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E8 Time 
 

by Frank D. (Tony) Smith, Jr. - September 2008 
 

E8 is a unique and elegant structure: the maximal exceptional Lie 
algebra, generated by 248 elements that can be described in terms 
of 240 points (known as “root vectors”) arranged in a symmetric 8-
dimensional pattern. A projection of that pattern into two 
dimensions is: 

 
E8 has long been used in the context of superstring theory, such as 
in E8xE8 heterotic models, and in fact one of the best places to 
learn about E8 is to read the sections written by Ed Witten in the 
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classic 2-volume work “Superstring Theory” by Green, Schwarz 
and Witten (Cambridge 1987).  
An excellent pure math book about E8 is “Lectures on Exceptional 
Lie Groups” (Chicago 1996) by J. F. Adams, edited after his 
untimely death by Zafer Mahmud and Mamoru Mimura from 
Adams’s Cambridge lecture notes.  
 
Now, two decades after the publication of the Green, Schwarz and 
Witten classic, Keith R. Dienes and Michael Lennek, in arXiv 
0809.0036 [hep-th], ask  
“To What Extent is String Theory Predictive?”  
and say:  
“…it is unlikely that the landscape as a whole will exhibit unique 
correlations amongst low-energy observables, but rather that 
different regions of the landscape will exhibit different overlapping 
sets of correlations. …”.  
 
Some are satisfied to continue pursuing superstring theory through 
studying various “regions of the landscape”,  
but others do not want to give up the search for a single unique 
elegant model that produces the parameters of  
Gravity and the Standard Model that we observe, and some of 
them are working on constructing models based on unique and 
elegant E8:  
 
Garrett Lisi (arXiv 0711.0770 [hep-th]), with “… an E8 
superconnection … over a four dimensional base manifold …”.  
 
Matej Pavsic (arXiv 0806.4365 [hep-th]), with an “… extension of 
the 4-dimensional spacetime … to … a 16-dimensional … Clifford 
space C … whose tangent space … is the Clifford algebra Cl(1,3) 
… E8 thus arises from … C …[since]… E8 consists of the Lie 
algebra of rotations so(16) in a 16-dimensional vector space and 
the corresponding spinor space S16+ …”.  
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Carlos Castro (International Journal of Geometric Methods in 
Modern Physics v.4 no.8 (2007) 1-19), with a “… Chern-Simons 
E8 gauge theory of gravity in D = 15 …”.  
 
In those three models, a SpaceTime base manifold is assumed from 
the start, so the Nature of Time is given and not derived. Here, I 
propose to start only with E8 itself, and to derive the Nature of 
Time as a natural component of E8, as part of a realistic physics 
model that is as unique and elegant as E8 itself. Since this Essay is 
restricted in length to 10 pages and in scope to the Nature of Time, 
I refer for full details of the model to the pdf file at 
www.tony5m17h.net/E8physicsbook.pdf  
( background at www.tony5m17h.net/E8popphys.pdf ) 
and restrict discussion of other components of E8 to a minimal 
level necessary to give a context for E8 Time. 
 
Here are the separated yellow, blue, red, and green root vectors of 
E8:  
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To see their physical meaning, look at E8 as  

248-dim E8 = 120-dim D8 + 128-dim half-spinor D8  

120-dim D8 = 28-dim D4 + 28-dim D4 + 8x8=64-dim 

128-dim half-spinor D8 = 64-dim + 64-dim = 8x8 + 8x8 

Since D8 and its spinors live inside the Cl(16) Clifford algebra, E8 
has a natural embedding into Cl(16).  

The 3x8 = 24 dark yellow root vectors 

 

form the 4-dimensional 24-cell root vector polytope of a D4 Lie 
algebra and 12 of them form the 3-dimensional cuboctahedron root 
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vector polytope of the D3 = A3 Lie algebra, which by the 
MacDowell-Mansouri mechanism describes Gravity.  

The 3x8 = 24 bright yellow root vectors  

 

form a second 4-dimensional 24-cell root vector polytope of a 
second D4 Lie algebra and 12 of them can be projected into 1-dim 
and 2-dim configurations that describe the root vector polytopes of 
the Standard Model Gauge Groups: U(1) of Electromagnetism;  
SU(2) of the Weak Force; and  SU(3) of the Color Force  

The 8x8 = 64 red root vectors  
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correspond to the 8 covariant components (with respect to 8-dim 
SpaceTime) of the 8 fundamental first-generation fermion 
particles.  

The 8x8 = 64 green root vectors  

 

correspond to the 8 covariant components (with respect to 8-dim 
SpaceTime) of the 8 fundamental first-generation fermion 
antiparticles.   

The 8x8 = 64 blue root vectors tell how the 8 vector spacetime 
dimensions of the D4 giving Gravity correlate with the 8 vector 
dimensions of the D4 giving the Standard Model that correspond to 
8 Dirac gammas.  

Each set of 8 root vectors represent the 8 components, with respect 
to 8 Dirac gammas, of one of the 8 spacetime dimensions of this 
E8 physics model. 

Giving the 8 E8 spacetime dimensions Octonionic coordinates with 
basis {1, i, j, k, e, ie, je, ke} shows the meaning of the 8x8 = 64 
blue root vectors to be 
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The dimension represented by the octonion basis element { 1 }, 
that is, the Octonion real axis, describes Local Time in this E8 
physics model.  

 

The Local Lagrangian of this E8 physics model is constructed from 
the parts of E8 as the Integral  

over the 8-dimensional SpaceTime described by the 64 blue root 
vectors  

of Gravity and Standard Model terms described by the 24 + 24 = 
48 yellow root vectors and  

of Fermion Particle-Antiparticle terms described by the 64 + 64 = 
128 red and green root vectors.  
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At the low (relative to Inflationary Regime) energies where we do 
our experiments and see most of our observations, a 4-dimensional 
Quaternionic substructure Freezes Out, breaking 8-dimensional 
Octonionic symmetry and producing a Kaluza-Klein SpaceTime 
made up of our usual 4-dimensional Physical SpaceTime and a 4-
dimensional Internal Symmetry Space with the structure of a 
Complex Projective Plane CP2.  

The symmetry breaking produces the second and third generations 
of Fermion Particles and AntiParticles and, by a process described 
by Meinhard Mayer (Acta Physica Austriaca, Suppl.XXIII (1981) 
477-490), gives a Higgs mechanism.  

Since the E8 Local Lagrangian structure only describes a Local 
Time, it is necessary to patch together Local Regions to form a 
Global Structure describing E8 Global Time.  

Mathematically, this is done by embedding E8 into Cl(16) and 
using a copy of Cl(16) to represent each Local Lagrangian Region. 
A Global Structure is then formed by taking the tensor products of 
the copies of Cl(16).  

Due to Real Clifford Algebra 8-periodicity, Cl(16) = Cl(8)xCl(8) 
and any Real Clifford Algebra, no matter how large, can be 
embedded in a tensor product of factors of Cl(8), and therefore of 
Cl(8)xCl(8) = Cl(16).  

Therefore, taking the completion of the union of all such tensor 
products produces a generalized Hyperfinite II1 von Neumann 
factor that gives a natural Algebraic Quantum Field Theory 
structure for E8 physics.  

If you go back to the origin of our universe, you begin with a 
single Cl(16) Local E8 Region with Octonionic Structure.  
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Since, as Stephen Adler said in his book “Quaternionic Quantum 
Mechanics and Quantum Fields” (Oxford 1995), there is a “… 
failure of unitarity in octonionic quantum mechanics …”, the 
initial Octonionic Cl(16) Local E8 Region can replicate, with the 
Local E8 Regions linking their Local 8-dimensional SpaceTimes 
together in an 8-dimensional version of a Moore space-filling 
curve  

 

and our universe thus undergoing a natural Inflationary Expansion 
based on E8 and its related Cl(16) Clifford Algebra Structure. Such 
an Inflationary Era is described by Paola Zizzi in gr-qc/0007006 
where she says “… during inflation, the universe can be described 
as a superposed … quantum … state … The self-reduction of the 
superposed quantum state is … reached at the end of inflation 
…[at]… the decoherence time …”, which decoherence time she 
notes is similar to that of Penrose-Hameroff Quantum 
Consciousness Events. In E8 physics, the Decoherence End of 
Inflation occurs when our universe reaches a superposition of 2^64 
Local E8 Regions. A Quaternionic substructure then freezes out in 
our universe, producing a Kaluza-Klein SpaceTime and the second 
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and third generations of Fermions, and our universe then 
decoheres/collapses to Our Single World 

 

which continues to evolve, but without Octonionic non-unitary 
inflationary processes.  

Since our World is only a tiny fraction of all the Worlds, it carries 
only a tiny fraction of the entropy of the 2^64 Superposition 
Inflated Universe, thus explaining The Arrow of Time.  

  


