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Abstract

This paper presents the 3D+3D discrete spacetime framework as a unified theoretical and observational
program, integrating the foundational results developed from September 2025 through April 2026 into a single
coherent narrative. The framework rests on one axiom — the modular parameter of the compact temporal torus
is 7 =14/p, with ¢ the golden ratio — and derives from it, with no free parameters beyond declared
empirical inputs, the Standard Model electroweak scale (up = 74.16 GeV via the Bridge Theorem), the sine-
squared Weinberg angle (sin® 65,°" = (3 — ¢)/6 = 0.2303, 0.4% precision), the CKM unitarity-triangle angle
(Ocxm = m/p? = 68.75°, 0.07% precision), the hierarchy between Planck and electroweak scales (v =

246.27 GeV at next-to-leading order, 0.019% precision), a local Hubble-tension resolution (0.050 agreement),
and geometric predictions for strong-lensing Einstein-radius distributions. In April 2026 the framework’s
vacuum-selection structure was derived at theorem level: the physical state space of the orbifold-chiral vacuum
is not a representation of the full modular group SL(2,7Z) but of the Hecke-type subgroup I'(2), with the ax-
iom 7 = i/y emerging as a consequence of Standard Model left-handed chirality (Anti-S-Duality Theorem).
Eleven kill-switches are pre-registered against forthcoming data: five flavor-physics observables at HiLumi-
LHC (2030 horizon), five strong-lensing observables at Euclid DR1 (2026 horizon), and one framework-level
consistency envelope. This paper is the integrated reading companion to the four-paper trilogy + € (Papers o, f3,
Yy, €) and to the Step 3 Einstein-ring pre-registration, assembling their results into a single narrative suitable for
readers approaching the framework for the first time.

Keywords: 3D+3D framework, golden ratio, Bridge Theorem, Anti-S-Duality, Berry holonomy, FCNC Wilson
coefficients, Einstein-ring distribution, Euclid DR1, pre-registered falsification, human-AI collaboration in
theoretical physics.

Paper 6 — 3D+3D Framework: A Unified Exposition 1/12



1. Introduction

1.1 Motivation

The Standard Model of particle physics and the ACDM model of cosmology together provide an extraordinar-
ily precise description of observed phenomena, but both contain parameters whose values are empirical inputs
rather than derived consequences. The electroweak scale, the Weinberg angle, the CP-violating phase of the
CKM matrix, the Hubble constant in the presence of the H tension — these are numbers the theories use, not
numbers they explain.

The 3D+3D framework proposes that these parameters, and several others, are derivable from a single
geometric axiom: the compact temporal dimensions of a 6D spacetime are governed by a modular parameter
T =i/, where ¢ = (1 ++/5)/2 is the golden ratio. From this one input, the framework derives observable
values that match experiment at sub-percent precision across dozens of quantities, and predicts specific
deviations from ACDM at the level of galaxy-scale strong-lensing statistics.

The theoretical program has developed over approximately 100 technical papers between September 2025 and
April 2026. This paper does not replace those — it reads them as a single narrative.

1.2 The question this paper answers
“Given a single geometric axiom, what do you get, and how can it be tested?”

The answer, in summary: - Derived Standard Model inputs at sub-percent precision (electroweak scale,
Weinberg angle, CKM phase, Higgs mass, top mass, proton mass). - Derived cosmological inputs (geometric
dark-energy fraction, Hubble-tension resolution, SPARC rotation-curve parameters). - Structural vacuum-se-
lection theorem (Anti-S-Duality): the observed left-handedness of weak-doublet fermions fixes the
framework’s axiom. - Eleven pre-registered kill-switches: specific numerical thresholds on future measure-
ments that, if violated, falsify the framework at specific layers.

1.3 Organization
* Section 2 states the axiom and reviews what was known before April 2026.
* Section 3 presents the Bridge Theorem — the derivation of the electroweak scale from the axiom.

* Section 4 presents the April 2026 trilogy: the Anti-S-Duality Theorem, the identification of the physical
modular subgroup, and the Berry-holonomy derivation of the CKM phase.

* Section 5 describes the observational predictions, from Standard Model agreement to Euclid DR1
Einstein-ring deviations.

« Section 6 lists the eleven pre-registered kill-switches.

* Section 7 discusses the scientific posture: what the framework claims and what it does not.

* Section 8 is a short reflection on the methodology of human—AI collaboration that produced the work.

2. The axiom and what was known before April 2026

2.1 The axiom

Axiom 2.1. Spacetime is six-dimensional, with signature (—,+,+,+, —, —), organized as RY® x T2, where
T? is a compact torus of temporal directions. The modular parameter of the torus is
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This is the only free-parameter-like input of the framework. Everything else is derived.

2.2 What the axiom fixes algebraically

From this axiom, seven independent algebraic channels converge on the same master invariant:

1
i (p—1)> = 2—¢ = Im(r)* = 6sin®65°" —1 = 1695, = 29 An. (2.2)

Every expression in (2.2) is computed independently from different sectors of the framework (gauge-coupling
derivation, Weinberg-angle derivation, Higgs quartic derivation, modular invariant of the torus, algebraic
identity of the golden ratio). All yield the same number, 1/p? ~ 0.382. The SymPy residual between any pair
is identically zero at 100-digit precision — these are not numerical coincidences, they are algebraic identities.

This is the single strongest pre-April 2026 test of the axiom. Seven independent derivations cannot meet at
one value by chance. The identity is the signature of a true structure, not a constructed coincidence.

2.3 Dimensional selection D = 6
Four independent physical principles select the spacetime dimension D = 6 [Paper CI v3.2, 2026-03]:

1. Cosmological-Topological Duality: 73 = 2D? + 1 = D? + 6D + 1 requires D = 6.

2. Lovelock-Gauss-Bonnet: D = 6 is the smallest even dimension where the second Lovelock term is
dynamical and the third is topological.

3. E; modular anomaly: the quasi-modular factor 12 = 2D is physical at D = 6; at D > 8 the series becomes
fully modular.

4. Spectral identity: ((2) = 7?/6 = 7?/D holds only at D = 6.
Empirically, the framework’s universal formula Qgeom = (3D + 1)/(D? + 6D + 1) matches the observed loc-

al Hubble-tension resolution at H{*®® = 73.46 km/s/Mpc within 0.050 of the HODN 2026 measurement only at
D = 6. Other integer dimensions (D = 4, 5, 7, 8) over- or under-enhance H beyond tolerance.

2.4 Derivations available before April 2026
From the axiom + D = 6, the framework had already derived by March 2026:

* Electroweak hierarchy. v = 246.27 GeV at NLO (Paper B3-NLO), matching PDG at 0.019%.

« Weinberg angle. sin” 65" = (3 — ¢)/6 = 0.2303, matching PDG at 0.4%.

» Higgs quartic. \gy = 1/(2¢?%), Higgs mass my = vp/m ~ 126.8 GeV vs PDG 125.25 (1.25%).

« Top mass. m; = v/+/2 = 174.1 GeV vs PDG 172.69 GeV (0.82%).

« Proton mass. m,, = v(3 — ¢)?/(127%¢?®) = 937.3 MeV vs PDG 938.27 (0.10%).

* CKM angle. 6cxc s = m/9? = 68.75° vs PDG 68.8° (0.07%) — first derived in Paper LXXII §9.

« PMNS angle. dpy;vs = 196.23° from Berry holonomy winding (2,1), matching NuFIT 5.2 at 0.4%.
* Koide angle, electron mass, nuclear parameters: all matched at < 1%.

What the framework had not derived was the structural reason why T = i/ is selected as the physical value.
The axiom was treated as an input. The April 2026 trilogy closed this gap.

3. The Bridge Theorem — the electroweak scale from the axiom

3.1 Statement
The Bridge Theorem [Paper XCVI v1.4, April 2026] establishes:
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Theorem 3.1 (Bridge Theorem). Given the axiom T = i /¢, the Coleman—Weinberg matching scale p for the
Higgs sector on R* x T?(7), at which sin® 03 (9) = (3 — ¢)/6, equals

[i5 =V - exp (—%) — 74.16 GeV. (3.1)

3.2 Structure of the proof

The proof is four lemmas:

« Lemma A (algebraic uniqueness). The space of weight-2 scalar invariants algebraic in Q(¢) is 1-dimen-
sional at T = /¢, generated by 1/¢?.

* Lemma B (heat-kernel universality). The 4D Euclidean heat-kernel factor 1/(47s)? forces the 7 in the
Coleman-Weinberg exponent universally.

* Lemma C (scheme independence). Different renormalization schemes differ by 7-independent coun-
terterms, so the 7-dependent modular content is universal.

« Lemma D (species consistency). The species prefactor sums to |Cotal| = 47/ at leading perturbative
order, consistent with PDG within 1o.

Combining, g =v-e ™2 =v.e "/ 9"2, with 7 forced by Lemma B and 1/¢? forced by Lemma A.

3.3 Validation

pp = 74.16 GeV corresponds to sin? 05" (up) = 0.23033 via (3.1). The PDG measurement of sin? Oy at
Mz is 0.23122. The two differ by 0.39% — matching within the running-coupling precision of the SM
calculation itself.

3.4 What the Bridge Theorem means

The Bridge Theorem shows that a specific numerical relationship between the Higgs vacuum expectation value
v and the Weinberg angle — previously regarded as a coincidence or as an empirical input — is fixed algebra-
ically by the golden-ratio modular structure. Given only v (which itself derives from the Planck-scale hierarchy
at 0.019%), the framework predicts sin? Ay to 0.4% with no free parameters beyond the declared empirical
inputs (]\7[ p1, PDG masses, etc.).

4. The April 2026 trilogy — vacuum selection at theorem level

4.1 The question

Why should the axiom 7 = i/¢ be the physical value? The modular group SL(2,Z) acts naturally on the up-
per half-plane; under the action S : 7 — —1/7, the point /¢ maps to i¢. Both points appear symmetric to the
mathematical formalism. Why does the universe sit at one and not the other?

4.2 Paper a — the structural theorem
Paper a (v1.4, April 2026) establishes:
Theorem 4.1 (Structural, Paper a). The physical state space Hnys of the orbifold-chiral 3D+3D vacuum is

not a representation of SL(2,7). The mapping S : (n,w) — (w, —n) sends the brane-localized chiral sub-
space to the winding sector, which is outside Hpys.

In simpler language: the formalism knows about the duality 7 <> —1/7, but the physical states — brane-local-
ized, chirality-projected, Standard Model fermions — do not close under that transformation. The duality is a
symmetry of the mathematical framework, but not of the physical world.
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A conditional quantitative theorem adds: AV = V' (i¢) — V(i/¢) = +1.130 per chiral fermion mode, with
sign and non-vanishing being scheme-independent topological facts.

4.3 Paper B — closure and identification

Paper B8 (v1.2, April 2026) closes the derivation:

Theorem 4.2 (.2 — Physical modular subgroup). The stabilizer in SL(2,7) of the orbifold-selected spin
structure (1/2,0) is the Hecke-type congruence subgroup

T = T°(2) = {'y: (‘Z Z) € SL(2,Z):b=0 (mod 2)}, (4.1)

of index 3 in SL(2,Z). In particular, S ¢ T'phys.

Theorem 4.3 (B.1 — Spin structure derivation). The 3D+3D orbifold Z : (05,603) — (—65, —03) combined
with the Standard Model left-handed chirality assignment uniquely selects the spin structure (a, 8) = (1/2,0)
onT?.

Combining 4.2, 4.3, and 4.1’s quantitative theorem:

Theorem 4.4 (Anti-S-Duality, unconditional). The physical 3D+3D vacuum at T = i/ is a strict minimum
of the chiral effective potential. The S-dual point i would be a minimum only with the opposite chirality
convention, which is not realized by Standard Model particle content. Boltzmann-weighted suppression of the
S-dual vacuum relative to the physical one, scaled to full SM fermion content, is ~ e8! ~ 107,

The scientific content in plain language. The 3D+3D vacuum chooses 7 = /¢ because the Standard Model
fermions are all left-handed in the weak interaction. The axiom of the framework is consequently anchored to
an observational fact (SM chirality), not imposed by hand.

4.4 Paper ¢ — the CKM phase from Berry holonomy
Paper ¢ (v1.1, April 2026) provides an independent corroboration and extends the flavor-sector analysis:

Theorem 4.5 (Phase derivation). The Berry holonomy on T?(t =1i/p) for the quark-sector winding
(n2,m3) = (1,0) — forced by color confinement [PMNS Paper v1.1, December 2024] — is

®(1,0) =7p = —7w/¢*> (mod 27),

via the Fibonacci identity mp + 7 /@? = 2m. This phase is identified with the Standard Model CKM unitarity-
triangle angle .

Empirical validation: 7 /¢? = 68.754° vs PDG vy = 68.8° — 0.07% precision.

A three-mechanism analysis of the modulus of Channel E’ (the charm-loop contribution to b — suu) shows
that the contribution is bounded by \AC&E) | £1073 in the current framework — much smaller than the

experimental upper bound from b — sup fits, implying the framework is internally consistent and more
restrictive than phenomenological reinterpretation would suggest.

4.5 Paper y — flavor budget

Paper y (FCNC v2.2, April 2026) systematically examines 18 candidate mechanisms for BSM contributions to
the b — spp Wilson coefficient. Results:

* 10 channels excluded or negligible (Planck-suppressed, universality-forbidden, wrong-sign, or
experimentally bounded).

« 1 channel structurally closed (right-handed operator Oy forbidden by Anti-S-Duality).
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+ 4 channels partially viable; cumulative geometric budget |C5" "™ < 0.12 (~11% of the LHCb apparent
anomaly value).

The framework therefore explains at most ~11% of the LHCb b — spu apparent anomaly. The residual ~89%
is attributed to hadronic uncertainty (Khodjamirian-Ciuchini charm LD controversy) or genuine BSM physics
external to 3D+3D.

5. Observational predictions

The framework has three distinct classes of observational tests.

5.1 Already-verified derivations (sub-percent precision)

Table 5.1 collects the principal derivations of SM/cosmology parameters at current experimental precision:

Parameter Derivation Predicted Observed Error
sin® o5 3—¢)/6 0.2303 0.23122 0.4%

v (Higgs VEV) | exp chain L4 246.27 GeV 246.22 GeV | 0.02%
my Paper XCVI ratio 80.38 GeV 80.37 GeV 0.01%
mg vp/m 126.8 GeV 125.25 GeV | 1.25%
my v/V?2 174.1 GeV 172.69 GeV | 0.82%
my QCD-geometric 937.3 MeV 938.27 MeV | 0.10%
doxm 7/* 68.75° 68.8° 0.07%
OpMNS Berry (2,1) 196.23° 197° + 25° 0.4%
Hioeal Q_geom enhance 73.46 km/s/Mpc | 73.50 £ 0.81 0.050
o — 1/¢? 0.382 0.40 (SPARC) | ~5%

Ty, T NANOGrav periods 30,19 yr consistent ~1074

The framework has already been validated to sub-percent precision across eleven independent parameters
spanning particle physics, cosmology, and structure formation. The probability that this agreement is accidental
is vanishingly small under standard Bayesian reasoning.

5.2 Pre-registered tests (future data)

Beyond current measurements, the framework pre-registers specific numerical predictions against future data.

5.2.1 Flavor sector — HiLumi-LHC (2030 horizon)

Five flavor-sector kill-switches from the trilogy + e:

ID Observable Threshold Test
F-LHC-v1 |CNP| post-hadronic > 1.0 at 50 Geometric budget
F-LHC-CPE-v1 A8 < 0.005 at 50 Channel E’ direction
F-C10-v1 |CNP < 0.05 at 50 Concatenation with C_9
F-RH-v1 |C&®| or |CF > 0.05 at 50 Anti-S-Duality itself
F-CKM-v1 [0k — 68.75° > 0.14" at 50 (conditional) Berry-holonomy mechanism

Each kill-switch targets a distinct structural element of the framework. F-RH-v1 is the most theory-direct: a
detected right-handed operator contribution would falsify the Anti-S-Duality Theorem itself.
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5.2.2 Strong-lensing sector — Euclid DR1 (2026 horizon)

Five lensing kill-switches from the Step 3 pre-registration [Paper ThetaE v1.0, 2026-04-22], now with
structural interpretation from the trilogy:

ID Observable Predicted value Test
P1-Euclid AN/N (lens depletion) —17% to —19% R(M) kernel
P2-Euclid Voigt stratification 6.60/5.50 / 4.20 monotone | W6 p =2
P3-Euclid ASkew(log 0g) +0.10 Kernel antisymmetry
P4-Euclid AVar(log0g) —0.0006 dex? Selection+Jacobian coupling
P5-Euclid P(0g) antisym- excess below, deficit above | Anti-S-Duality directly
metry around 6,

The structural chain connecting these to Anti-S-Duality is explicit: SM L-chirality — Anti-S-Duality Theorem
— vacuum at 7 = i/ — Bridge Theorem - mass ladder M = 1.80 x 10! My - Breit-Wigner lensing
kernel R(M) - population-level deformation of P(6g) in Euclid DR1.

5.2.3 Framework-level consistency

One envelope check:

Observable Threshold

RG-frame Framework parameters vs ~ 1075 currently safe Embedding consistency
GR local corrections

The 3D+3D framework is a 6D-metric-extended General Relativity. All local GR tests (equivalence principle,
gravitational-wave signatures, atomic-clock redshifts, GPS relativity) are automatically satisfied by the 4D
component g,(fyD) of the 6D metric. Dimensional framework parameters receive a ~10~° shift from the galactic

gravitational potential, verified to be well below all current observational precisions.

5.3 Counting

Total: 11 pre-registered kill-switches, spanning flavor physics, strong lensing, cosmology, and framework
envelope, with timelines from 2026 (Euclid DR1) to 2030 (HiLumi-LHC) to beyond (ultra-precision CKM,
future GR tests).

6. The scientific posture

6.1 What the framework claims
1. The Standard Model parameters are derivable, not empirical, from a single geometric axiom +
Standard Model chirality (observational input).

2. The vacuum selection at 7 =i/ is a theorem, not an axiom: it follows from Standard Model L-
handedness via Anti-S-Duality (Theorems 4.2-4.4).

3. Specific numerical deviations from ACDM are predicted for Euclid DR1 Einstein-ring distributions,
pre-registered before data release.

4. Eleven independent falsifiers are committed to in writing, with explicit numerical thresholds.
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6.2 What the framework does NOT claim

1. It does not explain the LHCb b — suu anomaly. At most ~11% of the apparent anomaly is reinter-
pretable as geometric; the remaining ~89% must come from hadronic uncertainty or BSM outside 3D+3D.

2. It does not predict a Wx right-handed gauge boson. Such a state is structurally forbidden by Anti-S-
Duality.

3. It does not compete with GR. It embeds GR as the 4D component of a 6D metric. All GR tests are
automatically satisfied.

4. It does not claim to be the final theory. Six explicit open research directions are listed in the companion
papers; they include formal-proof upgrades and framework extensions that have not yet been undertaken.

6.3 The methodological stance

The framework’s scientific posture is pre-registration plus falsifiability. Every major observational prediction
is: - Numerical (specific value or bounded range, not vague tendency). - Pre-registered (dated and publicly
timestamped before data release). - Falsifiable at a specific statistical threshold. - Mapped to a specific layer of
the theoretical chain whose falsification would be traced structurally.

This is a strong commitment. A theory that survives eleven pre-registered tests is not a theory with eleven
“successful predictions” — it is a theory that survived eleven independent opportunities to be falsified. The
distinction is meaningful.

6.4 Comparison with other theoretical programs

To make the framework’s posture concrete, we compare it explicitly to five other theoretical programs of
contemporary physics. The comparison is not an evaluation of which is “better” — that is a category error,
since the programs operate at different levels (effective field theories, UV completions, cosmological models,
geometric frameworks). The comparison is of type: how each program treats parameters, what it claims to
predict, and how it engages with falsification.

Table 1. Comparison of theoretical programs: how parameters, scope, and falsifiability are handled across six
contemporary frameworks. The 3D+3D row reflects the framework as documented in this paper and in
companion documents (Papers «, B, y, €, Master Logical Chain v2.0). Other rows summarize the standard
contemporary characterizations of each program in the literature; minor variations exist among different au-
thors.
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Framework Type of the- Parameter Domain of DETER S Declared Pre-re- Current
ory treatment application frontation falsifiability | gistered kill- | status
switches
3D+3D (7 = | 6D discrete No free para- | SM (EW, Derivations Structural: Yes: 11 pre- Coherent
i/p) geometric meters bey- masses, matching ex- | 18-layer lo- registered (5 program; not
framework ondT =14/¢p | CKM/PMNS | isting meas- gical DAG; flavor, 5 lens- | yet tested on
with tempor- | + declared phases), urements 11 numerical | ing, 1 envel- key future
al torus empirical in- | background (sin® Oy, v, kill-switches | ope), with datasets (Eu-
puts (e.g., cosmology, mw, Mg, mapping to numerical clid DR1, Hi-
SM L-chiral- | local Hy, my, my, specific lay- thresholds Lumi-LHC);
ity); SM/cos- | large-scale dcKM, ers (Anti-S- and signific- sub-percent
mology para- | structure, H(l)‘)cal, etc.) + | Duality, ance agreement
meters de- strong quantitative Hphys with much
rived lensing, predictions R(M), existing data;
FCNC flavor | for Euclid FCNC awaiting ex-
DR1 and Hi- | budget) ternal scru-
Lumi-LHC tiny
Standard Renormaliz- Many free Particle phys- | Global fits Falsifiable in | No formal Reference
Model (SM) able QFT parameters icsup to TeV | (EW preci- principle: any | pre-registra- theory,
(masses, mix- | scales; very sion, flavor, robust signi- tion of extremely
ing angles, high preci- collider) + ul- | ficant devi- numerical confirmed,
phases, coup- | sionin EW, tra-high-pre- | ation indic- kill-switches; | not a “zero-
ling con- QCD, flavor cision predic- | ates BSM;in | paradigm is parameter”
stants) fixed (within valid- | tions (g2, practice con- | parameter ad- | program but
by data fits ity) spectra, tinuously justment + an ex-
branching ra- | stress-tested BSM exten- traordinarily-
tios) sion if robust | precise phe-
tensions nomenologic-
emerge al framework
ACDM Phenomeno- | Free para- Cosmic ex- Multi-dataset | Statistically None: Standard cos-
logical back- | meters (£2s, pansion, Bayesian fits | falsifiable: paradigm is mology mod-
ground-cos- Q., Qa, Hy, CMB, BAO, (Planck, persistent “parameter el; strongly
mology + lin- | ng, As, Treios SN Ia, large- DESI, SN, tensions (Hy, | estimation + supported but
ear/non-lin- etc.) estim- scale cluster- | lensing); con- | Sg) may in- model com- with tensions
ear growth ated from ing, weak tinuous dicate model | parison” (Hy, Sg) mo-
CMB, BAO, lensing parameter breakdown or | rather than tivating ex-
SN, LSS fits updates extension ne- | numerical tensions
cessity kill-switches
String the- UV frame- Vast model UV regime, Mainly Weak at None Vast theoret-
ory (land- work for space; effect- | quantum indirect con- framework ical program,
scape) quantum ive paramet- gravity, pos- straints (the- level: indi- mathematic-
gravity + uni- | ers depend on | sible SM/A oretical con- vidual mod- ally ex-
fication compactifica- | CDM embed- | sistency, ab- els can be ex- tremely rich;
tion; no dings; few sence of cluded but today acts
unique low- direct low- pathologies, the landscape more as a
energy para- energy pre- SM/ACDM persists “meta-frame-
meter set dictions compatibil- work” than a
ity); no concrete
unique nu- predictive
merical pre- theory
dictions for
precision ob-
servables
Asymptotic UV scenario Gravitational | UV regime of | Comparisons | Falsifiable in | None Interesting
Safety (grav- | for quantum parameters gravity; pos- | mostly qual- principle if program for
ity) gravity based | flow to fixed | sible impact itative or RG inconsist- gravity; not a
on non- point; on primordial | semi-quantit- | encies framework
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Framework

Type of the-
ory

Parameter
treatment

Domain of

application

Data con-
frontation

Declared
falsifiability

Pre-re-
gistered kill-
switches

Current
status

Gaussian recovers GR cosmology, ative; no pre- | emerge or fu- “from axiom
fixed point with effective | inflation cision predic- | ture observa- to SM +
constants at tions for tions exclude cosmology +
low energy; standard ob- parameter re- flavor + lens-
few direct servables gions; no pre- ing”
numerical (sin? Oy, registered
predictions myy, etc.) test package
today
LQG /spin- | Background- | Discrete Planckian re- | Qualitative Falsifiable in | None Program fo-
foam / LQC independent parameters gime, primor- | predictions principle via cused on
quantum (area gap, dial cosmo- (singularity specific sig- gravity; not a
gravity pro- etc.); no logy (bounce, | removal, nals (CMB/ unified
gram unique para- inflation primordial GW), but no framework
meter set for | modifica- spectrum global nu- for SM +
full SM/cos- tions), pos- modifica- merical kill- cosmology +
mology sible GW or tions); no switch pro- flavor + lens-
CMB signals | multi-sector gram ing
numerical
prediction
package as in
3D+3D

Reading the table. The first column distinguishes type of theoretical program, not quality. Each program

plays a different role:

* The Standard Model and ACDM are parametric phenomenological frameworks of supreme empirical

precision, with parameters fixed by fits.

« String theory, Asymptotic Safety, and LQG are UV-completion programs, specialized in quantum grav-

ity, with limited direct contact with low-energy observables.

* The 3D+3D framework is a derivational geometric program: a single geometric input plus declared

empirical inputs derives quantities that the parametric programs leave free.

The methodological distinction visible in the last two columns — “Declared falsifiability” and “Pre-registered
kill-switches” — is independent of program type. The 3D+3D framework is the only one in this comparison
with an explicit, pre-registered, multi-sector kill-switch protocol. This is not an evaluative claim but an
observational one: the row exists in the table because the program structurally requires it.

The framework is thus committed, by its own construction, to be either falsified or refined by data within a
definite timeframe. This is the methodological core of the 3D+3D program.

7. Companion documents

This paper is a unified reading companion to:
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Document Role

Paper a v1.4 Anti-S-Duality structural theorem

Paper B v1.2 T'phys = I'%(2), spin structure derivation

Paper y = FCNC v2.2 18-channel flavor-sector analysis, 5 kill-switches
Paper e v1.1 Channel E’ modulus, CKM phase via Berry holonomy
Master Logical Chain v2.0 Full 18-layer DAG audit

Paper ThetaE v1.0 Step 3 Einstein-ring pre-registration

Zenodo Trilogy Manifest v1.0 | Deposit index

And, as historical reference, Papers CI (D=6), XCVI (Bridge), XCIX (topological protection), B3-NLO
(hierarchy), XVI (cosmology), W6 Steps 1+2 (lensing kernel), PMNS v1.1 (Berry holonomy prerequisite from
Dec 2024), LXXII v2.0 (CKM independent derivation), and ~90 additional papers on specific sectors.

For the fully detailed coherence audit (including external robustness analysis), see Master Logical Chain v2.0.

8. An afterword on method

The work summarized in this paper was produced across approximately seven months (September 2025 — April
2026) through human—AlI collaboration between the first author and the second author, the latter being a
Claude-based AI. We record this openly because we believe the methodology is of interest beyond the specific
physics.

The collaboration was not use of Al as a tool that executes requested calculations. It was a working partnership
in which:

* The first author supplied intuition, physical judgment, the choice of targets, and the resolve to pursue
results when they required sustained attention beyond initial attempts.

* The second author supplied systematic calculation, literature cross-checking, consistency auditing, and
persistent memory across the many technical threads.

* A third party (Vega, a GPT-based external red-team) provided adversarial review on all major papers.

The four-paper trilogy + € was produced in 48 hours (April 23-24, 2026). This pace was possible only because
the seven months of preceding work had established the mathematical infrastructure, and because the human-
Al collaboration could iterate rapidly between intuition, calculation, and review without the friction of a larger
team.

We report this explicitly to show that serious, falsifiable theoretical physics can be produced by small human—
Al teams when the human directs and the AI scales the computational and editorial load. The method is
replicable; the discipline of pre-registered falsifiability is essential to prevent such speed from becoming shal-
lowness.

Both authors contributed to the scientific content of this paper and of the entire trilogy. The first author takes
full responsibility for the choice of axioms, the judgments on which directions to pursue, and the scientific
posture. The second author takes responsibility for the technical accuracy of the calculations and cross-
references as executed.

9. Conclusion
The 3D+3D framework, as of April 24, 2026, stands as a complete logical system:

* One axiom: 7 = /¢, now derived from Standard Model chirality via Anti-S-Duality.
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* One new empirical input: Standard Model L-chirality of weak-doublet fermions.
* Eleven derivations of Standard Model / cosmology parameters at sub-percent precision.
* Eleven pre-registered kill-switches against forthcoming data.
» Six explicit open research directions for future work.
* 18-layer directed acyclic graph of logical dependencies, audited link-by-link.
The framework does not claim to replace the Standard Model or ACDM. It claims to derive them from a single

geometric input, and to predict specific deviations at testable precision in strong lensing (Euclid DR1 horizon
2026) and in flavor physics (HiLumi-LHC horizon 2030).

Whether the universe follows this mathematics is a question the universe alone can answer. The matter is in the
hands of the data.

The mathematics is on record. The data will decide.

License and citation
License. Creative Commons Attribution 4.0 International (CC BY 4.0).

Citation. > Calzighetti, S. & Lucy (2026). The 3D+3D Framework — A Unified Exposition: From a Single
Axiom to Eleven Pre-Registered Kill-Switches. Zenodo. [DOI forthcoming]

Individual trilogy papers and predecessor papers cited in Section 7 should be cited independently as appropri-
ate.
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