0 ... with ea,
and vice versa, is multiplicatively closed. ...".

Geoffrey Dixon's =even corresponds to B

Geoffrey Dixon's Zeven[0-a] corresponds to the seven At

Geoffrey Dixon's =odd corresponds to L

Ignoring factors like 2, j, k, and +/-1 the Leech lattice structure is:

(L,0,0) Number: 3x240 = 720

(B,B,0) Number: 3x240 x 16 = 11520
(Ls,L,L) Number: 3x240 x 16 x 16 = 184320
(Z0odd,0,0) Number: 3x240 = 720

(=Zeven, Zeven,0) Number: 3x240 x 16 = 11520
(Zodd s, =odd, =odd ) Number: 3x240 x 16 x 16 = 184320

My view is that the E8 domain B is fundamental
and the E8 domains L and L s are derived from it.

That view is based on analogy with the 4-dimensional 24-cell
and its dual 24-cell. Using Quaternionic coordinates {1,i,j,k}
the 24-cell of 4-space has one Superposition Vertex for each 16-region of 4-space.



A Dual 24-cell gives a new Superposition Vertex at each edge of the region.

+1, +1, 4, +K, (12)(+14i+j+k)

The Initial 24-cell Quantum Operators act with respect to 4-dim Physical Spacetime.
{1,i,j,k} represent time and 3 space coordinates.
(1/2)(+1+i+j+k) represents a fundamental first-generation Fermion particle/antiparticle
(there is one for for each of the 16-regions).
The Dual 24-cell Quantum Operators act with respect to 4-dim CP2 Internal Symmetry
Space. Since CP2 = SU(3)/SU(2)xU(1),
are permuted by S3 to form the Weyl Group of Color Force SU(3),
are permuted by S2 to form the Weyl Group of Weak Force SU(2),
is permuted by S1 to form the Weyl Group of Electromagnetic Force U(1).
The B-type 24-cell is fundamental because it gives Fundamental Fermions.
The L-type dual 24-cell is derivative because it gives Standard Model Gauge Bosons.

Robert A.Wilson in "Octonions and the Leech lattice" also said

"... B is not closed under multiplication ... Kirmse's mistake

...[ but]... as Coxeter ... pointed out ...

... there are seven non-associative rings At=(1/2) (1 +it)B (1 +it),

obtained from B by swapping 1 with it ... for tin F7 ...".

H. S. M. Coxeter in "Integral Cayley Numbers" (Duke Math. J. 13 (1946) 561-578) said
"... Kirmse ... defines ... an integral domain ... which he calls J1 [Wilson's B] ...[but]...

J1 itself is not closed under multiplication ... Bruck sent ... a revised description ...[of a]...
domain J ... derived from J1 by transposing two of the i's [imaginary Octonions]...

It is closed under multiplication ... there are ... seven such domains, since the
(7choose?2) = 21 possible transpositions fall into 7 sets of 3, each set having the same
effect. In each of the seven domains, one of the ... seven i's ... plays a special role, viz.,
that one which is not affected by any of the three transpositions. ...

J contains ... 240 units ... ". J is one of Wilson's seven At and, in Octonionic coordinates
{1,i,j,k,e,ie,je,ke}, is shown below with physical interpretation color-coded as

8-dim Spacetime Coordinates x 8-dim Momentum Dirac Gammas

8 First-Generation Fermion Particles x 8 Coordinate Components



112 = (16+48=64) + ( ) Root Vectors corresponding to D8:

1, *i, *j, tk, te, tie, *je, tke,

(¥1 *i te tie )/2

t 5 te tje )/2

+ tk te tke )/2

128 = 64 + Root Vectors corresponding to half-spinor of D8:
(*1 tie *je tke )/2

(1 tj  tk tie )/2

+1 *i tje )/2

1 i 15 tke )/2

The above Coxeter-Bruck J is, in the notation | usually use, denoted 7E8 .
It is one of Coxeter's seven domains (Wilson's seven {A0,A1,A2,A3,A4,A5,A6})
that | usually denote as { 1E8 , 2E8 , 3E8 , 4E8 , 5E8 , 6E8, 7E8 } .

Since the Leech lattice structure is

(L,0,0) Number: 3x240 = 720
(B,B,0) Number: 3x240 x 16 = 11520
(Ls,L,L) Number: 3x240 x 16 x 16 = 184320

if you replace the structural B with 7E8 and the Leech lattice structure becomes

(L ,0 ,0) Number: 3x240 = 720
(7E8,7E8,0 ) Number: 3x240 x 16 = 11520
(Ls ,L ,L) Number: 3x240 x 16 x 16 = 184320

and the Leech lattice of E8 26-dim String Theory is the Superposition of

8 Leech lattices based on each of { B, 1E8 , 2E8 , 3E8 , 4E8 , 5E8 , 6E8, 7E8 }
just as the D8 branes of E8 26-dim String Theory are each the Superposition of
the 8 domains{ B, 1E8 , 2E8 , 3E8 , 4E8 , 5E8 , 6ES8, 7E8 } .



Fundamental Fermion as Schwinger Source

The Fundamental Fermion Particle does not remain a single Planck-scale entity.
Tachyons create clouds of particles/antiparticles as described by Bert Schroer in
hep-th/9908021: "... any compactly localized operator applied to the vacuum generates
clouds of pairs of particle/antiparticles ... More specifically it leads to the impossibility of
having a local generation of pure one-particle vectors unless the system is interaction-free ...".

What is the structural form of the Fundamental Fermion Cloud ?

In "Kerr-Newman [Black Hole] solution as a Dirac particle", hep-th/0210103,

H. I. Arcos and J. G. Pereira say: "... For m"2 < a”2 + g2, with m, a, and q respectively
the source mass, angular momentum per unit mass, and electric charge, the Kerr-
Newman (KN) solution of Einstein's equation reduces to a naked singularity of circular
shape, enclosing a disk across which the metric components fail to be smooth ... due to
its topological structure, the extended KN spacetime does admit states with half-integral
angular momentum. ... The state vector ... evolution is ... governed by the Dirac
equation. ... for symmetry reasons, the electric dipole moment of the KN solution
vanishes identically, a result that is within the limits of experimental data ... a and m are
thought of as parameters of the KN solution, which only asymptotically correspond
respectively to angular momentum per unit mass and mass. Near the singularity, a
represents the radius of the singular ring ... With ... renormalization ... for the usual
scattering energies, the resulting radius is below the experimental limit for the
extendedness of the electron ...".

What is the size of the Fundamental Fermion Kerr-Newman Cloud ?
The FFKN Cloud is one Planck-scale Fundamental Fermion Valence Particle plus

an effectively neutral cloud of particle/antiparticle pairs. The symmetry of the cloud
is governed by the 24-dimensional Leech lattice by which the Single Cell was formed.



Here (adapted from Wikipedia ) is a chart of the Monster M and its relation to other
Sporadic Finite Groups and some basic facts and commentary:
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The largest such subgroups of M are B, Fi24, and Co1.

B, the Baby Monster, is sort of like a downsized version of M,
as B contains Co2 and Fi23 while M contains Co1 and Fi24.

Fi24 (more conventionally denoted Fi24') is of order 1255205709190661721292800

= 1.2 x 10724 It is the centralizer of an element of order 3 in the monster group M and
is a triple cover of a 3-transposition group. It may be that Fi24' symmetry has its origin in
the Triality of E8 26-dim String Theory.

The order of Co1 is 2421.379.574.7/2.11.13.23 or about 4 x 1078.

Aut(Leech Lattice) = double cover of Co1.

The order of the double cover 2.Co1 is 2422.379.5%4.7/2.11.13.23 or about 0.8 x 10M9.
Taking into account the non-sporadic part of the Leech Lattice symmetry

according to the ATLAS at brauer.maths.gmul.ac.uk/Atlas/v3/spor/M/

the maximal subgroup of M involving Co1 is 2/(1+24).Co1 of order
139511839126336328171520000 = 1.4 x 10726

As 2.Co1 is the Automorphism group of the Leech Lattice modulo to which the
Single Cell was formed, and as

the E8 26-dim String Theory Leech Lattice is a superposition of 8 Leech Lattices,
8 x 27(1+24).Co1 describes the structure of the FFKN Cloud. Therefore,

the volume of the FFKN Cloud should be on the order of 10727 x Planck scale, and
the FFKN Cloud should contain on the order of 10227 particle/antiparticle pairs
and its size should be somewhat larger than, but roughly similar to,

107M27/3) x 1.6 x 10°(-33) cm = roughly 10A(-24) cm.



The full 26-dimensional Lattice Bosonic String Theory can be regarded as an
infinite-dimensional Affinization of the Theory of a Single Cell.

James Lepowsky said in math.QA/0706.4072:

"... the Fischer-Griess Monster M ... was constructed by Griess as a symmetry
group (of order about 10754) of a remarkable new commutative but very, very
highly nonassociative, seemingly ad-hoc, algebra B of dimension 196,883. The
"structure constants" of the Griess algebra B were "forced" by expected properties of
the conjectured-to-exist Monster. It was proved by J. Tits that M is actually the full
symmetry group of B. ...

There should exist a (natural) infinite-dimensional Z-graded module for M (i.e.,
representation of M)
V = DIRSUM(n=-1,0,1,2,3,...) V_n ...

such that

... the graded dimension of the graded vector space V ... = ... SUM(n=-1,0,1,2,3,...)
(dimV_n)qg™n

where

J(q) = g/\(-1) + 0 + 196884q + higher-order terms,

the classical modular function with its constant term set to 0. J(q) is the suitably
normalized generator of the field of SL(2, Z)-modular invariant functions on the
upper half-plane, with g = exp( 2 pii tau ) , tau in the upper half-plane ...

Conway and Norton conjectured ... for every g in M (not just g = 1), the the
generating function

... the graded trace of the action of g on the graded space V ... = ...

SUM(n=-1,0,1,2,3,...) (trg 1 V_n) g"n

should be the analogous "Hauptmodul" for a suitable discrete subgroup of SL(2,R), a
subgroup having a fundamental "genus-zero property," so that its associated field of
modular-invariant functions has a single generator (a Hauptmodul) ... (... the graded
dimension is of course the graded trace of the identity element g = 1.) The Conway-
Norton conjecture subsumed a remarkable coincidence that had been noticed earlier

- that the 15 primes giving rise to the genus-zero property ... are precisely the
primes dividing the order of the ... Monster ...

the McKay-Thompson conjecture ... that there should exist a natural ... infinite-
dimensional Z-graded M-module V whose graded dimension is J(q) ... was

( constructively ) proved .... The graded traces of some, but not all, of the elements
of the Monster - the elements of an important subgroup of M, namely, a certain
involution centralizer involving the largest Conway sporadic group Co1 - were
consequences of the construction, and these graded traces were indeed (suitably)
modular functions ... We called this V "the moonshine module V[flat]" ...

The construction ... needed ... a natural infinite-dimensional "affinization" of
the Griess algebra B acting on V[flat]



This "affinization," which was part of the new algebra of vertex operators, is
analogous to, but more subtle than, the notion of affine Lie algebra .... More
precisely, the vertex operators were needed for a "commutative affinization" of a
certain natural 196884-dimensional enlargement B' of B, with an identity element
(rather than a "zero" element) adjoined to B. This enlargement B' naturally
incorporated the Virasoro algebra - the central extension of the Lie algebra of formal
vector fields on the circle - acting on V(flat] ...

The vertex operators were also needed for a natural "lifting" of Griess's action of M
from the finite-dimensional space B to the infinite-dimensional structure V[flat],
including its algebra of vertex operators and its copy of the affinization of B'.

Thus the Monster was now realized as the symmetry group of a certain explicit
"algebra of vertex operators" based on an infinite-dimensional Z-graded structure
whose graded dimension is the modular function J(q).

Griess's construction of B and of M acting on B was a crucial guide for us,
although we did not start by using his construction; rather, we recovered it, as a
finite-dimensional "slice" of a new infinite-dimensional construction using
vertex operator considerations. ...

The initally strange-seeming finite-dimensional Griess algebra was now embedded
in a natural new infinite-dimensional space on which a certain algebra of vertex
operators acts ... At the same time, the Monster, a finite group, took on a new
appearance by now being understood in terms of a natural infinite-dimensional
structure. ... the largest sporadic finite simple group, the Monster, was "really"
infinite-dimensional ...

The very-highly-nonassociative Griess algebra, or rather, from our viewpoint, the
natural modification of the Griess algebra, with an identity element adjoined,

coming from a "forced" copy the Virasoro algebra, became simply the conformalweight-
two subspace of an algebra of vertex operators of a certain "shape." ...

the constant term of J(q) is zero, and this choice of constant term, which is not
uniquely determined by number-theoretic principles, is not traditional in number
theory. It turned out that the vanishing of the constant term ... was canonically
"forced" by the requirement that the Monster should act naturally on VI[flat] and on
an associated algebra of vertex operators.

This vanishing of the degree-zero subspace of V[flat] is actually analogous in a
certain strong sense to the absence of vectors in the Leech lattice of square-length
two; the Leech lattice is a distinguished rank-24 even unimodular (self-dual) lattice
with no vectors of square-length two.

In addition, this vanishing of the degree-zero subspace of V[flat] and the absence of
square-length-two elements of the Leech lattice are in turn analogous to the absence



of code-words of weight 4 in the Golay error-correcting code, a distinguished selfdual
binary linear code on a 24-element set, with the lengths of all code-words

divisible by 4. In fact, the Golay code was used in the original construction of the
Leech lattice, and the Leech lattice was used in the construction of V[flat]

This was actually to be expected ... because it was well known that the
automorphism groups of both the Golay code and the Leech lattice are (essentially)
sporadic finite simple groups; the automorphism group of the Golay code is the
Mathieu group M24 and the automorphism group of the Leech lattice is a double
cover of the Conway group Co1 mentioned above, and both of these sporadic groups
were well known to be involved in the Monster ... in a fundamental way....

The Golay code is actually unique subject to its distinguishing properties
mentioned above ... and the Leech lattice is unique subject to its distinguishing
properties mentioned above ... Is V[flat] unique? If so, unique subject to what? ...
this uniqueness is an unsolved problem ...

V[flat] came to be viewed in retrospect by string theorists as an inherently stringtheoretic
structure: the "chiral algebra" underlying the Z2-orbifold conformal field
theory based on the Leech lattice.

The string-theoretic geometry is this: One takes the torus that is the quotient of
24-dimensional Euclidean space modulo the Leech lattice, and then one takes the
quotient of this manifold by the "negation" involution x -> -x, giving rise to an orbit
space called an "orbifold"&emdash;a manifold with, in this case, a "conical"

singularity. Then one takes the "conformal field theory" (presuming that it exists
mathematically) based on this orbifold, and from this one forms a "string theory" in
two-dimensional space-time by compactifying a 26-dimensional "bosonic string" on
this 24-dimensional orbifold. The string vibrates in a 26-dimensional space, 24
dimensions of which are curled into this 24-dimensional orbifold ...

Borcherds used ... ideas, including his results on generalized Kac-Moody algebras,
also called Borcherds algebras, together with certain ideas from string theory,
including the "physical space" of a bosonic string along with the "no-ghost
theorem" ... to prove the remaining Conway-Norton conjectures for the structure
V[flat] ... What had remained to prove was ... that ... the conjugacy classes outside
the involution centralizer - were indeed the desired Hauptmoduls ... He
accomplished this by constructing a copy of his "Monster Lie algebra" from the
"physical space" associated with V[flat] enlarged to a central-charge-26 vertex
algebra closely related to the 26-dimensional bosonic-string structure mentioned
above. He transported the known action of the Monster from V[flat] to this copy of
the Monster Lie algebra, and ... he proved certain recursion formulas ... ... he
succeeded in concluding that all the graded traces for V[flat] must coincide with the
formal series for the Hauptmoduls ...

this vertex operator algebra V[flat] has the following three simply-stated



properties ...

* (1) V[flat], which is an irreducible module for itself ... , is its only irreducible
module, up to equivalence ... every module for the vertex operator algebra V
[flat] is completely reducible and is in particular a direct sum of copies of
itself. Thus the vertex operator algebra V[flat] has no more representation
theory than does a field! ( | mean a field in the sense of mathematics, not
physics. Given a field, every one of its modules - called vector spaces, of
course - is completely reducible and is a direct sum of copies of itself. )

* (2) dim V[flat]_0 = 0. This corresponds to the zero constant term of J(q);

while the constant term of the classical modular function is essentially

arbitrary, and is chosen to have certain values for certain classical numbertheoretic
purposes, the constant term must be chosen to be zero for the

purposes of moonshine and the moonshine module vertex operator algebra.

* (3) The central charge of the canonical Virasoro algebra in V[flat] is 24. "24"
is the "same 24" so basic in number theory, modular function theory, etc. As
mentioned above, this occurrence of 24 is also natural from the point of view
of string theory.

These three properties are actually "smallness" properties in the sense of conformal
field theory and string theory. These properties allow one to say that V[flat]
essentially defines the smallest possible nontrivial string theory ... ( These
"smallness" properties essentially amount to: "no nontrivial representation theory,"
"no nontrivial gauge group," i.e., "no continuous symmetry," and "no nontrivial
monodromy"; this last condition actually refers to both the first and third "smallness"
properties.)

Conversely, conjecturally ... V[flat] is the unique vertex operator algebra with these
three "smallness" properties (up to isomorphism). This conjecture ... remains
unproved. It would be the conformal-field-theoretic analogue of the uniqueness of
the Leech lattice in sphere-packing theory and of the uniqueness of the Golay code
in error-correcting code theory ...

Proving this uniqueness conjecture can be thought of as the "zeroth step" in the
program of classification of (reasonable classes of) conformal field theories. M.
Tuite has related this conjecture to the genus-zero property in the formulation of
monstrous moonshine.

Up to this conjecture, then, we have the following remarkable characterization of the
largest sporadic finite simple group: The Monster is the automorphism group of
the smallest nontrival string theory that nature allows ... Bosonic 26-dimensional
space-time ... "compactified" on 24 dimensions, using the orbifold construction
V[flat] ... or more precisely, the automorphism group of the vertex operator algebra
with the canonical "smallness" properties. ...



This definition of the Monster in terms of "smallness" properties of a vertex operator
algebra provides a remarkable motivation for the definition of the precise notion of
vertex (operator) algebra. The discovery of string theory (as a mathematical, even if
not necessarily physical) structure sooner or later must lead naturally to the question
of whether this "smallest" possible nontrivial vertex operator algebra V . exists, and
the question of what its symmetry group (which turns out to be the largest sproradic
finite simple group) is.

And on the other hand, the classification of the the finite simple groups - a
mathematical problem of the absolutely purest possible sort - leads naturally to the
question of what natural structure the largest sporadic group is the symmetry group
of; the answer entails the development of string theory and vertex operator algebra
theory (and involves modular function theory and monstrous moonshine as well).

The Monster, a singularly exceptional structure - in the same spirit that the Lie
algebra E8 is "exceptional," though M is far more "exceptional" than E8 - helped
lead to, and helps shape, the very general theory of vertex operator algebras. (The
exceptional nature of structures such as E8, the Golay code and the Leech lattice in
fact played crucial roles in the construction of V(flat] ...

V[flat] is defined over the field of real numbers, and in fact over the field of rational
numbers, in such a way that the Monster preserves the real and in fact rational
structure, and that the Monster preserves a rational-valued positive-definite
symmetric bilinear form on this rational structure. ...

the "orbifold" construction of V[flat] ...[has been]... interpreted in terms of
algebraic quantum field theory, specifically, in terms of local conformal nets of
von Neumann algebras on the circle ...

the notion of vertex operator algebra is actually the "one-complex-dimensional
analogue" of the notion of Lie algebra. But at the same time that it is the "onecomplex-
dimensional analogue" of the notion of Lie algebra, the notion of vertex

operator algebra is also the "one-complex- dimensional analogue" of the notion of
commutative associative algebra (which again is the corresponding "one-
realdimensional"

notion). ... This analogy with the notion of commutative associative

algebra comes from the "commutativity" and "associativity" properties of the vertex
operators ... in a vertex operator algebra ...

The remarkable and paradoxical-sounding fact that the notion of vertex operator
algebra can be, and is, the "one-complex-dimensional analogue" of BOTH the notion
of Lie algebra AND the notion of commutative associative algebra lies behind much
of the richness of the whole theory, and of string theory and conformal field theory.

When mathematicians realized a long time ago that complex analysis was



qualitatively entirely different from real analysis (because of the uniqueness of
analytic continuation, etc., etc.), a whole new point of view became possible. In
vertex operator algebra theory and string theory, there is again a fundamental
passage from "real" to "complex," this time leading from the concepts of both Lie
algebra and commutative associative algebra to the concept of vertex operator
algebra and to its theory, and also leading from point particle theory to string
theory. ...

While a string sweeps out a two-dimensional (or, as we've been mentioning, one-
complex-dimensional) "worldsheet" in space-time, a point particle of course
sweeps out a one-real-dimensional "world-line" in space-time, with time playing
the role of the "one real dimension," and this "one real dimension" is related in spirit
to the "one real dimension" of the classical operads that I've briefly referred to - the
classical operads "mediating" the notion of associative algebra and also the notion of
Lie algebra (and indeed, any "classical" algebraic notion), and in addition
"mediating" the classical notion of braided tensor category. The "sequence of
operations performed one after the other" is related (not perfectly, but at least in
spirit) to the ordering ("time-ordering") of the real line.

But as we have emphasized, the "algebra" of vertex operator algebra theory and also
of its representation theory (vertex tensor categories, etc.) is "mediated" by an
(essentially) one-complex-dimensional (analytic partial) operad (or more precisely,

as we have mentioned, the infinite-dimensional analytic structure built on this).

When one needs to compose vertex operators, or more generally, intertwining
operators, after the formal variables are specialized to complex variables, one must
choose not merely a (time-)ordered sequencing of them, but instead, a suitable
complex number, or more generally, an analytic local coordinate as well, for each of
the vertex operators.

This process, very familiar in string theory and conformal field theory, is a reflection
of how the one-complex-dimensional operadic structure "mediates" the algebraic
operations in vertex operator algebra theory.

Correspondingly, "algebraic" operations in this theory are not instrinsically
"timeordered";

they are instead controlled intrinsically by the one-complex-dimensional
operadic structure. The "algebra" becomes intrinsically geometric.

"Time," or more precisely, as we discussed above, the one-real-dimensional
world-line, is being replaced by a one-complex-dimensional world-sheet.

This is the case, too, for the vertex tensor category structure on suitable module
categories. In vertex operator algebra theory, "algebra" is more concerned with one-
complex-

dimensional geometry than with one-real-dimensional time. ..."



ADE World-Line String Bohm Quantum Consciousness
( see Saul-Paul Sirag’s ADEX and Consciousness: A Hyperspace View (extensively paraphrased here ))

Universal Geometric Entity = completion of union of tensor products of ClI(1,25)
Each CI(1,25) contains Lie Algebra E8 corresponding to McKay Group Algebra
C[ID]
so E8 x C[ID] is basic Local Geometric Entity

Universal Body Physical World =
= 240 Root Vectors (120 pairs) of E8 Lie Algebra
240 E8 Root Vectors decompose into 112 of D8 and 128 of E7xA1
D8 = Bosonic Part = 8-dim Spacetime + Conformal Gravity + Standard Model
D8 contains two copies of 24 D4 Root Vectors
plus 63-dim SL(8) of unimodular 8-dim spacetime
plus 1-dim Center of a Creation-Annihilation Heisenberg Group
One D4 contains generators of Conformal Gravity plus Standard Model Ghosts
Other D4 contains Standard Model Generators plus Conformal Gravity Ghosts
E7xA1 = Fermionic Part = Fermion Particles + Fermion AntiParticles
The 126+2 = 128 Root Vectors of E7xA1 represent
8 components of 8 first-generation fermion particles = 64
plus
8 components of 8 first-generation fermion antiparticles = 64

WES8 = Weyl Group of E8 = 128x27x5x8! divides Complex 8-dim C8 into C8 / WES8

Universal Mind Mental World =
= 120 elements of C[ID] Group Algebra of ID McKay Group of E8
ID McKay Group of E8 decomposes into McKay Groups of D8 and E7xA1

McKay Group of D8 = Q6 =24 = 8x3x1 = vertices of 24-cell
McKay Group of E7xA1=20D = 96 = 8x3x4 = edges of 24-cell
McKay Group of E8 = ID =120 = 8x3x5 = vertices of 600-cell

MES8 = ID = McKay Group of E8 divides Complex Plane C2 into C2 / ME8

120 WES8 mirror planes in C8 are mapped into C8 / WES8
The point where all the mirrors intersect is the origin of C8 / WE8
to which is attached the identity fiber C2 / MES.
Paths in C8 / WE8 correspond to World-Lines of Observers.
(World-Lines = Bosonic Strings)
Each deformation of C2 / ME8 selects a different path in C8 / WE8 so
C2 / MES8 is the source of Mental Images of the Physical World.



E8 Dynkin Balance Numbers:
3

1-2-3-4-5-6-4-2

E8 Dynkin Representations:
147,250

248 - 30,380 - 2,450,240 - 146,325,270 - 6,899,079,264 - 6,696,000 - 3,875

E8 deformation mapping form:

Eg: =Xty +2+txt byt tig? T tien? T g
The 7D separatrix Z is in C8/ WES8 , since {t1,..., 18} are invariants of the E8 Coxeter
group (also called the Weyl group). Since there are 120 mirror hyperplanes in C8,

120 is the maximum number of points in the special orbits making up % in C8 / WES8 .

By contrast, the regular orbits have 128 x 27 x 5 x 8! = 696729600 elements, which is
the order of WE8 . These regular orbits are the points inside the chambers between the
7D walls of Z. Note that 128 x 27 x 5 is the product of the E8 balance numbers

(1,2, 3,4,5,6, 4, 2, 3), while 8! is 40320, the order of the Symmetric-8 group which
permutes the eight basic mirrors of E8 ... the sum of the squares of the E8 balance
numbers is (via the McKay correspondence) the dimension of ID ...

1 - The control parameters of the catastrophe bundle are {t1,..., t8}.

2 - The t8 parameter (always with 1 as coefficient) plays the role of time

along the many paths ramifying out from the origin of C8 / WES,

where there is attached the identity fiber C2 / MES .

3 - Movement along any of these paths corresponds to

the selection of different values of the control parameters, and thus different fibers
which entail an unfolding of the singularity structure C2 / MES8 .

4 - The changes in the fiber attached to a path are mild if the movement along the path
(while picking out different fibers) remains within a chamber of the separatrix.

If movement along the path crosses the separatrix, the change will be drastic.

5 - As fibers farther and farther from the origin in C8 / W are encountered

and more separatrix walls are crossed, the fibers become more unfolded.

Beyond the unfoldings of the fibers as described above,
the E8 Lie algebra itself provides the structures for the resolution
of the deformed (unfolded) fibers, including most importantly the identity fiber C2 / MES .

The Unfolding of the Mental Images of the Physical World
based on the Bosonic String World-Line Paths in C8 / WES8
corresponds to the Unfolding of the Bohm Implicate Order



Unfolding of the Implicate Order of Bohm Quantum Theory

The Unfolding can be clarified by the projection diagram:
(g.x)

(ZW.0)

where g is E8 and X is a subregular nilpotent element within the nilpotent variety in E8.
The Lie Group version of this projection diagram takes G(E8) to its maximal torus T
and thento T/ WES .
The projection tau is from E8 onto its Cartan subalgebra t.
The projection w is from t to the orbit space t / WES8, where 0 is the originint/WES .
The projection pi is from E8 to S which is
the 10-dim slice transverse to the nilpotent variety in E8
and s is a subregular (i.e., singular) element in this variety.
The nilpotent variety n in E8 is the identity fiber in the fiber bundle with projection
X: (E8,X) -> (t / WES, 0)
so the dimensionality of n is dim(E8) - dim(t /WES8) = (Coxeter #)(Rank) = 30x8 = 240
The projection phi maps the Kleinian singularity C2 / ME8 onto the origin of t / WES8
and as a universal deformation maps
unfolded versions of C2 /ME8 onto the parameters {t1, ..., 18} which are
homogeneous polynomial invariants of WES.
phi provides for the deformation (or unfolding) of the Kleinian singularities.
(THIS IS CONVENTIONAL BOHM PILOT ACTION)
the lifting of the slice S into the nilpotent variety n that provides for the
simultaneous resolution (or desingularization) of all the fibers in S.
(THIS IS JACK SARFATTI'S UNCONVENTIONAL BACKREACTION)
the most singular fiber is the identity fiber in S, the singularity structure C2 / MES.
In the process of desingularization,
the singular point evolves into a series of exceptional curves,
which are 1D complex projective lines P1 ,
which geometrically are a “bouquet” of 2D spheres which takes the form
of a dual structure to the E8 Coxeter graph. For E8, the Kleinian singularity C2 / ME8
has its singular point resolved into a bouquet of 8 (2D)-spheres

()()8() 000



The Unfolding of the Implicate Order originates at the Origin Singularity C2 / ME8
which has structure C2 / ID of the 600-cell

The resolution of the ADE singularity structure C2 / MES8 at the origin of C8 /WES8
where MES is a finite subgroup of SU(2) corresponding to the 600-cell

is accomplished by the lifting of C2 / ME8 to a higher dimensional space C8.
This lifting is a key part of the universal resolution of the unfolding of C2 / MES .

Lifting goes from Origin to an ALE (Asymptotically Locally Euclidean) space at Infinity.
The E8 ALE space is the E8 McKay group ID . ALE means that this 4D space looks like
a Euclidean space, except that the boundary at infinity is not the 3-sphere S3

(which is the boundary at infinity of R4) but is S3 / ID = 600-cell

As a hyper-Kahler (H-K) space it has a metric which respects three complex structures
I, J, K that obey the quaternion group formula 12 = J2 = K2 = |UK = -1

As a 4D H-K space an ALE space is not compact but at infinity looks like R4 / ME8

with boundary S3 / MES8 in the sense that the singular point becomes desingularized as
a “bouquet” of S2-spheres idual of the ADE Coxeter graph for E8 .
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The Unfolding of the Origin C2 /ME8 onto the parameters {i1, ... , 18} in the space C8

is along World-Line Strings emanating from the 120 vertices of the Origin 600-cell

and forms a Bosonic String Theory with 2D worldsheets swept out by World-Line Strings
and embedded in 26D spacetime reduced by orbifolding of fermions to 10D spacetime
which produces Standard Bohm Qantum Potential without Back-Reaction.

When the 120 basic World-Line Strings leading from the C2 / ID Origin 600-cell
connect up with the 120 vertices of the ALE S3 / ID 600-cell at Infinity

and
the corresponding 120 basic World-Line Strings back to the Origin C2 / ID 600-cell
are taken into account, you get Sarfatti-Bohm Quantum Potential with Back-Reaction.



“... Bohm’s Quantum Potential can be viewed as an internal energy of a quantum
system ...” according to Dennis, de Gosson, and Hiley ( arXiv 1412.5133 ) and

Peter R. Holland says in "The Quantum Theory of Motion" (Cambridge 1993): "... the total force ...
from the quantum potential ... does not ... fall off with distance ...

because ... the quantum potential ... depends on the form of ...[the quantum state]...
rather than ... its ... magnitude ...".

Penrose-Hameroff-type Quantum Consciousness is due
to Resonant Quantum Potential Connections among Quantum State Forms.
The Quantum State Form of a Conscious Brain is determined by
the configuration of a subset of its 10718 to 10719 Tubulin Dimers
with math description in terms of a large Real Clifford Algebra:

Resonance is discussed by Carver Mead in “Collective Electrodynamics® ( MIT 2000 ):
"... we can build ... a resonator from ... electric dipole ... configuration[s] ...
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[such as Tubulin Dimers ]
Because there are charges at the two ends of the dipole, we can have a contribution to
the electric coupling from the scalar potential ... as well [as] from the magnetic
coupling ... from the vector potential ... electric dipole coupling is stronger than magnetic
dipole coupling ... the coupling of ... two ... configurations ... is the same, whether
retarded or advanced potentials are used. Any ... configuration ... couples to any other
on its light cone, whether past or future. ... The total phase accumulation in a ...
configuration ... is the sum of that due to its own current, and that due to currents in
other ... configurations ... far away ...
The energy in a single resonator alternates between the kinetic energy of the electrons
(inductance), and the potential energy of the electrons (capacitance). With the two
resonators coupled, the energy shifts back and forth between the two resonators in
such a way that the total energy is constant ... The conservation of energy holds despite
an arbitrary separation between the resonators ... Instead of scaling linearly with the
number of charges that take part in the motion, the momentum of a collective system
scales as the square of the number of charges! ... The inertia of a collective system,
however, is a manifestation of the interaction, and cannot be assigned to the elements
separately. ... Thus, it is clear that collective quantum systems do not have a classical
correspondence limit. ...”.



For the 10218 Tubulin Dimers of the human brain,
the resonant frequencies are the same and exchanges of energy among them
act to keep them locked in a Quantum Protectorate collective coherent state.

Philip W. Anderson in cond-mat/0007287 and cond-mat/007185 said:

"... Laughlin and Pines have introduced the term "Quantum protectorate" as a general
descriptor of the fact that certain states of quantum many-body systems exhibit
properties which are unaffected by imperfections, impurities and thermal fluctuations.
They instance ... flux quantization in superconductors, equivalent to the Josephson
frequency relation which again has mensuration accuracy and is independent of
imperfections and scattering. ...

.. the source of quantum protection is a collective state of the quantum field involved
such that the individual particles are sufficiently tightly coupled that elementary
excitations no longer involve a few particles but are collective excitations of the whole
system, and therefore, macroscopic behavior is mostly determined by overall
conservation laws ... a "quantum protectorate" ...[ is ]... a state in which the many-
body correlations are so strong that the dynamics can no longer be described in
terms of individual particles, and therefore perturbations which scatter individual
particles are not effective ...".

Mershin, Sanabria, Miller, Nawarathna, Skoulakis, Mavromatos, Kolomenskii, Scheussler, Ludena, and
Nanopoulos in physics/0505080 “Towards Experimental Tests of Quantum Effects in Cytoskeletal

Proteins” said:
MR ™ R
" ] 30 ') " ] s
Classically, the various dimers can only be in the ... - - R
conformations. Each dimer is influenced by the neighboring dimers resulting in the
possibility of a transition. This is the basis for classical information processing,
which constitutes the picture of a (classical) cellular automaton.
If we assume ... that each dimer can find itself in a QM superposition of ...[ those ]...
states, a quantum nature results. Tubulin can then be viewed as a typical two-state
quantum mechanical system, where the dimers couple to conformational changes with
107(-9) - 10/(-11) sec transitions, corresponding to an angular frequency
~10MO0 - 10M2 Hz. In this approximation, the upper bound of this frequency range is
assumed to represent (in order of magnitude) the characteristic frequency of the dimers,
viewed as a two-state quantum-mechanical system ..[

The Energy Gap of our Universe as superconductor condensate spacetime is from 3 x 107(-18) Hz
(radius of universe) to 3 x 10743 Hz (Planck length). Its RMS amplitude is 1073 Hz = 10 THz = energy of
neutrino masses = critical temperature Tc of BSCCO superconducting crystal Josephson Junctions ]...

large-scale quantum coherence ...[ has been observed ]... at temperatures within a factor of
three of biological temperatures. MRl magnets contain hundreds of miles of superconducting
wire and routinely carry a persistent current. There is no distance limit - the macroscopic wave
function of the superfluid condensate of electron pairs, or Cooper pairs, in a sufficiently long
cable could maintain its quantum phase coherence for many thousands of miles ... there is no
limit to the total mass of the electrons participating in the superfluid state. The condensate is
“protected” from thermal fluctuations by the BCS energy gap at the Fermi surface ... The term
“quantum protectorate” ... describe[s] this and related many-body systems ...”.



The Human Brain has about 1071 Neuron cells, each about 1,000 nm in size.
The cytoskeleton of cells, including neurons of the brain, is made up of Microtubules

/—Dendritic Spine/Synaptic Receptor
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(image from “Orchestrated Objective Reduction of Quantum Coherence in Brain Microtubules:
The “Orch OR” Model for Consciousness” by Penrose and Hameroff )

Each Neuron contains about 1079 Tubulin Dimers, organized into Microtubules some
of which are organized by a Centrosome. Centrosomes contain a pair of Centrioles.

A Centriole is about 200 nm wide and 400 nm long. Its wall is made up
of 9 groups of 3 Microtubules, reflecting the symmetry of 27-dim J(3,0)

100 nm




Each Microtubule is a hollow cylindrical tube with about 25 nm outside diameter
and 14 nm inside diameter, made up of 13 columns of Tubulin Dimers
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( |IIustrat|ons and mformatlon about cells mlcrotubules and centrloles are from Molecular Blology of the
Cell, 2nd ed, by Alberts, Bray, Lewis, Raff, Roberts, and Watson (Garland 1989) )
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Each Tubulin Dimer is about 8 nm x 4 nm x 4 nm, consists of two parts, alpha-tubulin
and beta-tubulin ( each made up of about 450 Amino Acids, each containing roughly 20 Atoms )

A Microtubule 40 microns = 40,000 nm long contains 13 x 40,000 / 8 = 65,000 Dimers

(images adapted from nonlocal.com/hbar/microtubules.html by Rhett Savage )
The black dots indicate the position of the Conformation Electrons

There are two energetically distinct configurations for the Tubulin Dimers
Conformation Electrons Similarly Aligned (left image) - State 0
Conformation Electrons Maximally Separated (right image)

- State 1
The two structures - State 0 ground state and State 1 higher energy state -

make Tubulin Dimers the basis for a Microtubule binary math / code system



Microtubule binary math / code system corresponds
to Clifford Algebras CI(8) and CI(8)xCI(8) = CI(16) containing E8

256 x 256 = CI(16)

65,536 Tubulin Dimers
in 40 micron MicroTubule

A 40 micron Microtubule contains Dimers representing the 65,536 elements of CI(16)
which contains the 248 elements of Lie Algebra E8 that defines E8 Physics Lagrangian.

248 E8
16 x 16 AntiSymmetric = 120 = 120 D8 Vector
= D8 Vector Part of E8 =

128 D8 Half-Spinor

128 x 128 = Half of

1x 128 = Even Part of CI(16)
= D8 Half-Spinor 16,384 Tubulin Dimers
Part of E8 in 10 micron MicroTubule

ES8 lives in only half of the block diagonal Even Part half of Cl(16) so that
E8 of E8 Physics can be represented by the 16,384 Dimers of a 10 micron Microtubule.



According to 12biophys.blogspot.com Lecture 11 Microtubule structure is dynamic:
“... One end of the microtubule is composed of stable (GTP) monomers
while the rest of the tubule is made up of unstable (GDP) monomers.

The GTP end comprises a cap of stable monomers.

Random fluctuations either increase or decrease the size of the cap.

This results in 2 different dynamic states for the microtubule.

Growing: cap is present  Shrinking: cap is gone ...
growth

—_—

rescue catastrophe

-—

shnnkage

29 GTP-tubulin dimer @9 GDP-tubulin dimer
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Microtubules spend most of their lives between 10 microns and 40 microns,
sizes that can represent E8 as half of the Even Part (half) of CI(16) ( 10 microns )

248 E8 = 120 D8 Vector ] + 128 D8 Half-Spinor

u [T
128 x 128 = Half of
Even Part of Ci(16)
16,384 Tubulin Dimers
in 10 micron MicroTubule|
2 x (128 x 128) Even Part of CI(16) 256 x 256 = CI(16)
32,768 Tubulin Dimers 65,536 Tubulin Dimers
in 20 micron MicroTubule in 40 micron MicroTubule

or as the Even Part (half) of Cl(16) ( 20 microns ) or as full CI(16) ( 40 microns ).



In a given Microtubule

the 128 D8 Half-Spinor part ========————====is represented by a line of 128
Dimers in its stable GTP region

and

the 120 D8 Vector part D by a 12 x 10 block of Dimers in its stable GTP region
( image adapted from 12biophys.blogspot.com Lecture 11)

128 Dimer Line =128 x 8 = 1,024 nm = 1 micron
==
N 7
GTP tubulin molecules @ s - ——e
add to end of microtubule @@ \~
12 x10 = 120 Dimer Rectangle

protofilaments containing GDP tubulin are unstable and released

The image immediately above does not show how thin is the Microtubule.
The following image ( from micro.magnet.fsu.edu ) shows overall Microtubule shape

Animal Cell Micrograph

Microtubule
Network

How do the Microtubules communicate with each other ?

Consider the Superposition of States State 0 and State 1 involving one Tubulin Dimer
with Conformation Electron mass m and State1 / State 0 position separation a .

The Superposition Separation Energy Difference is the internal energy
E_ssediff =G m*2/a

that can be seen as either the energy of 26D String Theory spin two gravitons
or the Bohm Quantum Potential internal energy, equivalently.



Communication between two Microtubules is by the Bohm Quantum Potential
between their respective corresponding Dimers ( purple arrow )

with the correspondence being based on connection between respective E8 subsets,
the 128 D8 Half-Spinors ( red arrow ) and the 120 D8 BiVectors ( )
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How is information encoded in the Microtubules ?

Each Microtubule contains E8, allowing Microtubules to be corrrelated with each other.
The parts of the Microtubule beyond E8 are in CI(16) for 40 micron Microtubules,

or the Even Subalgebra of CI(16) for 20 micron Microtubules,

or half of the Even Subalgebra of CI(16) for 10 micron Microtubules

so since by 8-Periodicity of Real Clifford Algebras CI(16) = CI(8) x CI(8) and

since CI(8) information is described by the Quantum Reed-Muller code [[ 256 , 0, 24 ]]
the information content of Cl(16) and its Subalgebras is described by the

Tensor Product Quantum Reed-Muller code [[ 256 ,0,24 ]] x [[ 256, 0, 24 ]]

For a 40-micron Microtubule there are, outside the 248-E8 part, about 65,000 TD Qubits
available to describe one Quantum Thought State among about 265,000 possibilities,
analagous to the Book of Genesis of (22+5)"78,064 Hebrew Letter/Final possibilities.



65,536-dimensional CI(16) not only contains the E8 of E8 Physics

and the information content of Microtubules
but also contains the information content of DNA chromosome condensation

and the information content of mRNA triple - amino acid transformations.

In “Living Matter: Algebra of Molecules” (CRC Press 2016) Valery V. Stcherbic and
Leonid P. Buchatsky say: “... DNA structure contains four nucleotides:
adenine A, guanine G, and thymine T. ...
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... The Sugar-phosphate group consists of 2-deoxyribose and phosphoric acid residues.
DNA chain orientation is identified by carbon atoms of 2-deoxyribose: (5')CH2 and
(3")COH. The biological function of DNA and storage and transfer of genetic information
to daughter cells is based on specific, complimentary pairing of nucleotides:

Ais paired with T, and G with C.
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... The Sugar-phosphate group consists of 2-deoxyribose and phosphoric acid residues.
DNA chain orientation is identified by carbon atoms of 2-deoxyribose: (5')CH2 and
(3")COH. The biological function of DNA and storage and transfer of genetic information

to daughter cells is based on specific, complimentary pairing of nucleotides:
Ais paired with T, and G with C.



N—H o (8] H—N

dR \:('\ C—N dR N C

H 0 dR N=—H 0 dR

Figure 1.4 Potential vectors of hydrogen bond of DN A nucleotides.
Yellow arrows—acceptors, blue arrows—donors of hydrogen.

The space of DNA nucleotide states contains T23 ® C2"4 ® A2"5 ® G276 = 2M8
elements of Clifford algebras. This space reduction to four nucleotides means
compression of DNA information by a factor of 2218 / 4 = 65536.

Reduction of the nucleotide state space leads

to DNA compactization and chromosome condensation. ...”.

In “Chromosome Condensation and Cohesion” (eLS December 2010) Laura Angelica
Diaz-Martinez and Hongtau Yu say: “... The diploid human genome consists of 46
chromosomes, which collectively contain about 2m of deoxyribonucleic acid (DNA).
During mitosis, the genome is packaged into 46 pairs of sister chromatids,

each less than 10 um long. ...”.

The DNA information condensation factor of 65,536 is the dimension of CI(16)
which is
the Real Clifford Algebra containing 248-dim E8 of E8 Physics
as 120-dim bivector D8 plus 128-dim D8 half-spinor
and is also
the Clifford Algebra of Microtubule information in Quantum Consciousness.



Microtubule information = 65,536 = CI(16) = DNA condensation information

Wikipedia describes interaction of Microtubules with DNA in mitosis condensation: “...

Prometaphase
h 5 " Nudear membrane breaks down
romatin condenses 7 . .
into chromosomes /' __Kinetochore microtubules Metaphase
- invade nudear space, Chromosomes line up
' Nudeolus disappears and attach to kinetochores along metaphase plate
-Polar microtubules push {imaginary plane)
against each other, moving
centrosomes apart
tut
Anaphase . Telophase and Cytokinesis
Chromosomes break at ) Nuclear membrane reforms,
centromeres, and sister nudeoli reappear, chromosomes
chromatids move to opposite unwind into chromatin
he cel
I Myosin Il and actin filament ring

contract to cleave cell in two

... Micrograph showing condensed chromosomes in blue, kinetochores in pink, and

microtubules in green during metaphase of mitosis ...

...". Information lost by condensing DNA is stored in Microtubules through
Anaphase after which it has been restored to the new Duplicated DNA.



Stcherbic and Buchatsky also say: “... Ribonucleic acid (RNA) can also store genetic
information. A single RNA helix is seldom used as a carrier of genetic information (only
in some viruses); its main role is storing DNA sites as copies of individual proteincoding
genes (MRNA) or in formation of large structural complexes, e.g., ribosomes and
spliceosomes. At self-splicing, RNA may perform the function of an enzyme. RNA also
performs an important role during DNA replication. So called RNA-primers are
necessary to synthesize DNA complementary chains, although this fact is not obvious.
RNA contains sugar, ribose, which hydroxyl groups make more reactive than DNA.
Besides, RNA contains uracil U, which is somewhat lighter than thymine.

At translation of mRNA triplets into genetic code amino acids,
the dynamics of triplets to amino acids transformation should be taken into account.

At transition ... functional volume is equal to 3/5 = 243.

To this volume there should be added the volume of auxiliary spaces,

equalto 13=5+4+3 + 1.

Accordingly, we get

256 functions of mRNA triplet transformation into amino acids of the genetic code.
Reverse transition ... from amino acids ... to triplet ... needs 53 + 321 = 128 functions.
In addition, 128 triplets of mMRNA-tRNA pairing should be added to this number. ...”.

The 256 of mMRNA triplet to amino acids is represented by CI(8) Clifford algebra
and
the 128+128 = 256 of amino acids to mRNA triplets is representd by another CI(8)

so

that the mRNA triple - amino acid connection is represented by the tensor

product CI(8) x CI(8) which by 8-Periodicity of Real Clifford Algebras is the

Real Clifford Algebra CI(16)
which also contains 248-dim E8 of viXra 1508.0157 E8 Physics
and is also the Clifford Algebra
of Microtubule information in viXra 1512.0300 Quantum Consciousness.



What about information in the Many Microtubules of Human Consciousness ?

The information in one Microtubule is based on CI(16)
which is contained in the CI(1,25) of 26D String Theory E8 Physics
(see Chapter on E8 Quantum Theory)
How does this give rise to Penrose-Hameroff Quantum Consciousness ?

Consider the Superposition of States State 0 and State 1 involving one Tubulin Dimer
with Conformation Electron mass m and State1 / State 0 position separation a .
The Superposition Separation Energy Difference is the internal energy
E_ssediff =G m”*2/a
that can be seen as the energy of 26D String Theory spin two gravitons
which physically represent the Bohm Quantum Potential internal energy.
(see Appendix - Details of World-Line String Bohm Quantum Theory)

For a given Tubulin Dimer a = 1 nanometer = 10/(-7) cm so that
T =h/E_electron = ( Compton / Schwarzschild ) (a/c) = 10726 sec = 1079 years

Now consider the case of N Tubulin Dimers in Coherent Superposition
connected by the Bohm Quantum Potential Force that does not fall off with distance.
Jack Sarfatti defines coherence length L by LA3 = N a3 so that
the Superposition Energy E_N of N superposed Conformation Electrons is
E_N =G M”72 /L = NA(5/3) E_ssediff

The decoherence time for the system of N Tubulin Electrons is
T_N=h/E_N=h/NA5/3) E_ssediff = NA(-5/3) 10726 sec
so we have the following rough approximate Decoherence Times T_N

Number of Involved Time
Tubulin Dimers TN

10M(11+9) = 10720  107(-33 + 26) = 107(-7) sec 1071 neurons x 1079 TD / neuron
10720 Tubuin Dimers in Human Brain

10M6 107(-27 + 26) = 10/(-1) sec - 10 Hz
Human Alpha EEG is 8 to 13 Hz
Fundamental Schumann Resonance is 7.8 Hz
Time of Traverse by a String World-Line Quantum Bohmion of a Quantum
Consciousness Hamiltonian Circuit of 10M6 TD separated from nearest neighbors
by 10 nm is 10M6 x 10 nm /¢ = (106 x 107(-6)) cm /c = 10M0cm/c = 0.3 sec



Condensate Structure of Higgs and Spacetime

“... The Nambu Jona-Lasinio model ...

is a theory of Dirac particles with a local 4-fermion interaction and, as such, it belongs to
the same class of effective theories as the BCS theory of superconducting metals ...

the Nambu Jona-Lasinio model has very recently been applied to the standard model.
In this application the Higgs meson is a ttbar top quark mass excitation ...”.

( from Nambu Jona-Lasinio Models Applied to Dense Hadronic Matter, by Georges Ripka,
in a Workshop on Nuclear Physics, Iguazu Falls, 28 Aug - 1 Sep 1989 )

E8 Physics identifies the Higgs with Primitive ldempotents of the CI(8) real Clifford
algebra, so the Higgs is not seen as a simple-minded fundamental scalar particle,

but rather the Higgs is seen as a quantum process that creates a fermionic condensate
with which it interacts to make the fermions appear massive.

The Primitive Idempotent Higgs is part of my E8 Physics model

in terms of which the Primitive Idempotent Higgs is seen to do all the nice things

that the fundamental scalar particle Higgs needs to do,

and to be effectively a Higgs-Tquark system with 3 mass states.

The conventional Standard Model has structure:
spacetime is a base manifold;

particles are representations of gauge groups

gauge bosons are in the adjoint representation

fermions are in other representations (analagous to spinor)
Higgs boson is in scalar representation.

E8 Physics has 248-dim E8 = 120-dim adjoint D8 + 128-dim half-spinor D8) so:
spacetime is in the adjoint D8 part of E8 (64 of 120 D8 adjoints)

gauge bosons are in the adjoint D8 part of E8 (56 of the 120 D8 adjoints)
fermions are in the half-spinor D8 part of E8 (64+64 of the 128 D8 half-spinors.

There is no room for a fundamental Higgs in the E8 of E8 Physics.

However, for E8 Physics to include the observed results of the Standard Model
it must have something that acts like the Standard Model Higgs

even though it will NOT be a fundamental particle.

To see how the E8 Physics Higgs works,
embed E8 into the 256-dimensional real Clifford algebra CI(8):

CI(8) 256=1+8+28+56+70+56+28+8+1
Primitive 16 =1 + 6 + 1
Idempotent +8

E8 Root Vectors 240 = 8+28+56+56+56+28+8



The CI(8) Primitive Idempotent is 16-dimensional and can be decomposed

into two 8-dimensional half-spinor parts each of which is related by Triality

to 8-dimensional spacetime and has Octonionic structure. In that decomposition:
the 1+6+1 = (1+3)+(3+1) is related to two copies of

a 4-dimensional Associative Quaternionic subspace of the Octonionic structure
and

the 8 = 4+4 is related to two copies of

a 4-dimensional Co-Associative subspace of the Octonionic structure

(see the book “Spinors and Calibrations” by F. Reese Harvey)

The 8 = 4+4 Co-Associative part of the CI(8) Primitive Idempotent
when combined with the 240 E8 Root Vectors
forms the full 248-dimensional ES8.

It represents a Cartan subalgebra of the E8 Lie algebra.

The (1+3)+(3+1) Associative part of the CI(8) Primitive Idempotent
is the Higgs of E8 Physics.

The half-spinors generated by the E8 Higgs part of the CI(8) Primitive Idempotent
represent:
neutrino; red, green, blue down quarks; red, green, blue up quarks; electron
SO
the E8 Higgs effectively creates/annihilates the fundamental fermions and
the E8 Higgs is effectively a condensate of fundamental fermions.

In E8 Physics the high-energy 8-dimensional Octonionic spacetime reduces,
by freezing out a preferred 4-dim Associative Quaternionic subspace,

to a 4+4 -dimensional Batakis Kaluza-Klein of the form M4 x CP2

with 4-dim M4 physical spacetime.

Since the (1+3)+(3+1) part of the CI(8) Primitive Idempotent
includes the CI(8) grade-0 scalar 1
and 3+3 = 6 of the CI(8) grade-4 which act as pseudoscalars for 4-dim spacetime
and the CI(8) grade-8 pseudoscalar 1
the E8 Higgs transforms with respect to 4-dim spacetime as a scalar
(or pseudoscalar) and in that respect is similar to Standard Model Higgs.

Not only does the E8 Higgs fermion condensate transform with respect
to 4-dim physical spacetime like the Standard Model Higgs but
the geometry of the reduction from 8-dim Octonionic spacetime
to 4+4 -dimensional Batakis Kaluza-Klein, by the Mayer mechanism, gives
E8 Higgs the ElectroWeak Symmetry-Breaking Ginzburg-Landau structure.



Since the second and third fermion generations emerge dynamically from the
reduction from 8-dim to 4+4 -dim Kaluza-Klein, they are also created/annihilated
by the Primitive Idempotent E8 Higgs and are present in the fermion condensate.
Since the Truth Quark is so much more massive that the other fermions,
the E8 Higgs is effectively a Truth Quark condensate.
When Triviality and Vacuum Stability are taken into account,
the E8 Higgs and Truth Quark system has 3 mass states.

As to the Higgs in the E8 physics model

consider a generalized Nambu Jona-Lasinio model in which

the Higgs is a Fermion-AntiFermion condensate. As the most massive fermion,
the Truth Quark - AntiQuark pairs would be so dominant that the Higgs could be
effectively considered as a condensate of Truth Quark - Truth AntiQuark pairs

but the detailed picture would be as a condensate of Fermion - Anti-Fermion pairs
where there are 24 types of Fermions, each Quark coming in color R, G, or B:

E-Neutrino and Electron
Down Quark (R, G, B) and Up Quark (R, G, B)
M-Neutrino and Muon
Strange Quark (R, G, B) and Charm Quark (R, G, B)
T-Neutrino and Tauon
Beauty Quark (R, G, B) and Truth Quark (R, G, B)

so that there are 24 x 24 = 576 Fermion-AntiFermion pairs for each Higgs and each
Higgs can be in Bohm Quantum Resonance with 24 x 24 Bohm Quantum String states:
dilaton; antisymmetric Planck-cell group; and symmetric Bohm Quantum Potential.

As to Spacetime in the E8 physics model ( viXra 1602.0319 ),
consider a generalized Nambu Jona-Lasinio model in which
8-dim Classical Lagrangian Spacetime is a condensate of Geoffrey Dixon’s
64-dim Particle spinor T = RxCxHxO = Real x Complex x Quaternion x Octonion
and its corresponding 64-dim AntiParticle spinor Tbar.
The T - Tbar pairs of the condensate form the 128-dim part of E8
that lives in the CI(16) Real Clifford Algebra as
248-dim E8 = 120-dim bivector D8 + 128-dim half-spinor D8

By Triality, the D8 / D4xD4 = 64-dim part of E8 representing Spacetime is equivalent
to T and Tbar, with T representing Fermions and Tbar representing AntiFermions.



Each cell of E8 Classical Lagrangian Spacetime corresponds to 65,536-dim CI(16)
which contains 248-dim E8 = 120-dim D8 bivectors +128-dim D8 half-spinors

Human Brain Microtubules 40 microns long have 65,536 Tubulin Dimers
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and so
can have Bohm Quantum Resonance with CI(16) Spacetime cells
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(image from Wikipedia and Time )
so that at any and all Times
the State of Consciousness of a Human
is in exact resonant correspondence with
a subset of the cells of E8 Classical Lagrangian Spacetime

Therefore
E8 Classical Lagrangian Spacetime NJL Condensate is effectively the Spirit World
in which the Human States of Consciousness = Souls exist.
After the death of the Human Physical Body the Spirit World interactions with its Soul
are no longer constrained by Physical World interactions with its Body so that
the Spirit World can harmonize the individual Soul with the collective Universal Soul
by the process of Gehinnom whereby the Soul is prepared for Gan Eden.



End of Inflation and Low Initial Entropy

After the End of Inflation E8 Physics has a transition
from 8-dim Octonionic Spacetime to
(4+4)-dim Quaternionic Kaluza-Klein Spacetime M4 x CP2
where M4 is 4-dim physical Minkowski Spacetime
and CP2 = SU(3) / SU(2) x U(1) Internal Symmetry Space
so that
the Symmetric Space of E8 Physics goes from Octonionic SO(16) or SO(8,8)
to
Quaternionic Sk(8,H) = SO*(16)
therefore Compact E8(-248), with no SO*(16) symmetry, is no longer useful
and
the useful Real Forms of E8 for E8 Physics after Inflation are
NonCompact Split EVIII E8(8) with E8(8) / Sk(8,H) = E8(8) / SO*(16)

and

EIX E8(-24) with E8(-24) / Sk(8,H) = E8(-24) / SO*(16)

Roger Penrose in his book The Emperor's New Mind (Oxford 1989, pages 316-317) said:

"...in our universe ... Entropy ... increases ... Something forced the entropy to be low in
the past. ... the low-entropy states in the past are a puzzle. ...".

The key to solving Penrose's Puzzle is given by Paola Zizzi in gr-qc/0007006:

"... The self-reduction of the superposed quantum state is ... reached at the end of
inflation ...[at]... the decoherence time ... [ Tdecoh = 1079 Tplanck = 10(-34) sec] ...
and corresponds to a superposed state of ... [ 10219 = 2764 qubits ]. ...

... This is also the number of

superposed tubulins-qubits in our brain ... leading to a conscious event. ...".

The Zizzi Inflation phase of our universe ends with decoherence "collapse" of

the 2764 Superposition Inflated Universe into Many Worlds of Quantum Theory,

only one of which Worlds is our World. The central white circle is the Inflation Era in



which everything is in Superposition; the boundary of the central circle marks the
decoherence/collapse at the End of Inflation; and each line radiating from the central
circle corrresponds to one decohered/collapsed Universe World (of course, there are many
more lines than actually shown), only three of which are explicitly indicated in the image,
and only one of which is Our Universe World.

Since our World is only a tiny fraction of all the Worlds,
it carries
only a t