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We present a unified, self-contained account of how the Standard Model of particle physics — its
gauge group SU(3) x SU(2) x U(1), three generations of fermions, the CKM quark mixing matrix,
the proton-to-electron mass ratio, the baryon asymmetry of the universe, the neutrino mass-squared
splitting, and 34 novel particles — emerges from a single geometric object: the 600-cell regular
4-polytope. The derivation proceeds through ten stages, each resting on established mathematics
(polytope geometry, spectral graph theory, finite group theory, the McKay correspondence, and GUT
representation theory) combined with the single physical premise of Dimensional Coherence Theory
(DCT) [: the universe is a Bose-Einstein condensate whose topology is the 600-cell. Previously
distributed across Papers IV, V, and VIII of this series, the complete pipeline is here assembled for
the first time in a single pedagogical narrative. We establish the following parameter-free results:
(1) the Standard Model gauge group via 2I — FEs — SM; (2) exactly three generations from
|21]/40 = 3; (3) CKM angles sin 612 = 1/+/f, = 0.2236 (0.3% from experiment), sinfa3 = 1/(2z) =
0.0417 (1.3%), sin 613 = 1/(2f») = 0.0042 (14.5%); (4) the Jarlskog invariant J = 3.27x 107> (3.0%);
(5) the mass ratio m,/me = z(154 — 1) + 4u3 4+ 1/2° = 1836.152842 (9 x 108 relative accuracy);
(6) baryon asymmetry n = (2/120) exp(—(fo — 3)) = 6.9 x 1071° (13%); and (7) Am3,/Am3;, =
2(fo —3) = 34 (0.3%). All results depend on only two topological constants — the coordination
number z = 12 and the vertex figure face count f, = 20 — with zero free parameters. An exhaustive
survey of all six regular 4-polytopes shows that only the 600-cell produces both a physical condensate
(Po € (0,1)) and the correct gauge group (Es — SM), rendering it uniquely selected.

I. INTRODUCTION 4. The McKay Correspondence (Algebraic Geom-

etry)
A. The problem
5. The GUT Chain (Representation Theory)

The Standard Model of particle physics is the most
precisely tested theory in the history of science. Yet it
contains at least 19 free parameters—gauge couplings,
Yukawa couplings, mixing angles, a CP phase, the Higgs
potential parameters—none of which is derived from a .
deeper principle. Why SU(3) x SU(2) x U(1) and not 8. The Mass Ratio (Spectral Geometry)
some other gauge group? Why three families of fermions
and not four? Why is the proton 1836 times heavier than
the electron?

Dimensional Coherence Theory (DCT) [I] answers
these questions through a single, geometrically rigid ogy)
chain of deductions. The starting point is the physical
assertion that the cosmic vacuum is a Bose-Einstein con-
densate (BEC) [31] [32] whose underlying topology is the
600-cell, the densest regular 4-polytope [I0]. From this
single premise, and without adjustable parameters, the

6. Three Generations (Topology)

7. CKM Mixing (Flavor Physics)

9. Baryon Asymmetry (Topology + Dynamics)

10. Novel Particles and Predictions (Phenomenol-

This paper presents the complete pipeline in a single,
self-contained, pedagogical narrative. The reader should
be able to follow the entire chain from the geometry of
a four-dimensional solid to the particle content of the

entire Standard Model structure emerges. URIVErSe.
B. The ten-stage pipeline C. Notation

The derivation proceeds through ten stages: Throughout, ¢ = (1—1—\/5) /2 is the golden ratio, z = 12

is the coordination number, f, = 20 is the vertex figure
1. The 600-Cell (Geometry) face count, N = 120 is the vertex count, p; = (2 —
2. The Adjacency Spectrum (Linear Algebra) Ai)/ (22) i? the nqrmalized La'placi'an eigenvalue, _Cj‘is

the Casimir invariant of the j-th irrep of 27, d; is its
3. The Binary Icosahedral Group 2/ (Group The- dimension, and primed sums exclude the zero mode (j =

ory) 0).
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D. Relation to other papers

The results were originally established in Papers IV [2]
(gauge group, generations, proton stability), V [3] (mass
ratio, CKM, baryon asymmetry), and VIII [4] (600-cell
spectral theory, polytope landscape). This paper super-
sedes none of them; it unifies their central results with
additional pedagogical context.

II. DCT FRAMEWORK

The gravitational sector of DCT [1] is a Brans-Dicke
theory [20] with action

1 4 w(P)
S = o d*z/—g {PR 2
(1)
where gblvs = P gl (conformal coupling) and w(P) =
(138189 P? — 3)/2. The field P sits at its equilibrium
value Py = 0.851, giving wy =~ 50,037. Dark matter arises
from Allen-Cahn crystallization of the P-field (Avrami
channel) [41] [42], producing the radial acceleration re-
lation P(g) = 1 — exp(—+/g/g+) with zero free parame-
ters [7]. The conformal metric resolves the Hubble ten-
sion: Hpnys = He/v/Po = 73.1 km/s/Mpc [5].

The key physical premise connecting gravity to parti-
cles is that the P-field condensate has an internal topol-
ogy described by the 600-cell—the densest regular four-
dimensional polytope. The Gross-Pitaevskii quantum-
droplet potential [34] V(P) that fixes Py has its three-
body coupling gs3/gint = fo/z = 5/3 set by 600-cell ge-
ometry, making Py = (9/10)(19/20) = 171/200 = 0.855
derivable from topology alone (Paper VIII [4]). The BEC
wavefunction ¥ = /P e’ decomposes the field into grav-
ity (P) and gauge physics (). This section presents the
pipeline by which the 600-cell geometry determines all of
particle physics.

III. STAGE 1: THE 600-CELL

A. Combinatorial data

The 600-cell {3,3,5} is the densest of the six regular
convex 4-polytopes. Its combinatorial data are:

N = 120 vertices, E = 720 edges,
F = 1200 faces, C = 600 cells,
z =12, fo =20. (2)

Each cell is a regular tetrahedron; five tetrahedra share
every edge. The Euler characteristicis x = N —E+ F —
C=0.

B. Vertex coordinates

The 120 vertices lie on the unit 3-sphere S* ¢ R* [10]
and decompose into three orbits:

1. 8 axial vertices. All
(+1, 0, 0, 0).

permutations of

2. 16 half-integer vertices. All sign combinations
of (£1, £1, 1, +1).

3. 96 golden vertices. All even permutations of

(%, :i:%, :tﬁ, 0), with independent sign choices.

All 120 points satisfy > 2? = 1. Two vertices are con-
nected by an edge whenever (v;,v;) = 1/(2¢).

(aP)Z - V(P) +Sm[Pg;w7¢]a

C. The vertex figure

The vertex figure—the convex hull of the 12 nearest
neighbors of any vertex—is the regular icosahedron, with
Vico = 12 vertices, Ei,, = 30 edges, Fico = f, = 20
triangular faces, and Euler characteristic x = 2. The
quantity f, = 20 appears in nearly every physical result.

D. Packing density

The six regular 4-polytopes have cell densities (cells
per vertex):

TABLE I. Cell densities of all regular 4-polytopes.

Polytope Cells Vertices Cells/vertex
5-cell 5 5 1.0
8-cell 8 16 0.5
16-cell 16 8 2.0
24-cell 24 24 1.0
120-cell 120 600 0.2
600-cell 600 120 5.0

The 600-cell has the highest packing density (5.0), mak-
ing it the closest-packed regular structure in four dimen-
sions.

IV. STAGE 2: THE ADJACENCY SPECTRUM
A. The adjacency matrix

The adjacency matrix A of the 600-cell is the 120 x 120
symmetric matrix with A;; = 1 if vertices ¢ and j are
connected by an edge, and A;; = 0 otherwise. Each row
sums to z = 12.



The 10-Stage Pipeline: 600-Cell — Standard Model

q Binary
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Geometry> Spectrum> IcosthIe dral> Corr. > Chain >
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FIG. 1. The ten-stage pipeline from 600-cell geometry to the Standard Model. Each stage rests on established mathematics; only
the physical premise (the universe is a 600-cell BEC) is new. The key outputs at each stage are shown below the corresponding
box. The entire pipeline uses only two topological constants: z = 12 (coordination number) and f, = 20 (vertex-figure face

count).

B. Eigenvalues and multiplicities

The adjacency matrix has exactly 9 distinct eigenval-
ues, displayed in Table [T}

The multiplicities are exactly d? for the 9 irreducible
representations of 21:

d? = 14+44+9+16+25+36+9+16+4 = 120 = N. (3)

.
i~
o

C. The /5 cancellation theorem

Theorem. For any weighting function w;
that takes equal values on conjugate pairs
(Aj, A;), the spectral sum Z; w;/(2p4) is ex-
actly rational, with all /5 dependence can-
celling.

Proof. The conjugate pairs (p1, us) and (pe, pue) satisfy:

3-V6 3+5
M1 = 4 y Mg = 4 ) (4)

_4-2v5
Mz—iu ) He

_4+2V6

1 ()

For equal multiplicities and weight w depending only on

(dj, Cj):

w w

Mo+ p—
2y 2p- ©)

24 p

Numerator (u4 + p—) and denominator (p4p—) are both
rational. Hence all irrationals cancel. d

D. The LHY geometric factor

The Lee-Huang-Yang [33] geometric factor on the 600-
cell is

1 d? 3701
LHY = N ;O 2u; 6300 ()

where 3701 is prime. The product with the coordination

number:

3701
GLHY XZ—E—705O (8)

This is remarkably close to 7= f, —2z2—1=20—12—1.



TABLE II. Adjacency spectrum of the 600-cell. Golden ratio ¢ = (14 1/5)/2. The Laplacian eigenvalue is p; = (

Cj is the Casimir invariant, and d; is the irrep dimension.

z=X)/(22),

J Aj Decimal 1 d; d; C; C;Hlji ~
0 12 12.000 0 1 1 0 —
1 3+3V5 9.708 3=v5 2 4 3 9
2 2+ 25 6.472 4-2v8 3 9 2 27
3 3 3.000 3 4 16 L 40
4 0 0.000 : 5 25 6 75
5 -2 —2.000 = 6 36 % 135
6 2-2V5 ~2.472 4+2v5 3 9 2 24
7 -3 —3.000 s 4 16 i —
8 3-3V5 —3.708 345 2 4 3 —
Note: Entries marked “—” have their contributions absorbed into conjugate partners. The displayed values for j = 1-6

include both members of each conjugate pair and sum to 310; multiplied by z/N = 1/10 gives 31.

E. The spectral gap

The smallest nonzero Laplacian eigenvalue is

3—V5
4

= = 0.190983. .. (9)

This controls the leading mass correction (Sec. [X D).

V. STAGE 3: THE BINARY ICOSAHEDRAL
GROUP 27

A. Definition

The binary icosahedral group 2I is the unique finite
subgroup of SU(2) of order 120. It is the double cover of
the icosahedral rotation group I (order 60). Key proper-
ties:

e Order: 21| =120

e Center: {+I,—I}

e 9 conjugacy classes, 9 irreducible representations
e Dimensions: d; € {1,2,2',3,3",4,4',5,6}

° Zd? = 120 = |2]]

B. The 600-cell as Cayley graph

The 120 vertices of the 600-cell, identified with unit
quaternions, form the 120 elements of 21. The 12 nearest
neighbors of the identity form a conjugacy class serving
as the generating set. The Cayley graph is the 600-cell:

600-cell graph = Cay(21,.5), [S|=12=2 (10)

This explains N = |2]] = 120 and z = 12.

C. Frobenius-Schur classification

The Frobenius-Schur indicator classifies each irrep as
real (FS = +1), pseudo-real (FS = —1), or complex
(FS =0):

TABLE III. Frobenius-Schur indicators for the 9 irreps of 21.

Irrep d; FS Type
Ro 1 +1 Real
Ry 2 -1 Pseudo-real
Ry 2/ -1 Pseudo-real
Rs3 3 +1 Real
Ry 3’ +1 Real
Rs 4 -1 Pseudo-real
Rs 4 -1 Pseudo-real
R~ 5 +1 Real
Rs 6 -1 Pseudo-real

Result: 4 real + 5 pseudo-real + 0 complex. The
complete absence of complex representations means the
600-cell topology alone cannot generate CP violation

(Sec. [X D).

VI. STAGE 4: THE MCKAY
CORRESPONDENCE

A. The theorem

The McKay correspondence [8] establishes a bijec-
tion between finite subgroups I' C SU(2) and extended
(affine) Dynkin diagrams of simply-laced Lie algebras:

The largest finite subgroup maps to the largest excep-
tional Lie algebra:

2 +— Eg (11)



1 600-Cell Spectrum

—_
\]
1

—_
o] (=]
I I

(@)}
1

Adjacency eigenvalue )
N

o 1 2 3 4 5

mj= dj2: Spectral <> 21 Match

40 -
-== m;=d} (exact) ’

35 N //O
30 T ////

z 4

5 257 o

£ 20 1

= /

E 15 /,O

S .

—
W S
I I
@
Q

]

> my=) d?=120=N
0 10 20 30 40
d? (irrep dimension squared)

FIG. 2. Left: The adjacency spectrum of the 600-cell graph, showing 9 distinct eigenvalues with golden-ratio irrational values
(orange and red bars) that cancel in LHY-type spectral sums (v/5 cancellation theorem). Right: Verification that multiplicities
are exactly m; = d?, where d; is the dimension of the j-th irrep of the binary icosahedral group 27. All points fall exactly on
the identity line, confirming the spectral-group-theoretic correspondence. The total is ) d? =120 = N.

TABLE IV. McKay correspondence for SU(2) subgroups.

Subgroup |G| Dynkin diagram
Zn n An71

2D, 4n Do

2T 24 Es

20 48 Er

21 120 Es

B. Construction of the McKay graph

For each irrep p; of 21, decompose the tensor product
with the fundamental 2-dimensional representation:

Pj @ Prund = @ ajk Pr- (12)

k

The adjacency matrix a;j, defines the McKay graph, ver-
ified to be the extended Eg Dynkin diagram:

e 9 nodes (one per irrep)
e Edges: 1-2—3—-4—-5—6, with branch 4—3'—2’

e Null eigenvector of (Amckay — 2I) is the dimension
vector d = (1,2,3,4,5,6,4,3,2)

e Spectral radius = 2.0 (affine Dynkin signature)

C. FEj roots from icosians

The 240 roots of Eg are realized as the icosians—two
copies of the 120 vertices under left and right quater-
nionic multiplication [11]:

240 = 2 x 120  (left-icosians @ right-icosians). (13)

The left-right decomposition provides a natural matter—
antimatter separation.

VII. STAGE 5: THE GUT CHAIN

A. The breaking chain

The standard grand unification breaking chain [12HI4]
applied to Eg yields:
Es — Eg x SU(3)tamily
— SO(10) x SU(3)amily
— SU(5) x U(1) x SU(3)family
— SU@B3)e x SU(2)r x U(1)y. (14)

B. The Es branching

The adjoint of Eg decomposes under Fg x SU(3) [15]:

248 =(78,1) & (1,8) & (27,3) © (27.3)|  (15)




The entry (27,3) contains three copies of the fundamen-
tal 27—one per generation.

C. Each generation

Each 27 of Eg decomposes under SO(10) — SU(5):
27=16+10+1. (16)

The spinor 16 of SO(10) contains exactly one complete
generation of SM fermions: (ur,dy), ugr, dr, (VL,eL),
er, plus vg. Total: 16 Weyl fermions per generation x
3 generations = 48 Weyl fermions.

D. Second derivation: condensate multiplicity

An independent path uses the representation theory of
21 acting on the BEC condensate, without the McKay
correspondence or GUT chains.

The regular representation decomposes as Ryg =
@D, d; pj. The key observation:

e Dim-2 irreps (R;, R2) appear with multiplicity 2.
Commutant: U(2) = SU(2) x U(1) (electroweak).
Generators: 341 =4.

e Dim-3 irreps (R3, R4) appear with multiplicity 3.
Commutant: U(3) = SU(3) x U(1) (color). Gener-
ators: 84+1=09.

Removing the shared U(1):

‘4 +9-1=12=SM generators‘ (17)

VIII. STAGE 6: THREE GENERATIONS

The number of fermion generations is fixed by four
independent topological arguments.
Argument 1 (Branching). (27,3) in Eq. gives
three copies of 27.
Argument 2 (Group order). [27]/40 = 120/40 = 3,
where 40 is the SO(10) generation content.
Argument 3 (Cell count). C'/200 = 600/200 = 3.
Argument 4 (Irrep identity). > dZ = 120 = 3 x 40.

[21]
Ngen = E =

3 (18)

The number 3 is topological and cannot be adjusted.

A. The Z3 coset structure

The 120 vertices partition into 3 x 40 under the Zg
subgroup. Each generation has 4 intra-coset neighbors
and 4 + 4 = 8 inter-coset neighbors (4 + 8 = 12 = 2).

IX. STAGE 7: CKM MIXING ANGLES

A. Democratic Yukawa matrix

At leading order, Zs symmetry implies a democratic
Yukawa:

h
hij=5 Vi (19)

Eigenvalues: (h,0,0)—one massive generation (top), two
massless. Physical first- and second-generation masses
arise from Zs breaking.

B. Mixing angles from topology

The CKM mixing angles [28] 29] are determined by z
and f,:

1 1
sinfi = e = o = 0.22361, (20)
. 1 1
S 923 = 272 = ﬂ = 004167, (21)
. 1 1
S 913 = va = % = 0.00417. (22)

Measured values: 0.2243, 0.0422, 0.00364. Agreement:
0.3%, 1.3%, 14.5%.

C. The mixing hierarchy

The ratios follow naturally:

5£:£:537

meas: 5.32, 0.9%). 23
5 30 ( 0) (23)

D. CP phase and the Jarlskog invariant
The CP phase arises from Zg:
Sop = 2?” = 120°. (24)
The Jarlskog invariant [16]:

J = $12 823 S13 C12 C23 C13 sin 6CP =3.274 x 10_5. (25)

Measured: J = (3.18 £ 0.01) x 107° [I7]. Agreement:
3.0%.

Since all 9 irreps of 2I are real or pseudo-real
(Sec. [VC)), CP violation originates entirely from Eg —
Eg breaking, where the complex 27 # 27 of Eg provides
the source.



X. STAGE 8: THE PROTON-ELECTRON MASS
RATIO

A. The Casimir spectral identities

Define the weighted spectral sum:

/wd2 z
S(w) = Z ;Tjﬁ (26)
J

Identity 1 (Casimir). With w; = C:

>

J

chd§ 1:31: %00+Eico+F‘ico

(27)

Individual terms: {9,27,40,75,135,24} = 310; times
z/N =1/10 gives 31.
Identity 2 (Angular momentum). With w; = C; d;:

1 Cid; 2 2
B LT 28

Both are guaranteed rational by the v/5 cancellation the-
orem. That they are exact integers connects spectral
theory to combinatorial topology.

B. The mass formula: tree level

mp

—2x(1564—1)=12x 153 = 1836.  (29)

Me |ree

Agreement: 0.008%. The subtraction of 1 is the nearest-
neighbor self-energy subtraction (the zero mode has Cy =
0 and contributes nothing; the —1 removes the coordina-
tion shell).

C. The number 153

153 =9 x17=9x (f, —3) =T(17), (30)

where T'(17) = 142+ - -+ 17 is the 17th triangular num-
ber, and f, — 3 = 17 counts the independent face orien-
tations of the icosahedron (f, = 20 faces minus 3 SO(3)
rotational degrees of freedom on S?).

D. Loop corrections

Beyond tree level, the spectral gap provides quantum
corrections.

1-loop. The spectral gap u; = (3 — /5)/4 gives:

7-3v5

61 =4ui = — = —5— = 0.14590... (31)

1
¢!

This is ezactly 4u3 = 1/p*, a theorem connecting the
golden ratio to the spectral gap.

2-loop.
5y = - = 1 000694 (32)
2T
Total:
1 1
T~ X153+ — + 5 + O(107Y)
Mme ot oz
= 1836 + 0.14590 4 0.00694 + - - -
— 1836.152842. (33)
Measured: 1836.15267343(11). Agreement: 9 x 1078

(0.000009%).

E. The neutron-proton mass difference

my —my, 1

— — =0.001389. 34
m, E 720 (34)

Measured: 0.001378. Agreement: 0.8%.

F. Mass ratio progression

TABLE V. Successive refinements of the mass ratio.

Formula Value Error
Nem = 6007 1885.0 2.7%

z x 154 1848.0 0.65%
z x 153 1836.0 0.008%
z X 153+ 1/¢* +1/22 1836.1528 9x107°%

XI. STAGE 9: BARYON ASYMMETRY
A. The raw asymmetry

The center of 2T is {+I,—I}. This Zs generates a
chiral asymmetry:

_2 L gy
|2I] 120 60"

Raw asymmetry =



Convergence to my,/m,: Pure 600-Cell Geometry

o _ e

2% 154 0.65% (456)

2% 153 0.008315% (S57)

2x 153+ 1/p* +1/2% 0.000009% (S58)
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Percentage error from m,,/m, = 1836.153

FIG. 3. Convergence of 600-cell spectral formulas to the mea-
sured proton-to-electron mass ratio m,/m. = 1836.153. Each
approximation uses only topological constants (z, fu, ©, (1)
with no adjustable parameters. The final formula achieves
9 x 107%% accuracy—comparable to QED loop calculations
but derived from pure geometry.

B. Annihilation suppression

The suppression factor is controlled by 17 = f, — 3:
Suppression = e 17 = e~ (073 — 414 x 1078, (36)
The number 17 represents independent annihilation

channels on the icosahedral vertex figure.

C. The baryon-to-photon ratio

-~ —17 —6. 1 —10
5 6.90 x 10 (37)

Measured: 7obs = (6.10+0.04) x 10710 [18]. Agreement:
13%.

D. The dual role of 17

The topological constant 17 = f,, — 3 controls both:

1. Proton mass: 153 = 9 x 17, hence m,/m. =
2X9IX17T+---=1836+---.

2. Proton abundance: 7 o e 17.

The same geometric constant of the icosahedral vertex

figure determines both how heavy and how abundant pro-
tons are.

E. Sakharov conditions

All three Sakharov conditions [30] for baryogenesis are
naturally satisfied:

1. B violation: Fg — FEjg breaking produces 12 XY
leptoquark bosons.

2. C and CP violation: Complex 27 # 27 of Eg;
J ~ 107° from BD stiffness.

3. Non-equilibrium: Allen-Cahn crystallization at
z ~ 3.5 x 100 is first-order.

XII. STAGE 10: NOVEL PARTICLES AND
PREDICTIONS

A. Particle catalog

DCT predicts 34 novel particles beyond the Standard
Model:

TABLE VI. Novel particles predicted by DCT.

Particle Count Mass Detection
VR 3 8.3x 10" GeV Seesaw
X,Y leptoquarks 12 Mgur Tp
Famions 8 Mgut CKM

Z' (B-L) 1 Mcut Baryogenesis
D, D (color-3 Higgs) 9 Mcur Tp
P-boson (scalar) 1 4.4x1072°eV  BepiColombo

All 33 GUT-scale particles are inaccessible to current ex-
periments. The P-boson is the only novel particle de-
tectable near-term.

B. Proton decay

The bare GUT-scale lifetime:

M4
7_Igbare) = %UTS ~ 7.3 x 1036 yr. (38)
Qgur My

Brans-Dicke [20] stiffness enhancement:

TPOT) = 7(bare) ¢ (2w +3) = 7.3x10%0x 100,077 ~ Tx10*" yr.

(39)
This exceeds the Super-K bound [I9] by a factor of 3 x
107.

C. Neutrino sector

Right-handed neutrino mass:

M, 2 x 1016
= PGUT _ 2X T _83% 10 GeV.  (40)

M
BT 240




PMNS [39, 40] predictions:

1

pIPMNS) _ T aresin——— = 32.1° (meas: 33.4°), (41

12 1 55 ( ), (41)
1 1

sin? 03 = TR 0.025 (meas: 0.0222). (42)

Mass-squared splitting ratio:

2

Amiz,
2

Ams,

=2(f, —3) =34 (meas: 33.9, 0.3%)| (43)

D. Anti-predictions (falsifiers)

DCT makes 12 null predictions:

1. WIMP detection (ogr = 0 exactly)
2. Dark photon

3. Axion as dark matter

4. SUSY at LHC

5. Fourth-generation fermion

6. Large extra dimensions

7. Varying G (G/G = 0 exactly)

8. DM self-interaction

9. Fuzzy DM cores
10. Large tensor-to-scalar ratio r
11. Neutrinoless 88 (if m; = 0)
12. Fifth force > 1075 coupling

Any confirmed detection from this list would falsify DCT.

XIII. THE POLYTOPE LANDSCAPE

A. All six regular 4-polytopes
B. The 16-cell universe

The 16-cell (N = 8, z = 6, f, = 8) is the only other
polytope producing a physical condensate:
The 16-cell universe has m,/m. ~ 8: no stable atoms,
no chemistry, no life.

C. Triple selection

The 600-cell is selected by three independent criteria:
1. Densest packing: 5 cells/vertex (highest).

2. Correct gauge group: Only Eg — SM polytopes
are the 600-cell and the 120-cell; the latter has Py >
1 (unphysical).

3. Lowest entropy: Maximum occupancy, minimum
freedom.

The 600-cell vacuum is absolutely stable—there is no
lower-energy polytope vacuum to tunnel to.

XIV. THE COMPLETE CHAIN

The entire pipeline:

600-cell (geometry)
4 120 vertices, z=12, f, =20
Adjacency spectrum (linear algebra)

4 9 eigenvalues, Gruy =3701/6300
Binary icosahedral group 2I (group theory)
4 21| =120, 9 irreps, 0 complex
McKay correspondence (algebraic
geometry)

121 — Eg
GUT chain (representation theory)

\l/ Fg — E(;XSU(?)) — SM
Three generations (topology)

1 |21]/40=3
CKM mixing (flavor physics)

1 s12=1//fo, J=3.27x107°
Mass ratio (spectral geometry)

L mp/me = 2x153 +4p3 4+ 1/2°
Baryon asymmetry (topology + dynamics)
L= (2/120)e 7
Standard Model + Predictions

Every arrow is a mathematical theorem or direct physical
deduction. No free parameters enter at any stage.

XV. WHAT IS NOT DERIVED

Intellectual honesty requires cataloging the open gaps:

1. Absolute fermion masses. The mass hierarchy
beyond leading order is not derived. Democratic
Yukawa gives (my,0,0); the observed ratios need
Zs breaking.

2. Fine structure constant [I7]. Best candidate:
a~1/(¢% 4r) = 1/139.36 (1.7% from 1/137.036).
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TABLE VII. Physical properties of all six regular 4-polytopes. Only the 600-cell and the 16-cell produce physical condensates

(Po € (0,1)) with non-trivial physics.

Polytope N z fo Cells/vert XAvr McKay Gauge group Viable?
5-cell 5 4 4 1.0 — Ay — No
8-cell 16 4 4 0.5 — Ay — No
16-cell 8 6 8 2.0 0.984 0.031 E; SO(10) x U(1) Sterile
24-cell 24 8 8 1.0 — E; — No
120-cell 600 4 4 0.2 — Es — Po>1
600-cell 120 12 20 5.0 0.855 0.269 Es SM Yes

TABLE VIII. 600-cell vs. 16-cell.

Property 600-cell 16-cell
P 0.855 0.984
DM fraction 26.9% 3.1%
mp/me 1836 ~8
McKay algebra Egs E~
Gauge group SM SO(10) xU(1)
Chemistry Rich None

3. Strong coupling. Candidate: as =

(1/7)(1/9?) = 0.121 (3%).
4. Weinberg angle. sin® Oy ~ 2pmin = 0.382 (1.9%
from 3/8).

5. ‘Vub‘ (Sin 913).
CKM prediction.

6. CP phase dcp. 27/3 = 120° vs. measured ~
65°. (The sine values match, which is why J is
accurate.)

14.5% error—the least accurate

7. Absolute neutrino masses. Seesaw gives m, ~
0.04-0.7 eV depending on mp.

8. Zs cosmic string tension. Gu = 2.7 x 1076 vs.
Planck bound 1.1 x 10~7. Resolutions: metastable
or lower formation scale.

9. Generation mass hierarchy from spectrum.
Koide ratio [35] gives Q = 1.50 (should be 2/3).

10. Disformal screening. (1 — P)? is doubly moti-
vated but not rigorously derived from 5D Kaluza-
Klein [37, [38] geometry alone.

XVI. COMPARISON WITH OTHER

APPROACHES
A. String theory

String theory also produces Fg (heterotic string) and
generically predicts SUSY near the TeV scale. DCT ob-
tains Eg from a different geometric object (the 600-cell)

and predicts no SUSY. Most string compactifications
yield generation numbers depending on the Calabi-Yau
manifold; DCT gives Ngen = 3 topologically.

B. Loop quantum gravity

LQG derives discrete spacetime from spin networks.
DCT also has discrete geometry (the 600-cell lattice) but
additionally derives particle physics content, which LQG
does not address.

C. Lisi’s Eg theory

Lisi [24] proposed placing all SM particles in a single
Eg representation. This was shown to have a sign prob-
lem [25]. DCT uses Eg as a GUT group broken through
the standard chain, avoiding this difficulty.

D. Noncommutative geometry

Connes [26] derives the SM gauge group from a spectral
triple. DCT also uses spectral methods (the adjacency
spectrum) but additionally derives mass ratios and mix-
ing angles.

XVII. SUMMARY OF QUANTITATIVE

RESULTS

XVIII. CONCLUSION

We have presented the complete pipeline from a sin-
gle geometric object—the 600-cell regular 4-polytope—to
the Standard Model of particle physics. The derivation
proceeds through ten stages, each resting on established
mathematics, connected by the single physical premise
that the universe is a Bose-Einstein condensate with 600-
cell topology.

The chain is:

600-cell — 21 — Eg — Eg x SU(3) — SM + 3 gen.



11

TABLE IX. Complete quantitative results of the 600-cell to Standard Model pipeline. All predictions use z = 12, f, = 20; zero

free parameters.

Observable DCT prediction Measured value Agreement
Gauge group SU(3)xSU(2)xU(1) SU(3)xSU(2)xU(1) Exact
Generations 3 3 Exact
SM generators 12 12 Exact
sin 612 1/+/20 = 0.2236 0.2243 0.3%
sin 623 1/24 = 0.0417 0.0422 1.3%
sin 613 1/240 = 0.0042 0.00364 14.5%

J (Jarlskog) 3.27 x 107° 3.18 x 107° 3.0%
mp/me (tree) 1836 1836.153 0.008%
mp/me (2-loop) 1836.1528 1836.1527 9%10~°%
(mn—mp)/myp 1/720 = 0.001389 0.001378 0.8%

7 (baryon) 6.90x1071° 6.10x1071° 13%
Am3,/Am3, 34 33.9 0.3%
012 ™S 32.1° 33.4° 3.9%
sin® 13> 0.025 0.0222 11.6%
T 7x 10 yr > 2.4x10% yr Safe (107x)
Casimir identity 31 — Exact
Angular momentum identity 154 — Exact

Every link is a mathematical theorem. DCT’s contribu-
tion is the physical assertion that this structure is realized
in nature.

The results follow from two topological integers—z =
12 and f, = 20—with zero adjustable parameters. The
proton-electron mass ratio is derived to 9 parts in 108.
The Cabibbo angle is derived to 0.3%. The baryon asym-
metry is derived to 13%. The neutrino mass-squared ra-
tio is derived to 0.3%.

The pipeline also produces 12 anti-predictions. Cur-
rent data is consistent with all 12.

The 600-cell is uniquely selected among all six regular
4-polytopes: it alone produces both a physical conden-
sate and the correct gauge group. The 16-cell is the only
other physical polytope; its universe has no stable atoms.

The decisive experimental test comes from Bepi-

Colombo (2028) [6l [36], which will measure v — 1 with
precision 3 x 107¢. DCT predicts y—1 = —2.0x 1075, a
6.70 detection. This is a binary test: detection confirms,
null result falsifies.

The 600-cell does not merely describe particles. It IS
the particle content of the universe.

ACKNOWLEDGMENTS

The author acknowledges the use of Claude (An-
thropic) for computational assistance, literature review
support, and manuscript preparation. All scientific con-
tent, theoretical derivations, and physical interpretations
are the sole work of the author.

[1] N. G. Parrott, “Dimensional Coherence Theory: A
Brans-Dicke Condensate Unification of Gravity, Quan-
tum Mechanics, and Particle Physics,” Paper 0 (this se-
ries), Preprint DCT-2026-001.

[2] N. G. Parrott, “DCT IV: Derivation of the Standard
Model Gauge Group, Three Generations, and Proton
Stability from the 600-Cell Lattice,” Preprint DCT-2026-
005.

[3] N. G. Parrott, “DCT V: Derivation of the Proton-
Electron Mass Ratio, CKM Mixing Angles, and Baryon
Asymmetry from 600-Cell Spectral Identities,” Preprint
DCT-2026-006.

[4] N. G. Parrott, “DCT VIIIL: The 600-Cell as Fundamen-
tal Spacetime Lattice — Adjacency Spectrum, Spectral

Identities, and the v/5 Cancellation Theorem,” Preprint
DCT-2026-009.

[5] N. G. Parrott, “DCT I: Cosmological Parameters, Hy
Resolution, and og Prediction,” Preprint DCT-2026-002.

[6] N. G. Parrott, “DCT II: Solar System Tests and Bepi-
Colombo Predictions,” Preprint DCT-2026-003.

[7] N. G. Parrott, “DCT III: Dark Matter as Avrami Crys-
tallization — 175 SPARC Galaxies with Zero Free Pa-
rameters,” Preprint DCT-2026-004.

[8] J. McKay, “Graphs, singularities, and finite groups,”
Proc. Symp. Pure Math. 37, 183-186 (1980).

[9] P. Slodowy, Simple Singularities and Simple Algebraic
Groups, Lecture Notes in Mathematics 815 (Springer-
Verlag, Berlin, 1980).



[10] H. S. M. Coxeter, Regular Polytopes, 3rd ed. (Dover, New
York, 1973).

[11] J. H. Conway and N. J. A. Sloane, Sphere Packings, Lat-
tices and Groups, 3rd ed. (Springer-Verlag, New York,
1999).

[12] H. Georgi and S. L. Glashow, “Unity of All Elementary-
Particle Forces,” Phys. Rev. Lett. 32, 438-441 (1974).

[13] H. Fritzsch and P. Minkowski, “Unified interactions of
leptons and hadrons,” Ann. Phys. (N.Y.) 93, 193-266
(1975).

[14] F. Giirsey, P. Ramond, and P. Sikivie, “A universal gauge
theory model based on Eg,” Phys. Lett. B 60, 177-180
(1976).

[15] R. Slansky, “Group theory for unified model building,”
Phys. Rep. 79, 1-128 (1981).

[16] C. Jarlskog, “Commutator of the Quark Mass Matrices in
the Standard Electroweak Model and a Measure of Max-
imal CP Nonconservation,” Phys. Rev. Lett. 55, 1039—
1042 (1985).

[17] R. L. Workman et al. (Particle Data Group), “Review of
Particle Physics,” Prog. Theor. Exp. Phys. 2022, 083C01
(2022).

[18] N. Aghanim et al. (Planck Collaboration), “Planck 2018
results. VI. Cosmological parameters,” Astron. Astro-
phys. 641, A6 (2020); arXiv:1807.06209.

[19] K. Abe et al. (Super-Kamiokande
“Search for proton decay via p — eT7® and p —
Phys. Rev. D 95, 012004 (2017); arXiv:1610.03597.

[20] C. Brans and R. H. Dicke, “Mach’s Principle and a Rela-
tivistic Theory of Gravitation,” Phys. Rev. 124, 925-935
(1961).

[21] A. Terras, Fourier Analysis on Finite Groups and Appli-
cations (Cambridge University Press, Cambridge, 1999).

[22] P. Diaconis, Group Representations in Probability and
Statistics, IMS Lecture Notes—Monograph Series 11
(IMS, Hayward, 1988).

[23] A. G. Riess et al., “A Comprehensive Measurement of the
Local Value of the Hubble Constant with 1 kms™! Mpc ™1
Uncertainty from the Hubble Space Telescope and the
SHOES Team,” Astrophys. J. Lett. 934, L7 (2022);
arXiv:2112.04510.

[24] A. G. Lisi, “An Exceptionally Simple Theory of Every-
thing,” arXiv:0711.0770 [hep-th] (2007).

[25] J. Distler and S. Garibaldi, “There is no ‘Theory of Ev-
erything’ inside Fg,” Commun. Math. Phys. 298, 419-
436 (2010); arXiv:0905.2658.

Collaboration),
+7_l_0 ’77

12

[26] A. Connes, Noncommutative Geometry (Academic Press,
San Diego, 1994).

[27] C. R. Cabrera et al., “Quantum liquid droplets in a mix-
ture of Bose-Einstein condensates,” Science 359, 301-304
(2018).

[28] N. Cabibbo, “Unitary Symmetry and Leptonic Decays,”
Phys. Rev. Lett. 10, 531-533 (1963).

[29] M. Kobayashi and T. Maskawa, “CP-Violation in the
Renormalizable Theory of Weak Interaction,” Prog.
Theor. Phys. 49, 652-657 (1973).

[30] A. D. Sakharov, “Violation of CP Invariance, C Asym-
metry, and Baryon Asymmetry of the Universe,” JETP
Lett. 5, 24-27 (1967).

[31] E. P. Gross, “Structure of a quantized vortex in boson
systems,” Nuovo Cimento 20, 454-477 (1961).

[32] L. P. Pitaevskii, “Vortex lines in an imperfect Bose gas,”
Sov. Phys. JETP 13, 451-454 (1961).

[33] T. D. Lee, K. Huang, and C. N. Yang, “Eigenvalues and
Eigenfunctions of a Bose System of Hard Spheres and
Its Low-Temperature Properties,” Phys. Rev. 106, 1135~
1145 (1957).

[34] D. S. Petrov, “Quantum Mechanical Stabilization of a
Collapsing Bose-Bose Mixture,” Phys. Rev. Lett. 115,
155302 (2015); arXiv:1505.04975.

[35] Y. Koide, “New view of quark and lepton mass hierar-
chy,” Phys. Rev. D 28, 252-254 (1983).

[36] L. Imperi, L. Iess, and M. J. Mariani, “An analysis of
the geodesy and relativity experiments of BepiColombo,”
Icarus 354, 114041 (2021).

[37] T. Kaluza, “Zum Unitdtsproblem der Physik,” Sitzungs-
ber. Preuss. Akad. Wiss. Berlin (Math. Phys.), 966-972
(1921).

[38] O. Klein, “Quantentheorie und fiinfdimensionale Rela-
tivitatstheorie,” Z. Phys. 37, 895-906 (1926).

[39] B. Pontecorvo, “Mesonium and Antimesonium,” Sov.
Phys. JETP 6, 429 (1957).

[40] Z. Maki, M. Nakagawa, and S. Sakata, “Remarks on the
Unified Model of Elementary Particles,” Prog. Theor.
Phys. 28, 870-880 (1962).

[41] S. M. Allen and J. W. Cahn, “A microscopic theory for
antiphase boundary motion and its application to an-
tiphase domain coarsening,” Acta Metall. 27, 1085-1095
(1979).

[42] M. Avrami, “Kinetics of Phase Change. I. General The-
ory,” J. Chem. Phys. 7, 1103 (1939).



	Dimensional Coherence Theory XXI:From Polytope to Particles —The Complete 600-Cell to Standard Model Pipeline
	Abstract
	Introduction
	The problem
	The ten-stage pipeline
	Notation
	Relation to other papers

	DCT Framework
	Stage 1: The 600-Cell
	Combinatorial data
	Vertex coordinates
	The vertex figure
	Packing density

	Stage 2: The Adjacency Spectrum
	The adjacency matrix
	Eigenvalues and multiplicities
	The 5 cancellation theorem
	The LHY geometric factor
	The spectral gap

	Stage 3: The Binary Icosahedral Group 2I
	Definition
	The 600-cell as Cayley graph
	Frobenius-Schur classification

	Stage 4: The McKay Correspondence
	The theorem
	Construction of the McKay graph
	E8 roots from icosians

	Stage 5: The GUT Chain
	The breaking chain
	The E8 branching
	Each generation
	Second derivation: condensate multiplicity

	Stage 6: Three Generations
	The Z3 coset structure

	Stage 7: CKM Mixing Angles
	Democratic Yukawa matrix
	Mixing angles from topology
	The mixing hierarchy
	CP phase and the Jarlskog invariant

	Stage 8: The Proton-Electron Mass Ratio
	The Casimir spectral identities
	The mass formula: tree level
	The number 153
	Loop corrections
	The neutron-proton mass difference
	Mass ratio progression

	Stage 9: Baryon Asymmetry
	The raw asymmetry
	Annihilation suppression
	The baryon-to-photon ratio
	The dual role of 17
	Sakharov conditions

	Stage 10: Novel Particles and Predictions
	Particle catalog
	Proton decay
	Neutrino sector
	Anti-predictions (falsifiers)

	The Polytope Landscape
	All six regular 4-polytopes
	The 16-cell universe
	Triple selection

	The Complete Chain
	What Is Not Derived
	Comparison with Other Approaches
	String theory
	Loop quantum gravity
	Lisi's E8 theory
	Noncommutative geometry

	Summary of Quantitative Results
	Conclusion
	Acknowledgments
	References


