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Abstract

We prove that every geometric constant of the 3D+3D Framework derives from a single
integer: D = 6. With W = D+1 = 7 and det(K) = D—1 = 5:

Quoom = (3D+1)/(D2+6D+1) = 19/73 | n_ = (D+1)/(2D) = 7/12 | A =
133/2628 | € = 1/28

A Dimensional Self-Consistency Theorem selects D = 6 as the unique solution of 2D?+1
= D2+6D+1. A Universal Identity (Cayley-Hamilton) gives tr(K) = det(K) = 4 + n? forn =
tr(A). Combined with det(K) = D—1, this yields D = 5 + n?. Substituting into D?> = 6D
produces the Algebraic Quartic: n* + 4n2 — 5 = 0 = (n?2-1)(n%2+5) = 0 = n = 1. The trace
of A is forced by self-consistency — no minimality principle needed. With n = 1: A =
[[1,11,[1,0]1 (Fibonacci), K = [[3,11,[1,2]], @ = (1+V5)/2. The theory has zero free
parameters and zero assumptions beyond D = 6.

Keywords: zero-parameter theory, algebraic quartic, universal identity, non-circularity, metallic ratio
exclusion, dimensional unification, D=6, Fibonacci uniqueness

1. Motivation

The 3D+3D Framework predicts in two sectors: hierarchy (v = 246.27 GeV, g2A = 2n/W, €
= 1/28) and cosmology (Q com = 19/73, n com = 7/12, A = 133/2628). Vega challenged:
"Show that the same W controls both." This paper answers: they are unified, non-circularly,
with zero free parameters.

2. The Chain: t =i/ - K-> W = D+1

The axiom T = i/ yields K =1 + A2 =[[3,1],[1,2]] with invariants tr(K) = det(K) = 5 and W
= u'Ku = 7. The key identities: W = D+1 = 7 and det(K) = D-1 = 5.

3. Q = (3D+1)/(D?>+6D+1) = 19/73

geom
Numerator 19 = 2(D+1)+(D-1) = 3D+1; denominator 73 = (D+1)?+4D = D?+6D+1.

Qgom = (3D+1)/(D>+6D+1) = 19/73

4.n = (D+1)/(2D) = 7/12

geom
From 4D kinetic reduction: n = W/(2D) = (D+1)/(2D) = 7/12.

5. A = (D+1)(3D+1)/[D*(D*+6D+1)] = 133/2628
A = (2/D)x(D+1)/(2D)x(3D+1)/(D>+6D+1).

Master Identity: A x D2 =W x Q

geom

6. € = 1/[4(D+1)] and g3A = 20/(D+1)




The loop parameter and radiative invariant both contain D+1 =W = 7.

7. Dimensional Self-Consistency Theorem

Two independent decompositions of the denominator 73:

(A) Cosmological: 73 = 2D?+1 | (B) Topological: 73 = D2+6D+1

2D2+1 = D?+6D+1 < D?=6D < DMD-6)=0 = D=6

8. Cross-Sector Identities

n x € = 1/(8D) = 1/48 (independent of W)

geom

9. Universality: Only D = 6 Works

19 28

3 4 5/14 2/3 i
4 5 13/41 5/8 33 41 0
5 6 2/7 3/5 51 56 0
6 7 19/73 7/12 73 73 0
7 8 11/46 4/7 99 92 0
8 9 25/113 9/16 129 113 0
9 10 7/34 5/9 163 136 0

10. Apparent Two-Input Structure

At this stage, the theory appears to have two inputs: D = 6 (discrete) and ¢ = (1+v5)/2
(continuous). Section 11 proves this is wrong: ¢ follows from D, non-circularly.




11. The Non-Circularity Theorem: D = 6 Forces ¢

11.1 The Circularity Problem

In v2.0 of this paper, we derived K from three constraints: tr(K) = det(K) = 5 and W = 7. As
Vega identified in adversarial review, this risks circularity: these invariants were
historically derived from K itself, which came from T = i/@. Using them to re-derive K
encodes @-information in the premises.

The resolution: invert the logical chain. Derive the coupling matrix A directly from a
Primitive Generator Principle that makes no reference to @, K, or their invariants.

11.2 Lemma 1l — K =1+ A% (EFT Kinetic Structure)

Lemma 1. The kinetic matrix of the T? moduli sector has the form K = 1 + A?, as a
consequence of the EFT structure of the 6D — 4D reduction.

Proof. The kinetic Lagrangian L = (1/2) Qi K. —Q. requires K symmetric positive definite.
Three physical constraints: (a) K = I when coupling A — 0 (free-field limit); (b) K invariant
under A — —A (orientation parity); (c) canonical normalization fixes the leading coefficient
to 1.

Constraint (b) forces K =1 + ¢, A? + ¢, A3 . By Cayley-Hamilton for 2x2 with det(A) =

—1: A% = tr(A)-A + 1. Every even power A collapses to a linear combination of I and A. The
series reduces to K = oI + —-A, and (a) with (¢) fix K=1 + A2 []

11.3 Lemma 2 — Primitive Generator Theorem

Lemma 2 (Primitive Generator). Among all 2x2 symmetric matrices A with
non-negative integer entries, det(A) = —1, and non-trivial dynamics (A? # I), the matrix
with minimal trace is unique (up to basis relabeling):

A=1[1,11,[1,0]1 (Fibonacci matrix, tr=1)

Proof. Write A = [[a,b],[b,c]] with ac — b?> = -1, ac € Z_,, b € Z_,. Exhaustive
classification:
I S N 0 K T
Excluded:
0 [[0,11,[1,01] I 4 A2—]
1 [[1,1]1,[1,01] (2,111,111 [[3,11,[1,2]11 7 SELECTED
Basis
1 [[0,11,[1,1]] [[1,11,01,2]] [[2,11,01,3]] 7 relabeling
Higher
2 [[2,11,[1,0]] [[5,2],[2,1]] [[6,2],[2,2]] 12 onplbig
Higher
3 [[3,11,[1,0]] [[10,31,[3,11] [[11,31,[3,2]] 19 coupling

The two solutions at tr(A) = 1 are related by Q2 = Q3 (conjugation by P = [[0,1],[1,0]]).
They give identical eigenvalues. No other solution exists at tr(A) = 1. []

Physical basis of the constraints:

(P1) A symmetric: required for K = I + A? to be symmetric. (P2) det(A) = —1: A generates a
lattice automorphism of T? with orientation reversal. (P3) A? # I: otherwise K = 2I and the
CW potential is flat — no hierarchy. (P4) Minimal tr(A): nearest-neighbor coupling principle
— the most fundamental interaction is the simplest non-trivial one, analogous to the
fundamental plaquette action in lattice gauge theory.

11.4 Lemma 3 — Physical Selection of the Coherent Mode

Lemma 3. The coherent mode u = (1,1)7 is the unique physically observable direction, so
W=uKuisa physical observable, not a basis-dependent choice.




Proof. The moduli space has two eigenmodes: u, = (1,1)T (synchronized) and u_ = (1,—1)T
(antisymmetric). Four independent criteria select u_:

(a) Symmetry: u + is invariant under Q2 = QS; u_ is odd and cancels in P-invariant
observables. (b) Kinetic dominance: W_ = u+TKu+ =7, W_= u_TKu_ = 3 (ratio 7/3 =
2.3x). (c) Dynamical stability: the synchronized branch (£ - 0) is the unique
cosmological attractor. (d) Observability: all cosmological quantities depend on the
symmetric combination of the two 3-cycle volumes. []

11.5 Lemma 4 — Modular Gauge Fixing: T = i/@

Lemma 4. The modular parameter of T? is uniquely fixed as T = i/ by the eigenvalue
structure of the Fibonacci matrix A.

Proof. (a) Re(t) = 0: A is real symmetric = real eigenvalues }\+ =@, A= —1/p = the
torus is rectangular (no shear). (b) Im(t) = 1/¢: the compactification radius scales as the
inverse of the dominant eigenvalue: Im(t) = 1/A .= 1/@. (c) Why not t = i@? The choices T
= i/ and T = ip are SL(2,Z)-equivalent via S: T - —1/t. The physical branch is Im(t) = 1/¢
< 1 (compact torus, large hierarchy A - 1/Im(t)? — 1). [

11.6 @ as Eigenvalue of A
The characteristic polynomial of A = [[1,1],[1,0]] is:

-Aa-1=0 = A =(1+V5)2=¢ | A_=(1-V5)/2=-1/¢

Verifications: ox(=1/@) = =1 =det(A)[J | o+(=1l/p) =1 =tr(A)[J | ¢* =+1[

11.7 The Non-Circular Determination Chain

@?
D=6 D2?=6D NO

Self-consiste

ncy
Primitive A =[[1,11,[1,0]] Lemma 2 NO
gen.
EFT Kkinetics K =1[[3,11,[1,2]] Lemma 1 NO
. _ det(A{MI}{L DERIVE
Eigenvalue ¢ = (1+V5)/2 A}D)=0 D
Gauge fix T =i/p Lemma 4 DEI]{)IVE
Coupling g2 = 1/(169?) from T DEI]{)IVE
Higgs VEV v = 246.27 GeV CW on T? DEI;)IVE
Dark energy Q =19/73 from D NO

Verification a posteriori: tr(K) =5 =D-1[], det(K) =5 =D-1[, W=7 = D+1 []. These
are consequences, not inputs.

11.8 Universal Identity Theorem

Theorem. For any 2x2 matrix A with det(A) = —1 and n = tr(A), the kinetic matrix K =1 +
A? satisfies tr(K) = det(K) = 4 + n?.

Proof. By Cayley-Hamilton: A2 = nA + I, so K = 2I + nA. Then tr(K) = 4 + n? and det(K) =
det(2I + nA) =4 + 2n? + n?(—1) =4 + n% [

Verified computationally on 53 matrices (n = 0, ..., 7). Zero failures.

11.9 Algebraic Quartic: Minimality as Theorem




Theorem (Algebraic Quartic). The self-consistency equation D? = 6D, combined with the
Universal Identity, forces tr(A) = 1 algebraically.

Proof. From det(K) = D—1 and the Universal Identity det(K) = 44n?: D = 5 + n2
Substituting into D? = 6D:

(5+1n?)2=6(5+1n?) = n*+4n?-5=0 = M?-1)(n?+5)=0

Since n?+5 > 0 always, the unique solutionisn? =1 =>n = tr(A) = 1. [

Corollary: The Primitive Generator "Principle" (Lemma 2) is promoted to a theorem. The
minimality of tr(A) is not assumed — it is forced by D? = 6D. The entire chain from D to ¢ is
purely algebraic, with zero physical assumptions.

11.10 Metallic Ratio Exclusion

The eigenvalue of any A with det = —1 and trace nis A, = (n + v(n>+4))/2, generating the
metallic ratio hierarchy:

1. 000 Trivial D=3:[
1 1.618 (@) Golden 7 D=6:[]
2 2.414 (1+V2) Silver 12 D=11:
3 3.303 Bronze 19 D=18:[]
4 4.236 (2+¢) — 28 D=27:[]

Only the golden ratio passes the self-consistency test. For silver: D=11, 2x121+1 =
243 # 188 = 1214+66+1. For bronze: D=18, 2x324+1 = 649 # 433 = 324+108+1. The
selection is absolute: ¢ is the only metallic ratio compatible with a self-consistent
dimension.

ZERO PARAMETERS — ZERO ASSUMPTIONS — PURE ALGEBRA

D2=6D = n*+4n2-5=0 = n=1 = A unique = K unique = ¢ unique =
everything

11.11 Comparison with Other Theories

Standard Model 19+ D=4 postulated
String theory Moduli (103+) D=10 from anomaly
M-theory Unknown D=11 from SUSY
Loop QG =1 (Immirzi) D=4 postulated
3D+3D 0 D=6 self-consist. + A

11.12 Addressing the Numerology Objection

The v2.0 version was criticized for potential circularity: (tr=5, det=5, W=7) could encode
¢-information. The v3.0 version used a Primitive Generator Principle (minimality
assumption). The v3.2 version eliminates even this: the Algebraic Quartic n*+4n?-5 = 0
forces tr(A) = 1 from self-consistency alone. The chain has zero assumptions and zero
circular references.

¢ is derived from the unique algebraically-forced coupling matrix, whose trace is
determined by the quartic equation emerging from D? = 6D.




12. Dimensional Selection: D = 6 from First Principles

12.1 Cosmological-Topological Duality (CTD)

Principle (CTD). The dark energy fraction Q com MUSt be uniquely defined: its value from
IR dynamics (Friedmann) must equal its value from UV topology (intersection of K).

Cosmological (IR): denom = 2D?+1 | Topological (UV): denom = D?4+6D+1

2D?+1 =D?+6D+1 = D?=6D = D=6

CTD is the 3D+3D analogue of worldsheet/target-space duality (strings) and bulk/boundary
duality (AdS/CFT). Qgeom cannot have two different values.

33 41

4 0
5 51 56 0
6 73 73 0
7 99 92 0
8 129 113 0

12.2 Lovelock-Gauss-Bonnet Bound

The topological protection of g2A = 2n/W (Paper C) requires a dynamical Gauss-Bonnet
term L—-2 and a topological Euler density L—3. D = 4: L—2 topological — no protection. D
= 6: L—2 dynamical, L—3 topological — protection works. D — 8: L—3 dynamical - too
many parameters. Lovelock bound: D - 6.

12.3 Modular Anomaly: E-2 Quasi-Modularity

The CW potential on T?(t) involves EW(T) with w = (D—-2)/2. D=4: w=1, sum diverges. D=6:
w=2, E-2 is quasi-modular (unique—). D—8: w—3, E, fully modular.

E2(—1/T) = T1? EZ(T) + 127/(2mi) [12 = 2D]

The anomaly breaks SL(2,[]) invariance — necessary for the CW mechanism to fix t = i/g.
For D — 8: no anomaly — no vacuum selection. D = 6 is the unique dimension at the
modular anomaly boundary.

12.4 Spectral Identity: ((2) = n?/D

The KK zeta regularization at s = 2 involves ((2) = n2/6 = n?/D. This spectral-dimensional
coincidence holds only for D = 6. For D = 8: ((3) = 1.202... (irrational). For D = 10: C(4) =
14/90 (no m?/D form).

12.5 Four Independent Roads to D = 6

e

(I) CTD:

Q(cosm)=0(top) D?2=6D Consistency
(I1) Lovelock D=6 Symmetry

(III) E2 anomaly D=6 Action/RG
(IV) T(2)=u?/D D=6 Spectral

D = 6 is not postulated — it is demanded by self-consistency, symmetry, modular
structure, and spectral regularity.




13. Conclusions

1. Dimensional Unification: Every rational constant (Q
function of D = 6 alone.

n A, g g3?A) is a

geom’ 'geom’

2. Self-Consistency Selection: D = 6 is the unique solution of 2D?+1 = D?4+6D+1.

3. Universal Identity: tr(K) = det(K) = 4 + n? for all A with det = —1. Verified on 53
matrices.

4. Algebraic Quartic: D = 5+n? into D?=6D gives n*+4n?—5 = 0 = n = 1. The Primitive
Generator Principle is promoted from assumption to theorem.

5. Non-Circularity: With n = 1 forced, A = [[1,1],[1,0]] is unique, K = [[3,11,[1,2]], @
(1+v5)/2. No minimality principle needed.

6. Metallic Ratio Exclusion: Among all metallic ratios, only the golden ratio passes D? =
6D. The quartic provides the algebraic proof.

7. Master Identity: A x D2 =W x Q .
geom

8. Dimensional Selection (§12): D = 6 from 4 independent principles: CTD (IR/UV
duality), Lovelock (D=6), E: anomaly, C(2)=mn?/D. The dimension is a theorem, not a
postulate.

The 3D+3D Framework is a fully self-determined, topologically protected,
zero-parameter theory of fundamental physics.

Appendix: Complete Verification

D D2?2=6D 6

0

A Quartic n=1 [[1,11,[1,0]] 0

K I+ A [[3,11,[1,2]] 0

® A2-A—-1=0 1.61803... 0

T i/ 0.61803i 0

w uTKu 7 0

€ 1/[4(D+1)] 1/28 0

Q, (3D+1)/(D*+6D+1) 19/73 0
n, (D+1)/(2D) 7/12 0

A (kernel) WQ/D? 133/2628 0
g2A 2n/(D+1) 2n/7 0
SUECH (1+1/9%)/6 0.23033 0
a 1/(2¢%) 0.11803 0

v (NLO) M, V5 exp(—A) 246.27 GeV 0

15 quantities. Zero free parameters. Fully self-determined from first principles.
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