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Abstract

By definition in Lie Algebras, all roots can be composed from either al positive or al negative
combinations of their "simple roots'. Taking a modified A.G. Lisi split real even Eg model with 240
fundamental physics particles associated with an extended Standard Model, a particle count reduction (from
240 fundamental particles to 8 "elemental" particles) is determined from these 8 simple roots. Interestingly,
by taking account of the particle mass assignments, all known fermions {e/v, u/d, c/s, t/b}, as well as
known (plus the Lisi predicted) bosons { W/B, gluons(g), w, ep, x®} can be generated with the sum of the
simple root masses being less than the resulting composite particle masses (with the exception of the four
2nd and 3rd generation leptons{e, - / v, +}).

Figure 1: Eg projection in 3D laser etched into 3"x3"x3" crystal with vertex shape and size assigned based on extended Standard Model particle assignments
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Figure 2: Eg in 2D Petrie projection with 6720 edges and vertex shape, size, color/shade assigned based on extended Standard Model particle assignments

I ntroduction

Visualizing the 8 dimensional (8D) Eg polytope uses 2 (or 3) basis vectorsto project it into 2D (or 3D). Figures 1 and 2 are generated using the projection
operation (1) applied to the split real even (SRE) Eg vertices with basis vectors (2), (3) and (4).
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Lisi has proposed an extended Standard Model (SM) based on a SRE Eg Lie Algebra with a fundamental physics particle associated with each of its 240
rootg[1]. In this model, particle assignments are modified dlightly in order to create a pattern of roots consistent with its Simple Roots (SRs). This
construction of the SRE Eg is based on the 256 = 28 binary pattern from the 8th row of the Pascal Triangle {1, 8, 28, 56, 70, 56, 28, 8, 1} and its
associated CI(8) Clifford Algebra. The SRE Eg roots are defined by combining the 112={56, 56} integer roots of Lie group Dg=SO(16) and the 128={1,
28, 70, 28, 1} half integer roots of Lie group Cg=Sp(16). Specifically, Cg contains all permutations of {+1, +1, +1, +1, +1, +1, +1, +1}/2 with an even
number of plus signs (an 8-Demi-Cube), which are assigned to the 2nd and 3rd generation fermions. Dg contains all permutations of {+1, +1, 0, 0, 0, 0, O,
0}, which are assigned to 48 bosons and the 64 1st generation fermions. In this model, the 16 particles associated with {8, 8} are excluded as dimensional
generators from the permutations of {1, 0, 0, 0, 0, 0, O, O}. These excluded particles are associated with the 8 Orthoplex (dua of the 8-Cube with 256
vertices). Eg has 120 positive roots and 120 negative roots. These construction patterns are shown in Figure 3.
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Figure 3: Split real even Eg construction from Pascal Triangle, CI(8) Clifford Algebra and binary permutations

The Eg Dynkin diagram (Figure 4) with canonical node ordering generates the Cartan matrix (CM) in (5), which is used to construct the Eg Lie Algebra.

E8 Parent

Figure 4: Eg Dynkin with canonical node ordering

1 2 -1 0 0 0 O O 0 1 0 0 O 0 0 1
CM=0 0 0 -1 2 -1 0 -1]"'S®M={0 0 -1 1 0 0 0 O ®)
1 1 1 1 1 1 1 1

By definition in Lie Algebras, al roots can be composed from either all positive or all negative combinations of the SRs. The simple root matrix (SRM) in
(5) and the 256=240+16 excluded SRE vertices are used to uniquely generate all 240=120 positive+120 negative algebra roots of Eg using (6), ignoring
the excluded 16=8 positive (dimensional)+8 negative (anti-dimensional) SRE generated roots.

AlgebraRoot, = [SRMT]_I.SREi:yzss ©)
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New Model Construction

In this new model, each Eg vertex is a Big Endian (left most significant) zero-based 8 dimensional vector that contains the configuration of a particle's
spin in positions {7, 6, 5, 4}, the generations in position {3}, and color in positions {2, 1, 0} .

Asiswell known in the Lisi SRE model, there are only 48 assigned Dg integer bosons and only 128 Cg half-integer vertices available. Y et, with 192=64x3
generation fermions in SM, the meaning or validity of assigning a generation of fermions to the remaining 64 Dg integer vertices has been hotly debat-
ed[2]. In this model these remaining integer fermions are assigned to the 1st generation. This means that the integer SRE vertices are fully allocated with
the "generation 0" bosons and 1st generation fermions. For a complete reference of particle assignments, see Appendix B.

The 1:1 bit-wise correspondence of a particle's quantum number assignments, a Big Endian (left most significant) zero-based 8 dimensional vector { 7-0},

are respectively {1 bit=a (Antiparticle- p/p), 1 bit=p (Type- €/v or u/d quark), 2 bits=c1, c0 (Color- r/g/b/none), 2 bits=sl, O (Spin-ﬂ, IA?, ﬁ, Iv?), 2
bits=g1, g0 (Generations- 37/2u half integer fermions, 1€/0 integer bosons)} or simply { sl, S0, c1, 0, g1, gO}. The type face indicates
quantum assignments which are not exclusively allocated to a dimension {7-0} defined in this model, but in the particle assignments based on the inherent

structural symmetry of Eg. These construction patterns are shown in Figure 5 and 6.
3g Generations (le, 2pu, 3 1)

Spin 45 Spin (L R) 3s Spin (L R) 1Spin (L) -——---> 45 Spin (L R) <--——=
* Color 0Color (W) ~  ———-ooem —> 3. Color (rgh) <-—-—---ommeen 0 Col or (w)
Row 5 4 3 2 1
Count 44 3s X3¢ 3¢ 3g X3¢ X 4s 3g X4s

Figure 5: Particle flavor counts given quantum number assignments

3g Generations (le, 2y, 3 1)

Spin 45 Spin (L R) 3s Spin (L R) 1Spin (L) -——---> 45 Spin (L R) <--——=

Color O0Color (w) ~ - -> 3: Col or (rgh) e 0 Col or (w)

Row 5 4 3 2 1
{{{{es¢, ero¢}, &} {{{wL, wr}, W}} {u, ¢, t} {ve, Vi vl
{({x12 x28 xse} {9, g'P, g'9}}} {d, s, b} (e, e, e}

Figure 6: Particle flavors in row / column groups with boson {group} coloring based on Lie group assignments (F4, F45, D4 & G2, G25)

The anti-particle { 2} bit is associated with the negation of a particle vertex coordinate. This creates a given particle's anti-particle. It is helpful to note that
the entire binary and SRE vertex list is lexicographically ordered from negative to positive with a perfect mirroring about the middle, between the 128th

and 129th of 256 vertices, which are the R muon neutrinos (v, and v,). Also of interest, the first and last particles in the list are the R tau neutrinos

(v, and v7). This aigns well with the idea that it is associated with (T)ime reversal in the CPT conservation laws. While the Eg algebra roots in the SRE
ordered list are not lexicographically ordered, it does exhibit the same mirrored pattern of positive (negative) roots as do the binary and SRE particle (anti-
particle) assignments.

The {g0} bit splits the generation O boson family of 128 integer roots (and integer Spins) of Dg and 8-Orthoplex from the 128 half integer root (and half
integer spin) of Cg fermions.

The {p} bit splits the particle families into two types, referenced in the leptons as electron and neutrino types, while the quarks are designated by up and
down types. The differences are most easily seen in the 8x8 rotation matrix used for transforming SRE coordinates to physics coordinates (8) and those
matrices used in identifying bosonic (9) and fermionic (10) triality transformations. These matrices are divided by an upper left quadrant affecting the
SRE {7-4} spin positions and a lower right quadrant affecting the SRE {3-0} generation-color positions.
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Figure 7: H, Dinkin diagram
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This left-right splitting of Eg may be related to the idea that the Dynkin diagrams can be folded, generating related sub-groups. The Eg Dynkin folds into
H,4 (Figure 7). It is associated with the 600-Cell, a 4D polytope (or polychora) of 120 vertices (Figures 8 and 9). It has a dual, the 120-Cell of 600 vertices
(Figures 10 and 11). This 4D 600-Cell is constructed from the combination of the 96 vertices of the Snub 24-Cell and the 24 vertices of the 24-Cell
(Figure 12 and 13), which is a self-dual polychora Dy, the most symmetrical of Dynkin diagrams (Figure 14). It is interesting to note that the 24-Cell is
constructed from the 16 vertices of the Tesseract (or 8-Cell or 4-Cube as shown in Figure 15) and the 8 vertices of the 4-Orthoplex (or 16-Cell), al of
which can be found within Eg and the excluded 8-Orthoplex. On the other hand, the Snub 24-Cell is constructed from even permutations of {, 1, 1/¢, 0},

where¢ = % (\/E + 1) is the golden ratio with numerical value of 1.61803..., which can not be found directly within Eg.
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Figure 8: 3D projection of the 4D 600-Cell

Note: If viewing Mathematica™ Common Document Format (.CDF), this figure is interactive with zoom, rotate and vertex detail information on mouse-over.
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Figure 9: Van Oss projection of the 600-Cell, the shadow of the 3D projection above

Note: If viewing Mathematica™ Common Document Format (.CDF), this figure is interactive with zoom and vertex detail information on mouse-over.
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Figure 10: 3D projection of the 4D 120-Cell

Figure 11: 2D Petrie projection of the 4D 120-Cell
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i DISEY

Figure 15: The Tesseract

Note: If viewing Mathematica™ Common Document Format (.CDF), this figure is interactive with 4D rotation animation, zoom, and rotate.

The 600-Cell in Figure 8 was projected from 4D into 3D with basis vectors (10), which has 720 4D edges of norm'd length /2 (—l +/5 ) . Notice the

parallax due to the fact that it is in perspective projection. The shadow of this polytope is the orthographic VVan Oss projection (Figure 9). Evidence of the
folding is obtained by combining two 600-Cells at the Golden ratio. This results in a structure that is isomorphic to Eg[3]. It has the same Petrie projec-

tion as the Figure 1, except with 3360 edges of length /2 (71 +/5 ) , which is half the 6720 Eg edges of 8D norm'd length /2 .

H={%(1+\/€) ;-%,/7&30\/? sm[lﬂ—S],oé %—%,l75+30 5 sm[i—Z],o}:

{0, —0.0801064775214, 0, 0.236818395103 }

11 1 f 1 101 n
v:{o,Z T 7543045 ,o,z(1+\/?) STV 75roVs Sm[i]}= (10)

{0.159335291712, 0, 0.192645438086, O}

1 11 oro 111
2={0,—Z(1+\/g) 5—5\l75+3o 5 Sm[%],o,Z 5—£,/75+3o\/€ b=

{0, 0.236818395103, 0, 0.0801064775214 }




DynkinParticleReductions.nb |11

Simple Root Particles

These 3 hits { } are used to uniquely identify and generate the 8 = 23 Dynkin diagram nodes as shown in Figure 16 with corresponding 3bit value
construction and ordering identified along with the simple root particle assignments.

3bit = 0 1
. 4 =22 Boson Fermi on
gR (Gen0) &2 (Genl &3)
2=21 e/d v/u
3bit=0 3bit=6 3bit=2 3bit=3 3bit=4 3bit=7 3bit=1 o -~
E8 Parent 1-2 P P

Figure 16: Eg Dynkin diagram with particle labels and 3bit assignments and construction patterns

Note: If viewing Mathematica™ Common Document Format (.CDF), this figure is interactive with node detail information on mouse-over.

Please note the seeming anomalous assignment of 3bit=1 to the last SR in the list of SRs (Eg canonical node #6 in Figure 16, a R anti-strange green
quark). One might expect it to be a 5 given that it is a fermion, as indicated by the right most column naming for the {g0} bit. While {g0} does indeed
split the generation O boson family of integer roots from the 1st and 3rd fermion generations, the naming of the 0 bit as "Boson" is somewhat of a
misnomer since the 4 generations given by the combination of "generation bits' {gl, g0} have g0=0 for generations 0 and 2 (in binary), such that they are
associated through their bitwise assignments with bosons. It should also be noted that except for this Eg canonical node #6, al fermions in the SRs are in
the 1st generation and therefore have integer SRE vertex assignments. So all SRs are linked to bosons in some way. For a complete reference of SRs
particle assignment detail, see Appendix A.

Triality Relationships

The Lisi model also demonstrates a consistency with the bosons and fermions that is related to the triality relationships within Eg. Thisis shown in Figure
17 with blue triality lines linking the 3 generations of each fermion using (9). Applying the rotation matrix as a dot product against an SRE vector gives
the 2nd generation fermion particle. Applying it again gives the 3rd generation. Applying it a 3rd time returns to the 1st generation fermion. The bosons
areasoinvolved in triality relationships as well using (8), rotating through red, green, and blue particle color assignments.
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Itisinteresting to note that the quarks {r/g/b, p/p} are al located on 6 corresponding dual concentric circles around the center. The leptons are hexagonal

"Star of David" patterns in the center, while the bosons are in single or dual hexagona rings radiating from the center.
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Vertex shape, size, color/shade are assigned based on extended Standard Model particle assignments.

Note: If viewing Mathematica™ Common Document Format (.CDF), this figure is interactive with vertex detail information on mouse-over.
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The projectionsin Figures 17 and 18 are produced using basis vectors (11).

4 1 1
H={2——,0,1——,1——,0,—1,1,0}
V3 NERRVEY

4 1 1 11 2
v:{o,——z,——l,l——,o,—.—,——}
NEREERVEY V3 V3 V3 V3

(11)

B4
SIS
A

< N%A%w >
@ &Wﬂw S

Figure 18: Projection overlap pattern
Note: If viewing Mathematica™ Common Document Format (.CDF), this figure is interactive with vertex detail information on mouse-over.
An interesting overlapping of particles (12) in this projection is shown in Figure 17 with:

InView vertices = {{overlap, count}, ...} Total
{Green{1, 120}, Red {2, 24}, Gray {3, 24}} 168
All vertices = {{overlap, count}, ...} Total

{Green{1, 120}, Red {2, 48}, Gray {3, 72}} 240

(12)
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Looking carefully at the color coding of the triaities, the smaller 1st generation quarks are shaded differently than the 2nd and 3rd generation quarks. This
is due to a change in the way the {p} bit is used to assign patterns to SRE vertices on 1st generation quarks. This change is needed to align the 3bit
numbers in 1:1 correspondence with the Dynkin nodes. It should be noted that this also aligns with the quark mass relationships in the SM, where the 1st
generation up/down quark masses are flipped.

Conclusion

This mixture of fermion assignments with bosons is a critical issue in Lisi's model. Therefore, this new binary model may shed some light on the solution,
along with the mass determination in extended SM physics. A natural choice would be to assign 2nd generation fermions to the integer SRE vertices as
Lisi did originally, but this causes the 3bit calculations to lack a 1:1 relationship with the Dynkin diagram's SRs.

Interestingly, by taking account of the particle mass assignments, all known fermions { /v, u/d, c/s, t/b}, as well as known (plus the Lisi predicted) bosons
{W/B, gluons(g), w, ep, x®} can be generated with the sum of the simple root masses being less than the resulting composite particle masses, with the
exception of the four 2nd and 3rd generation leptons{e, - / v, -} .

It seemslogical to identify the SRs as elemental particles used to construct the known and predicted 240 fundamental particles.
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Appendix A: Simple Roots List

Seq ## Synbol Oapccssgg-Bits

58

200

212

50

73

81

87

21

011111001,

010111101,

000111001,

011100100,

001111100,

001000101,

000010100,

010100110,

References
[1] A. G. Lisi, An exceptionally simple theory of everything (2007), URL http://www.citebase.org/abstract? d=oai:arXiv.org:0711.0770.
[2] Jacques Distler; Skip Garibaldi (2009). There is no 'Theory of Everything' inside E8. URL http://www.citebase.org/abstract?d=oai:arX-

Appendix

Bi nary Coordi nat es
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E8 Coordi nat es
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Al gebra Root
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Appendix B: Complete Particle List

Seq ## Synbol Oapccssgg-Bits Bi nary Coor di nat es E8 Coordi nates Al gebra Root
1 v, © 001000111, {0, 0, 0, 0, 0, 0, 0, 0} {-3 -3 -3 -5 (-3, -3, -5, -4,
W R 101 1 1 -3, -2, -1, -1}
3 "3 T3 3
2 Bxl: 010000000, {1, 0, 0, 0, 0, 0, 0, 0} {0, 0, 0, 0, 0, 0, 0, -1} -3 Lo,
R
0, 0, 0, 0, 0}
3 ExI. 010000100, {0, 1, 0, 0, 0,0, 0,0} (0,0 0,0 0,0 -1, 0 {-I. -2, -5, -4,
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138t ° 001011011, {0, 1, 1, 0, 0, 0, 1, 1} (-3 3 3 -3 {1, 1, 1, 1, 0, 0, 0, 1}
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254 Ex1_ 000000100 {1, 0, 1, 1,1, 1, 1, 1} {0, 0,0, 0, 0,0, 1, 0} {1, 2, 5 4,3, 2, 1, 2}
" R

255  Ex1 - 000000000, (0, 1, 1,1, 1,1, 1,1y (0,0 0, 0 0,0 0, 1} {s % 0, 0,0, 0 0,0}
UL

256 v, O 011000111, {1, 1, 1, 1, 1, 1, 1, 1} {



