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Abstract

We formulate a spacetime-only theory in which the sole primitive is a four-dimensional
differentiable manifold equipped with a Lorentzian metric and an affine connection. No
fundamental matter fields are posited; “matter” and “gauge” phenomena arise as effective,
emergent descriptions of geometry, topology, and torsion. Stable particle species are iden-
tified with compact defect worldtubes in spacetime, possibly non-orientable, classified by
explicit topological invariants. Dynamics are governed by a metric-affine Einstein—Cartan
theory extended by a propagating axial torsion mode with symmetry breaking. Interface
mechanics arise as an effective derivative expansion of a torsion-sector domain wall local-
ized on the defect boundary, rather than as primitive shell actions. The “curvature ledger”
methodology is clarified as controlled 3+1 accounting identities justified by the compactness
scaling 2GM /(Rc?) < 1 for hadronic and atomic defects. Three completion requirements
are elevated to explicit theory obligations: a defect-cobordism quantization prescription,
a derivation of effective couplings from the action with renormalization, and a rigorous
obstruction-theoretic proof that admissible junctions enforce the Standard Model gauge
structure.
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1 Introduction and Motivation

The program of describing matter as emergent from pure spacetime geometry has a distinguished
history in theoretical physics. Wheeler’s geometrodynamics [1, 2, 3] pursued the vision of “mass
without mass” and “charge without charge,” wherein all physical phenomena would arise from
the topology and curvature of empty spacetime. This vision was captured in Wheeler’s concept
of geons—self-gravitating configurations of electromagnetic or gravitational radiation [4]—and
the notion of spacetime foam at Planckian scales [5].

Einstein—Cartan theory, developed by Cartan [6, 7] and revived by Sciama [8] and Kibble [9],
provides a natural extension of general relativity that incorporates torsion as a geometric degree
of freedom coupled to intrinsic spin.? This framework offers a richer geometric arena for realizing
Wheeler’s program.

Simultaneously, the study of topological defects in cosmology and condensed matter—domain
walls, cosmic strings, monopoles, and textures—has revealed how stable, particle-like structures
can emerge from field configurations with nontrivial topology [11, 12, 13|. The Skyrme model |14,
15] demonstrated that baryons could be understood as topological solitons in a nonlinear sigma
model, with the baryon number arising as a topological winding number [16, 17].

The present work synthesizes these traditions into a unified framework: a spacetime-only
theory in which the primitive is the geometric-topological structure of a four-dimensional mani-
fold, and all effective matter and gauge phenomena emerge from defects, torsion configurations,
and their interactions. We draw upon the mathematical framework of topological quantum field
theory (TQFT) [18, 19], cobordism theory [20, 21], and the classification of spinorial structures
on manifolds [22, 23] to provide a rigorous foundation.

2 Kinematics: Primitive Structures and Admissibility

2.1 The Geometric Primitive

Definition 2.1 (Geometric Spacetime Primitive). The primitive of the theory is a connected,
four-dimensional differentiable manifold M equipped with:

(a) a Lorentzian metric g of signature (—, 4, +,+),

(b) an affine connection I" not assumed torsion-free.
We denote the primitive as (M, g,T").

This structure defines a Riemann—Cartan geometry, the natural setting for Einstein—Cartan
theory [10, 24]. The metric and connection are treated as independent variables, following the
Palatini formulation [25].

Definition 2.2 (Torsion and Curvature). Given the connection I', the torsion tensor and Rie-
mann curvature tensor are defined by

Ty =T, -1, (1)
R (1) == 8Mrgy — ayrgu + rgurgy — rgyrgu. (2)

Remark 2.1 (Levi-Civita Decomposition). The connection decomposes as I' = I+ K, where I
is the Levi-Civita connection of g and K is the contorsion tensor, expressible as a function of
torsion |26

1
K =5 (TAW +T + TVAM> . (3)

The torsion-free limit of general relativity is recovered when K — 0.

!The theory is often referred to as Einstein-Cartan-Sciama-Kibble (ECSK) theory in recognition of these
foundational contributions [10].



2.2 Topological Admissibility: Pin™ Structure

To accommodate non-orientable defect sectors while maintaining consistent fermionic physics,
we impose a topological admissibility condition.

Axiom 2.1 (Pin™ Admissibility). The manifold M admits a Pin™ structure, enabling consistent
non-orientable defect sectors without introducing fundamental spinor matter fields.

The Pin® groups are the double covers of the orthogonal group O(n), generalizing the Spin
group to non-orientable settings [22, 27]. For a manifold to admit a Pin™ structure, the obstruc-
tion class we € H?(M;Zs) must vanish, while Pin~ structures require wo + w? = 0, where w;
denotes the i-th Stiefel-Whitney class [21].2

3 Foundational Axioms and Physical Interpretation

Axiom 3.1 (Geometric Monism). There are no fundamental “matter fields” or “gauge fields” ex-
ternal to (M, g,T'). All effective matter, charge, and gauge phenomena are emergent descriptions
of geometric and topological structures of M.

This axiom embodies Wheeler’s vision of “physics as geometry” [2]. It represents a strong form
of geometric unification, more radical than Kaluza—Klein theories which introduce additional
dimensions [28, 29|, or than Einstein’s later unified field theories which introduced additional
tensor fields 30, 31].

Principle 3.1 (Defect Ontology). Stable particle species correspond to stable equivalence classes
of compact worldtubes W C M (possibly non-orientable), classified by explicitly specified topo-
logical invariants Z(W).

This principle draws upon the rich theory of topological defects in field theory and cosmol-
ogy [11, 13, 32]. The key insight is that topological protection can stabilize extended objects
against decay, just as the baryon number in the Skyrme model arises from the homotopy class
73(S%) =2 Z [15, 16].

Principle 3.2 (Emergent Interface Properties). Interface properties (surface tension, bending
rigidity) are not primitives. They arise as effective coefficients after integrating torsion dynamics
across a thin torsion-domain-wall layer localized on OW.

This principle distinguishes the present theory from approaches that postulate fundamental
brane or membrane actions [58, 59, 60|. Instead, all interface dynamics emerge from the bulk
torsion sector through a derivative expansion, analogous to how effective membrane actions arise
in the thin-wall limit of domain wall solutions in scalar field theory [37].

Principle 3.3 (Effective Equivalence Principle). In the long-wavelength limit of weak torsion
gradients and coarse-grained defect structure, the center-of-mass motion of a defect follows an
effective geodesic principle. Spin/chirality-dependent deviations arise as controlled corrections
from torsion coupling and multipole structure.

This principle connects to extensive literature on the motion of spinning particles in curved
spacetime [47, 48] and torsion-induced corrections to geodesic motion in Einstein—-Cartan the-
ory [10, 49].

2The choice of Pin* over Pin~ has physical implications for the transformation properties of fermions under
orientation-reversing diffeomorphisms; see [22] for a detailed discussion.



4 Dynamics: Unified Bulk Action

4.1 Total Bulk Action

Postulate 4.1 (Unified Bulk Action). The fundamental action contains only bulk geometric
terms:

1
Sbulk[ga F> S] = /M d4$v —4g |:2KZR(F) + ﬁtors(su; g, F) ) (4)
where k := 87G/c* and S* denotes an axial torsion mode defined below.

The first term is the Einstein—Cartan—Palatini action, which reduces to the Einstein—Hilbert
action in the torsion-free limit [25, 10]. The second term governs the dynamics of a propagating
torsion mode.

4.2 Axial Torsion Sector

Definition 4.1 (Axial Torsion Mode). Define an axial vector S* from torsion by the totally

antisymmetric component:
St o< e™POT e (5)

In the effective theory, S* is treated as a dynamical axial torsion degree of freedom.

This decomposition follows the standard irreducible decomposition of torsion into vector,
axial-vector, and tensor components [10, 39]. The axial component S* is particularly significant
as it couples to the spin current of Dirac fermions [35].

Postulate 4.2 (Einstein—Cartan-Proca Torsion Lagrangian). The torsion sector Lagrangian is:

v A 2
Lo — gv[usy]v[ﬂs = 2 (55" — 82)" — Avae (6)
where > 0 sets the kinetic normalization, A > 0 the stiffness/self-coupling, Sy the symmetry-
breaking scale, and Ay, i a vacuum-energy subtraction fixing the reference energy of the torsion

vacuum.

This structure is analogous to the Abelian Higgs model that produces Nielsen—Olesen vortex
strings [36], but applied to the torsion sector. The Mexican-hat potential with vacuum expec-
tation value |S| = Sp allows for domain wall solutions interpolating between different torsion
vacua.

Remark 4.1 (Vacuum Subtraction). For a monist theory, the vacuum is a torsionful medium
rather than “empty” Minkowski space. The vacuum subtraction Ay, is required to define defect
energies relative to the chosen torsion ground state and to avoid double-counting vacuum en-
ergy in effective surface tensions. This is analogous to the renormalization of the cosmological
constant in quantum field theory [38].

5 Defects as Boundary Conditions and Topological Sectors

5.1 Defect Worldtubes

Definition 5.1 (Defect Worldtube). A defect is a compact (possibly non-orientable) 4D submanifold-
with-boundary W C M representing a particle history. Its interface is the hypersurface
Y := OW when an excision/interface description is employed.

This definition generalizes the worldline of a point particle to an extended object with internal
structure. The boundary ¥ is a timelike hypersurface that separates the defect interior from the
exterior bulk spacetime.



Definition 5.2 (Defect Sector Specification). A defect sector is specified by:
(i) a topological invariant package Z(W) (e.g., m1 (W), orientability class, junction data),
(ii) boundary conditions on (g,I",S) on and near ¥ consistent with Z(W),
(iii) (optionally) bundle/holonomy data on M \ W for effective gauge structures.

The topological invariants classify defects into discrete sectors, analogous to how homotopy
groups classify topological defects in field theory [33, 34]. The fundamental group 71 (W) is
particularly important for detecting non-simply-connected defect topologies.

5.2 Canonical Worldtube Types

The following postulates specify the topological structure of defect worldtubes corresponding
to known particle species. These assignments should be understood as the simplest topological
realizations consistent with observed quantum numbers.

Postulate 5.1 (Leptons). A lepton worldtube is modeled by a punctured RP*-type defect:
Wrp ~ RP* \ {point}, m(Wgp) = Zs. (7)

The non-orientability of RP* (which has w; # 0) encodes the fermionic nature of the lepton,
while the Zo fundamental group reflects the discrete symmetry associated with lepton number.

Postulate 5.2 (Quarks). A quark worldtube is modeled as a mapping torus of an orientation-
reversing diffeomorphism of S3:

Wiey := 3 x [0,1]/(2,1) ~ (6(2),0), 71 (Wiey) = Z. (8)

The Z fundamental group of the quark worldtube allows for fractional quantum numbers
when combined with junction constraints (see below).

Postulate 5.3 (Baryons: Minimal Package). A baryon is modeled by:

(a) a minimal degree-B = 1 topological sector (Skyrmion-like, interpreted as an effective
coordinate on defect topology rather than a fundamental matter field),

(b) a tripartite junction constraint on ¥ producing Zs center holonomies z; obeying 212923 = 1.

The Skyrmion language [14, 15, 16] is retained as a minimal effective parameterization. The
tripartite junction with Zs constraint captures the essential color structure of baryons as gqq
composites.?

Remark 5.1 (Strict Monism and Skyrmions). In a fully closed monist theory, one must ultimately
express the baryon sector purely in terms of connection, holonomy, and torsion topology rather
than introducing an independent U(x) € SU(2) field as fundamental content. The Skyrmion
description is an effective parameterization, justified by Witten’s demonstration that baryons
emerge as solitons in the large- N, limit of QCD [40, 17].

3In QCD, the baryon wave function must be a color singlet, requiring the product of three color charges (each
transforming in the fundamental representation of SU(3)) to be trivial. The Z3 center constraint is the topological
shadow of this requirement.



6 Interfaces from Torsion Domain Walls

6.1 Thin-Wall Ansatz and Emergent Surface Tension

Construction 6.1 (Torsion-Domain-Wall Interface). Let 3 be a timelike hypersurface sepa-
rating two regions (defect interior/exterior) distinguished by torsion-sector order parameters.
Introduce Gaussian normal coordinates in a neighborhood of ¥ with transverse coordinate z (so
z =0 on ¥), and consider torsion configurations of the form

SH(x) = S*(%:6), (9)
where ¢ are coordinates on ¥ and S* interpolates between vacua as z — 00.

This construction follows the standard thin-wall approximation for domain walls in field
theory [37, 13].

Definition 6.1 (Emergent Surface Tension). Define the surface tension o as the energy per unit
area of the torsion-domain-wall profile, relative to vacuum:
o [ a8 0.5y 9.5y 4 2 (grg — g2\

ols] = [ dz |5 (0.5") (20.5,) + 7 (55, — 5B)°. (10)
—0oQ
Remark 6.1 (Monism Restored). Equation (10) makes o derived from the torsion sector param-
eters (8, )\, Sp) and the chosen defect boundary conditions. No primitive material constant is
introduced, in accordance with Principle 3.2.

6.2 Bending Rigidity from Derivative Expansion

A curved interface forces slow variation of the wall profile along 3 and produces higher-derivative
corrections. The standard effective-field-theory procedure [41, 42] yields an induced worldvolume
action:

Sgﬂ:/d%ﬁ o+ ZRH? +REG+ - |, (11)
¥

where 7 is the induced metric on 3, H is the mean curvature, and K¢ is the Gaussian curvature
of spatial sections.*

Definition 6.2 (Emergent Bending Modulus). In the thin-wall regime, the bending rigidity s
is fixed by moments of the transverse energy density:

A

als)~ [ a2 ]2 0.5 0.8) +

B ; (545, — 53)2] , (12)

up to normalization fixed by the precise matching convention.

Equations (11)-(12) implement the requested correction: the “shell action” is not fundamen-
tal; it is an emergent effective description of a torsion-domain-wall interface.

7 Curvature, Backreaction, and Counter-Curvature Balance

7.1 Metric-Affine Hamiltonian Constraint

Let ; be a spacelike foliation with induced metric h;j, unit normal n#, and extrinsic curvature
K;j. In a metric-affine theory, the Hamiltonian constraint takes the schematic form [10, 45|:

167G
A

R(g) + K2 - Kz‘jKij - Eeff + Qtors(hyKa Sa VS)7 (13)

*This is the Helfrich-Canham form familiar from membrane physics [43, 44], here derived rather than postu-
lated.



where Feg := Tﬁgn“n” is the effective energy density derived from the bulk torsion sector and
defect boundary conditions, and Qs collects additional torsion/contorsion contributions.

The terms K2 — Kinij and Qiors are precisely the counter-curvature channels that can
balance the curvature implied by E.g, preventing singular collapse in high-density regimes—the
same structural mechanism exploited in torsion-bounce cosmology [45, 46].

7.2 Curvature Ledger as Controlled Bookkeeping

Construction 7.1 (Curvature Ledger Map). On time-symmetric slices (K;; = 0) and in regimes
where Qtqrs 18 negligible in the chosen gauge, define the ledger entry as:
167G
0 Eeip  R®) = =2 Eop. (14)
c

Remark 7.1 (Critical Clarification). Using Eq. (14) for microscale estimates does not assert
that gravity fails to back-react. It asserts that, for the micro configurations under study, the
dimensionless gravitational compactness is so small that solving the full coupled field equations
produces only perturbatively tiny changes in equilibrium geometry.

7.3 Micro Non-Collapse from Compactness Scaling

Proposition 7.1 (Compactness Argument). For a localized object of characteristic size R and
total mass-energy M, strong-field collapse requires compactness
_2GM >

€= 73 3 1. (15)

For hadronic scales M ~ 1GeV/c? and R ~ 1fm, one finds € < 1 by many orders of magnitude.
Therefore, strong-field backreaction and gravitational crushing are absent without modifying
GR.

Proof. For a proton, M ~ 1.67 x 10727 kg and R ~ 107! m. The Schwarzschild radius is
re = 2GM/c? ~ 2.5 x 107°* m, giving € ~ 1073%. This is so small that gravitational corrections
to the equilibrium structure are utterly negligible compared to the strong nuclear force that
actually determines hadronic structure. O

Remark 7.2 (Hierarchy Not Solved by Fiat). The absence of micro collapse is not achieved by
“turning off” gravity; it follows from the smallness of G and the small total mass-energy M.
However, deriving G from internal geometric moduli remains a separate completion obligation
(Section 11).

7.4 Equivalence Principle: When It Holds and Violations

Postulate 7.1 (Effective Motion Law for Defects). Defects are extended objects with internal
torsion coupling. In the point-particle limit with negligible torsion gradients and averaged spin
polarization, the defect worldline follows an effective geodesic principle. Corrections appear as
spin/chirality-dependent forces:

Dut " . o .

- = fi.s(S, V.S; polarization, chirality) + O(multipoles), (16)
implying controlled equivalence-principle violations in polarized/chiral sectors while preserving
standard universality in macroscopic unpolarized matter.

This is consistent with the Mathisson—Papapetrou—-Dixon equations for spinning particles [47,
48| and their extension to Einstein-Cartan theory [10].



8 Interactions as Cobordisms and the Y* Nexus

Definition 8.1 (Cobordism Interaction). An interaction is a compact 4-manifold-with-boundary
X that cobords incoming and outgoing worldtubes:

Nin Nout

0X = |_|1W;n L l!_| wput, (17)
a= =1

This definition draws on the mathematical theory of cobordism [20, 21] and its role in topo-
logical quantum field theory [18]. In TQFT, a cobordism between manifolds induces a linear
map between associated Hilbert spaces [19].

Postulate 8.1 (Y* Nexus). The canonical tripartite junction is a 4-manifold Y* with boundary
oYt =Wy LWy U W, (18)

and boundary/junction consistency conditions enforce a Zg constraint on holonomy data (de-
noted z; € Zs):
212923 = 1. (19)

The Y* nexus is the geometric realization of a three-particle vertex. The Zj constraint
encodes the requirement that color charges combine to form a singlet, mirroring the structure
of baryon vertices in QCD.

9 Gauge-Group Emergence: Obstruction-Theoretic Program

9.1 Bundles on Defect Complements

Construction 9.1 (Complement-Bundle Data). Let U := M\ W be the complement of a defect
worldtube. Assign to U a principal G-bundle P — U with connection A representing emergent
gauge data. Holonomies around nontrivial cycles in U define group elements constrained by the
defect invariants Z(W).

This construction is motivated by the Aharonov—Bohm effect [50] and the general principle
that gauge fields can be characterized by their holonomies around non-contractible loops.

9.2 Extension Across Junctions as an Obstruction Problem

Construction 9.2 (Junction Extension Problem). Given three complements U; = M\ W; with
bundles (P;, A;), a junction cobordism Y* defines a gluing domain whose boundary data must
extend to a bundle on Y. The obstruction to extension lives in cohomology with coefficients in
7(G) and/or the center Z(G), depending on the chosen Postnikov tower.

The mathematical framework for such obstruction problems is developed in algebraic topol-
ogy [51, 52].

Conjecture 9.1 (Minimal-Group Emergence). Under: (i) Pin™ admissibility, (ii) existence of
Zs-center junction constraints (19), and (iii) compatibility with a Zs non-orientable (fermionic)
sector, the minimal compact gauge structure enabling consistent extension across all admissible
defect cobordisms is

Ger ~ (SU(3) x SU(2) x U(1))/Zs, (20)

with representation content determined by Z(W).

Remark 9.1 (What Must Be Proven). A rigorous proof requires:



(i) specifying the exact cobordism category of admissible defects and junctions,
(ii) specifying the bundle data and equivalence (gauge) relations,

(iii) computing the obstruction classes for extension across Y4 and showing uniqueness/minimality
of the resulting Geg-.

This program is inspired by work on anomaly cancellation and global gauge structure in the
Standard Model [53, 54].

10 Quantization: Defect Path Integral and TQFT

10.1 Why Quantization is Required

Defect topology alone defines states but not quantum superposition or scattering amplitudes.
A monist theory must supply a measure over geometries and defect embeddings that yields
interference and cross-sections. The framework of topological quantum field theory [18, 19]
provides the natural mathematical language.

10.2 Defect-Cobordism Category and Quantization Functor

Definition 10.1 (Defect Cobordism Category). Let Cobyger be a category whose objects are 3D
“asymptotic” data sets encoding defect boundaries and invariant packages, and whose morphisms
are 4D cobordisms X equipped with admissible (¢,T",.S) data satisfying boundary conditions.

Postulate 10.1 (Quantization as a Functor). Quantization is a symmetric monoidal functor
Z Cobdef — I‘Iilb7 (21)

assigning a Hilbert space to each asymptotic defect boundary object and a linear map (ampli-
tude) to each cobordism.

This definition follows Atiyah’s axiomatization of TQFT [18], extended to include defect
structures. The cobordism hypothesis of Baez—Dolan and Lurie [55, 56] provides a framework
for classifying such functors.

10.3 Path Integral Realization

Postulate 10.2 (Defect Path Integral Amplitude). For asymptotic in/out defect sectors, define
the transition amplitude by

5 1 Dg DI DS

AW — W) 1= o | o o <;Sbu1k[g,f‘75]>, (22)

[X] GC(WiIDWOut)

where the sum runs over admissible defect cobordisms X between the boundary sectors (includ-
ing junctions), and the quotient indicates gauge-fixing/modding out diffeomorphisms.

Remark 10.1 (Completion Requirement). Equation (22) is a definition template. A complete
theory must specify: (i) the admissible class C of cobordisms/embeddings, (ii) the measure and
gauge-fixing procedure, and (iii) the semiclassical saddle structure reproducing known scattering
limits.

10



11 Constants and Couplings as Derived Moduli

11.1 Principle: Couplings Must Arise from the Action

Principle 11.1 (Coupling Derivation Obligation). Any claim that o (the fine-structure con-
stant) or G (Newton’s constant) is “derived” must exhibit a chain:

(i) identify a dimensionless geometric/topological functional Z of (g,I", S) and defect /junction
data,

(ii) show that integrating out microstructure yields an effective action with coefficients deter-
mined by Z,

(iii) specify the renormalization convention and scale at which the derived coefficient matches
the observed coupling.

This principle guards against numerological claims by demanding a complete derivation
within the theoretical framework.
11.2 Effective Gauge Kinetic Terms from Nexus Geometry

Construction 11.1 (Emergent Gauge Kinetic Coefficients). Assume that in the complement
of defects/junctions, coarse-graining produces effective gauge kinetic terms:

1 1
sao -7 [dev=g [ FOFOw 1 LrE@rem) ¢ Lrr@rom| (o)
92 93
where the g; are determined by geometric functionals of nexus/defect microstructure:
1
o =Z;[g,T, S; defects/junctions],, (bare at scale pyv). (24)
i

Remark 11.1 (Numerology vs. Derivation). Any numeric coincidence (such as a~! ~ 137) can
be kept only as a candidate leading-order topological estimate after the normalization and RG
flow are fixed by the action-based derivation above. Until then, it is not a theory prediction.

11.3 Gravitational Coupling from Torsion Stiffness

Construction 11.2 (Planck Scale from Torsion Parameters). A monist mechanism for G must
relate the effective Einstein—Hilbert coefficient to torsion-sector microphysics. At the level of
dimensional analysis and effective matching:

1
— ~ M3 g ~ BS§ x Jtopology], (25)

Reff

where J is a dimensionless geometric/topological functional determined by admissible defect /junction
sectors.

Remark 11.2 (Completion Requirement). The theory must compute J (not assume it) and then
run the resulting effective couplings to laboratory scales using the renormalization group.

12 Cosmology with Torsion and Singularity Avoidance

Postulate 12.1 (Effective Modified Friedmann Equation). At the homogeneous/isotropic ef-

fective level: G ) ()
8 Piot , V
_ 26
3 Ptot perit + 3 (26)

where the —p? term encodes torsion /spin-induced repulsion at high density and V(.9) is induced
by the torsion potential.

H? =

11



This modified Friedmann equation is characteristic of Einstein—Cartan cosmology [45, 46].
The —p? term generates a bounce at high densities, replacing the Big Bang singularity with a
minimal but finite scale factor. This is the cosmological expression of the “counter-curvature”
channel: torsion contributions generate repulsive effects that can prevent singularities [57].

13 Predictions (Parameter-Dependent and Constrainable)

The following predictions are stated as functions of the theory parameters (5, A, Sp) and de-
fect boundary conditions. They become testable once these parameters are either derived or
constrained by other observations.

Postulate 13.1 (Gravitational Wave Echoes). Near-horizon torsion structure can produce ring-

down echoes with delay scaling
Atea o1 (7251, 27

micro

where Rgy is the event horizon radius and fmicro 18 the torsion microstructure scale. A complete
prediction must provide the echo amplitude spectrum as a function of (8, A,Sy) and defect
boundary conditions.

Postulate 13.2 (Chiral/Spin-Dependent Gravity). Torsion-locking couplings induce controlled
equivalence-principle violations in polarized/chiral matter:

Aa ~ egpg, egp = egp(f, A, So; polarization). (28)

Postulate 13.3 (Nexus Resonances). High-energy collisions may excite nexus geometry, pro-
ducing resonances whose mass and rate are parameter-dependent. A viable prediction must be
expressed as o(pp — X) x BR(X — 77, VV) with uncertainties.

14 Completion Checklist
To close the theory, the following constructions are mandatory:

1. Quantization: Specify the defect cobordism category Cobger, the measure and gauge-
fixing in Eq. (22), and show recovery of quantum interference and known scattering limits.

2. Constants: Derive the effective couplings g; and keg from coarse-graining of Spyye with
defect/junction microstructure, including renormalization conventions and running.

3. Gauge Group Proof: Implement the obstruction-theory program and prove minimal-
ity /uniqueness of Geg for the admissible junction class.

These represent the minimal requirements for the theory to be considered “closed” in the
sense of making definite, falsifiable predictions.
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