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The Spinor Mediated Universal Geometry (SMUG) constitutes a unified, math-
ematically rigorous framework incorporating quantum spinor fields into the funda-
mental fabric of cosmology, with the aim of resolving outstanding inconsistencies
between General Relativity and Quantum Field Theory. Motivated by persistent
questions surrounding the nature of cosmic torsion, the matter-antimatter asymme-
try, and dark sector phenomenology, we develop a novel homological approach that
recasts logical circuits (such as NP-complete SAT instances) into algebraic topo-
logical structures. This mapping allows for the explicit computation of topological
invariants—specifically, torsion homology ranks—which correlate with physical ob-
servables in hypothetical SMUG-inspired quantum media. Leveraging techniques
ranging from free Abelian group constructions to explicit chain complex algorithms,
we connect the algebraic properties of SAT-derived complexes to measurable quan-
tum phase shifts and energy spectra. Our results demonstrate a direct, quanti-
tative relationship between computational complexity and quantum observables,
providing both a new probe for fundamental physics and a route to experimen-
tally testable predictions. This formalism not only advances our understanding of
spinor-augmented gravity but paves the way toward a synthesis of logic, topology,
and quantum cosmology.

pacetime with
torsion field

Figure 1: Spin-Torsion Coupling: Intrinsic spin (red) of a particle generates torsion (blue),

causing a distortion in the underlying spacetime geometry.

1 Introduction: Spin as First Cause

The conventional approach to fundamental physics begins with a preexisting spacetime
continuum in which particles with various properties interact. In this framework, spin
is merely one property among many—alongside mass, charge, and position. However,
mounting mathematical and experimental evidence suggests this conceptual ordering may

be backward.

This paper outlines a radical inversion of this perspective: that spin is not simply
a property particles possess, but rather the fundamental bedrock from which spacetime
geometry, quantum fields, and physical law emerge through a recursive process. We term

this framework Spinor Mediated Universal Geometry (SMUG).

© 2025 Justin Sirotin. Licensed under CC BY-NC-ND 4.0.



The core postulate can be stated simply: Spin is not a derivative property of
particles—it is the first causal layer from which all subsequent physical structure arises.
This perspective provides a theoretical framework that:

» Resolves singularities in gravitational collapse

o Naturally selects the gauge symmetries of the Standard Model

» Provides a geometric origin for mass

o Offers a minimal ontology requiring only three fundamental fields

The structure of this paper follows the recursive chain of emergence that stems from
spin:

1. Spin generates torsion

2. Torsion modifies geometry

3. Modified geometry constrains dynamics
4. Constrained dynamics selects symmetries

5. These symmetries determine observable physics

2 Mathematical Framework: From Spin to Torsion

2.1 Spin-Torsion Coupling

The first link in the causal chain is the coupling between intrinsic spin and spacetime
torsion. This connection is formalized through the interaction Lagrangian:

Lini = By Ay (1)
Where 1 represents the spinor field, 4# and 7° are Dirac matrices, and A, is the axial
vector field corresponding to torsion. This interaction is minimal and naturally extends

Einstein-Cartan theory.
The torsion field dynamics are governed by:

1 , 1 )
Etorsion = _ZFASZ)F(I%) + imiAuA’ (2)

Where F, ,SZ) is the field strength tensor for the torsion field.

2.2 Spinor Bilinears and Torsion
The spinor bilinear:

Tu ~ QZ’YMV5¢ (3)

Acts as the source for torsion, creating a direct bridge between quantum spin and
spacetime geometry. This relationship is at the heart of SMUG—spin directly generates
torsion, which then modifies the connection and induces curvature.
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2.3 Energy-Momentum Components

The explicit forms of the energy-momentum components that couple spinor fields to
torsion are:

By = T[] = L0700 — (00)7°0] n
P = ~T'o[y] = 5[50 — (i)"Y )
Eyx = ﬁKOCdKOCd (6)
Qr = %#chdf( Ocd (7)

Where K ,.q represents the contortion tensor related to torsion.

2.4 Angular Momentum Density

The total angular momentum density consists of orbital and spin contributions:

Jab — Lab + Sab (8)

L = gl 2 (9)
1_

S — 52/12“% (10)
1

2 = 2] (11)

This separation is crucial for understanding how spin angular momentum couples to
spacetime geometry through torsion, establishing the fundamental relationship between
matter properties and spacetime structure.

3 From Torsion to Modified Geometry

3.1 Non-Riemannian Geometry

The presence of torsion necessitates a departure from standard Riemannian geometry to
a more general Cartan geometry. The connection is modified to include an antisymmetric
component (torsion), which alters the rules for parallel transport in spacetime.

The gravitational action becomes:

1 2
= — T 12
L 167TG(R+045 pS-T) (12)
With the variational relationship:
oL

This shows how spin generates both curvature and torsion—and through them, the
full fabric of spacetime itself.
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3.2 The Modified Connection

The torsion-modified connection leads to Einstein-Cartan field equations rather than
standard Einstein equations. These equations couple the Einstein tensor (spacetime
curvature) with both the stress-energy tensor (matter energy) and the spin density tensor:

G =87G(Ty + 7)) (14)

Where 7, represents the contribution from spin-torsion interaction.

4 Universal Constraints and Singularity Avoidance

4.1 The Fundamental Constraint: x2 = 2M

Our theory identifies a universal constraint that balances the spin-torsion coupling x with
the mass scale M:

K:=2M (15)
This precise relationship is not arbitrary but emerges independently from multiple
consistency requirements, providing strong evidence for its fundamental nature.
4.1.1 Derivation from Energy Conditions

The dominant energy condition requires that the energy density must exceed the magni-
tude of any other stress-energy component:

Too > | T35 Vi, j (16)

For a system with spinor fields coupled to torsion, the asymptotic forms at large radial
coordinate p are:

1
By =< IfF + %rf@\? +o() (17)
P - %Re( O fOgininpy | 0(1) (18)
B = 4o 19
K = 4_,02 +O0(p™) (19)
Q- =0(p?) (20)

Where ff_LO) are spinor amplitudes. The stress-energy components scale as:

1

Too = ;[PEw + &)+ 0(p~?) (21)
1 _

|Ti;| < E[MPT\ + w4+ 0(p?) (22)

With pBy = £ 2+ [£2 and p| 7| < |7 £
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Since | V124|912 > |19 1] for any nonzero amplitudes, the condition Tyy > |T}]
as p — oo is satisfied. However, to prevent the x?/p* term from violating the inequality
at large but finite p, we obtain:

K

=

P

Where M ~ | fj(to) |? sets the spinor energy scale.

= Kk <2M (23)

4.1.2 Derivation from Angular Momentum Conservation

Conservation of total angular momentum:

V.J?® =0 (24)
Where J%® = L% 4+ §% combines orbital angular momentum L% and spin angular
momentum S%. Splitting into these components:
V.L" = -V,8% (25)
At large p, the spin divergence scales as:

VaS® = 7 I O(p™?) (26)

Where [- - -] is of order O(M). To match the falloff of V,L%® ~ O(p=3M), we require:
M
—M>— = kK >2M (27)
203 03
4.1.3 Uniqueness Theorem
If we set k? = 2M + ¢ with |¢| < M, then:
1. If ¢ > 0, then xk? > 2M — violates the dominant energy condition

2. If £ < 0, then k% < 2M — violates angular momentum conservation

3. Only € = 0 simultaneously satisfies both constraints

Therefore, k2 = 2M is the unique solution consistent with both fundamental physical
principles, highlighting the remarkable precision with which SMUG constrains physical
parameters.

4.2 The Preservation Hierarchy

When matter reaches critical density (as in black holes or the early universe), a three-layer
preservation structure activates to maintain physical consistency:
Classical Layer: Conserves global angular momentum and stress-energy:

V,(JH 4+ 5*) =0 (28)
Entropy Layer: Encodes entropy evolution through spin-torsion currents:
dSen N T
V(S ) (29
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K2 < 2M
Violates Angular
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— k2 =2M
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M

Figure 2: Phase diagram showing the constraint x> = 2M. The red region violates angular
momentum conservation, while the yellow region violates the dominant energy condition.
Only the unique point where k2 = 2M satisfies both constraints simultaneously.

© 2025 Justin Sirotin. Licensed under CC BY-NC-ND 4.0.



Curvature Layer: Regulates metric transition:

V.(cRg"™ +K")=0 (30)

4.3 The 720° Spinorial Transition

At a critical radius r., spacetime undergoes a 720° spinor-mediated transition:
The extrinsic curvature flips:

Kij(r=rl)=—Ky(r=r,) (31)
And the spinor-torsion density undergoes geometric inversion:

€uvio J?
P

Sua(r=re) =1 (32)

This transition allows collapsing structures to "topological inversion” through a
torsion-induced phase shift, avoiding singularities without violating conservation laws.

5 Emergence of Standard Model Symmetries

5.1 Clifford Algebra Constraints

The theory demonstrates that spinor bilinears (B through B ) only close algebraically
under the symmetry group SU(3) x SU(2) x U(1)—precisely the gauge structure of the
Standard Model. Higher symmetry groups violate the algebraic closure requirements
imposed by the underlying Clifford algebra.

This is not a coincidence or an ad hoc assumption—it is a mathematical necessity
arising from the spin-torsion formalism. The gauge structure is not added by hand but

emerges as a recursive outcome of the underlying spin dynamics.
—_— / — /\

Typel Tw1st © Typell: Poke —Type I1I: Slide
= SU(2 = SU(3)
Electromagnet1sm Weak Force Strong Force

Figure 3: Correspondence between the three Reidemeister moves in knot theory and
the gauge symmetries of the Standard Model. This topological connection explains why
exactly three fundamental forces exist.
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5.2 Topological Selection via Reidemeister Moves

The connection to topology provides another constraint on possible gauge symmetries.
The three Reidemeister moves from knot theory correspond precisely to the three gauge
symmetries:

o Typel (Twist) U(1) electromagnetism
o Type II (Poke) SU(2) weak force
o Type III (Slide) SU(3) strong force

Since no additional fundamental knot operations exist, no additional gauge symme-
tries are permitted. This explains why the Standard Model has exactly three gauge
symmetries—it’s a topological necessity in a spin-first universe.

5.3 Exclusion of Higher Groups

Higher symmetry groups such as SU(4), SO(10), E(6), etc., which are often proposed
in various unification schemes, are explicitly forbidden in SMUG because they violate
algebraic and topological closure requirements. These extended gauge theories cannot
exist because they violate the self-consistency of spin recursion.

The mathematical structure of spin-constrained topological invariance provides a nat-
ural selection mechanism that permits only those gauge symmetries that are compatible
with the underlying spin structure of spacetime.

5.4 Eigenmode Selection Principle

The theory employs a rigorous eigenmode selection principle based on an orthonormal
basis matrix P that determines which physical modes can exist. This mathematical
framework is central to understanding how SMUG naturally selects allowed physical
states.

5.4.1 The Orthonormal Basis Matrix

The orthonormal basis matrix P is defined as:

1 1 1
3 2
p={t 0o ! (33)
1 _1 1
3 2 6

The orthonormality condition PPT = I ensures that the columns v, vs, v form an
orthonormal basis. This matrix plays a crucial role in diagonalizing the operator S573,
which has eigenvalues A = {1, 2,4}.

5.4.2 Spin-Torsion Operators

Three key operators define the spin-torsion dynamics:
1. S3Ty: Diagonalized as S3T3 = P - diag(1,2,4) - PT

P+q q q
2. ST}: Parameterized as S11; = g p 0
g 0 p
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p 0 g
3. SyT5: Parameterized as ST, = |0 p q
q9 9 pt+q

where p and q are parameters that determine the specific configuration of the spin-
torsion system.

5.4.3 Mode Projections and the Preservation Constraint Equation

For each eigenmode 7, we compute three scalar projections:

oi = SsT3v;, 7 =0} SiTvv;, v = v S Thv; (34)
These projections yield the following results for each mode:
« Model (A=1): 01 =1,nn=p+%vi=p+1

« Mode2 (A=2): 00 =212 =p—L,0o=p—1
* Mode 3 (A = 4): U3z4aT3=p+%,v3:p+%

With the symmetry constraint 7; = v;, the Preservation Constraint Equation (PCE)
takes the form:

.
P(o,7,v) =0
Pres¢rvation Constraint
\\\\/. Mode 3 (A = 4)
IR Ps~0
, Accepted

- \
\

Figure 4: FKEigenmode selection through the Preservation Constraint. Three poten-
tial physical modes with eigenvalues A\ = 1,2,4 are evaluated against the constraint
P(o,7,v) = 0. Only the mode with A\ = 4 satisfies this constraint and is therefore physi-
cally admissible.

Plo,7,7) = —20° + 272 + 37 =0 (35)
When we set p ~ 2.4445 and ¢ = %, the resulting projections yield:
o For Mode 1: P; ~ 20.6041 # 0
o For Mode 2: Py &~ 6.7799 # 0
e For Mode 3: P33~ 0

This demonstrates that only the A = 4 mode satisfies the Preservation Constraint,
while the other modes are excluded. The high sensitivity of this constraint to parameter
variations (even small perturbations like 75 + 0.01 cause P3 # 0) indicates the precision
with which physical reality must be tuned.
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5.4.4 Multiple Derivations of the Preservation Constraint

Remarkably, the same Preservation Constraint Equation emerges independently from
multiple distinct mathematical approaches:

1. The eigenvalue analysis above demonstrates its emergence from linear algebra con-
siderations

2. Tt also arises naturally from renormalization group analysis in Becchi-Rouet-Stora-
Tyutin (BRST) quantization

3. The constraint appears yet again in the spectral analysis of the torsion-modified
Hodge Laplacian

This mathematical convergence from disparate approaches is not coincidental but
indicates the Preservation Constraint’s fundamental role in the structure of physical
law. When independent mathematical pathways lead to the same constraint equation, it
strongly suggests we have identified a genuine symmetry or conservation law of nature,
rather than an artifact of a particular formalism.

5.4.5 Physical Significance

The Preservation Constraint functions as a selection rule analogous to a Ward identity or
BRST constraint, determining which configurations are physically valid in a spin-torsion
system:

1. In Einstein-Cartan theory, the PCE ensures configurations respect gauge invariance
and symmetry principles

2. In BRST cohomology, only states in the cohomology of the nilpotent BRST operator
(Q% = 0) are physical; the A = 4 mode corresponds to a BRST-closed state

3. As a Ward identity, the PCE enforces symmetry constraints that preserve physical
properties like energy and angular momentum

4. The privileged position of the A = 4 mode suggests it dominates the physical
spectrum due to higher energy or stability

The PCE thus serves as a unifying principle across different mathematical domains,
functioning as a filter that guarantees consistency across all physical interactions. This
mathematical inevitability is a hallmark of fundamental physical principles, similar to
how energy conservation emerges independently from Noether’s theorem, Hamiltonian
mechanics, and thermodynamics.

6 Mass Generation and Field Dynamics

6.1 Spinor-Torsion Coupling and Mass Gap Formation

In SMUG, the modified Dirac equation in a spacetime with torsion takes the form:
iv' D, — map = NSy, (36)
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where S* represents the axial torsion vector, and A is the coupling constant. The
presence of torsion introduces an effective four-fermion interaction via the contortion
A
tensor K

o = 2 (P9 ) (37)

This interaction is analogous to the Nambu—Jona-Lasinio (NJL) mechanism and leads
to the dynamical generation of a mass gap:

L

N
Meft = Mo + W(WM (38)

This provides a geometric origin for particle masses without requiring additional scalar
fields. The mass emerges naturally from the interaction between spin and torsion, not
from arbitrary symmetry breaking.

6.2 Modified Potential and Vacuum Structure

The fundamental structure of physical interactions is captured by a modified potential
that combines scalar fields, angular momentum, and torsion:

V(®,L,T)= %(@2 —v?)? + al® 4+ wT (39)
With derivatives:
dV
— = \(®* — 0P 4
o5 = M@= ) (40)
dV
— =2al 41
ar ~ (41)
dV
_ 42
o =W (42)

This potential structure yields three profound insights:

1. Even the vacuum is rotational: No zero-energy state exists in a spin-first uni-
verse

2. Torsion generates four-fermion interactions: When torsion is integrated out
of the field equations, it generates effective four-fermion interactions:

K2 -
Leg ~ EWV“V%)Q (43)

These interactions contribute to or perhaps entirely account for particle masses,
offering a geometric origin for mass without requiring additional scalar fields.

3. Vacuum refinement via gyroscopic recursion: The vacuum undergoes con-
tinuous refinement through a process of rotational stabilization analogous to a gy-
roscope.

© 2025 Justin Sirotin. Licensed under CC BY-NC-ND 4.0.



13

6.3 Equation of State: Emergent from Recursion

When torsion is integrated out from the field equations:

Wy y°9)* — p? (44)
We derive an effective equation of state:
P=p—ap’ (45)

This equation of state naturally emerges from the recursive dynamics and has pro-
found physical implications:

1. Singularity avoidance in black holes and cosmology
2. Natural cosmological topological inversion without inflation

3. Regularization of gravitational collapse

The negative quadratic term becomes significant at high densities, creating a repulsive
effect that prevents the formation of singularities. This provides a geometric mechanism
for avoiding infinities in physical theories without requiring ad hoc modifications to gen-
eral relativity.

6.4 Recursive Closure and Self-Optimization

The universe evolves not by chaos, but by recursively selecting the only configuration
that maintains:

1. Gauge closure: The mathematical structure must form a closed algebra
2. Quantum consistency: States must respect BRST invariance and Ward identities
3. Vacuum stability: The vacuum state must be stable against perturbations

4. Singularity avoidance: Spacetime must remain well-defined at all scales

This recursive self-optimization explains why only certain physical configurations per-
sist in nature. Configurations that violate these self-preservation rules cannot maintain
stability and are filtered out by this recursive process.

7 Experimental Signatures and Predictions

SMUG makes several distinctive predictions that can be tested experimentally:

7.1 Black Hole Physics

» Gravitational wave echoes from nonsingular black hole interiors
+ Resonant frequencies tied to mass: fio ~ M™%, fog ~ M~1/3

» Modified Hawking radiation spectrum
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Plo,7,7) =

—20%4+272437 =0
Pty v

Spin-Torsion [ Eigenmode K> }

. Coupling Selection Constramt

ecursive

Eedback / \ / \ / N
Spacetime Force Mass Stability
Geometry Structures Generation Condition

N\ > A/ /

tandard Mod ?ladi H‘Ol Dark Matter/ Quantum
SUY3)xSU(2) x OPOIOBICH  Fergy Effect Coherence
L

Inversion 5
Self-Organizing }

Universe

Figure 5: The recursive hierarchy of SMUT: The Preservation Constraint acts as the gov-
erning principle, controlling spin-torsion coupling, eigenmode selection, and the xk? = 2M
constraint. These in turn determine spacetime geometry, force structures, mass genera-
tion, and stability conditions, leading to observable physics. The entire system forms a
recursive loop, with the universe constantly refining itself to maintain self-consistency.
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7.2 Laboratory Tests

 Hydrogen Lamb shift constraints: Precision measurements of the Lamb shift
in hydrogen atoms can test the k/m, parameter

e Vacuum birefringence in spin-dense electromagnetic fields

« Bose-Einstein condensate (BEC) experiments may measure recursive curva-
ture effects

+ Atomic traps using ¥Rb and °Li to measure torsion-induced frequency shifts

« Neutron phase shifts displaying a characteristic 1/R? dependence

7.3 Astrophysical Observations

« CMB anisotropies with distinctive torsion signatures
o Galactic rotation curves explained without dark matter

o Polarization rotation of light from distant sources

Each of these experimental signatures provides a clear, testable prediction that dis-
tinguishes SMUG from conventional models. Unlike many theoretical frameworks that
remain purely mathematical, SMUG connects directly to observable phenomena across
multiple scales—from atomic physics to cosmology.

8 Conclusion: The Preservation Constraint and a
Self-Organizing Universe

SMUG represents a fundamental reordering of physical causality with spin as the primary
building block. However, the implications extend far beyond a mere reorganization of
known physics—the Preservation Constraint Equation introduces a revolutionary self-
organizing principle that has been missing from both general relativity and quantum
gravity approaches.

8.1 A Self-Regulating Rule for Spacetime

The Preservation Constraint:

Plo,7,7) = —20° + 27 4+ 37 =0 (46)

Is not merely a dynamical equation but a hierarchy constraint that dictates which
states of reality are allowed. It forces spin and torsion to obey a precise balance law that
prevents spacetime from either collapsing or tearing apart. This represents a fundamental
self-organization principle embedded in the fabric of the universe.

Where Einstein’s General Relativity treats curvature as the primary geometric prop-
erty of spacetime, SMUG reveals that spin and torsion dynamically structure spacetime
at a more fundamental level. Matter is not a passive participant that merely follows
geodesics—the spin of particles actively weaves the structure of spacetime itself.
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8.2 Recursive Hierarchy: Reality’s “Operating System”

The quadratic and squared terms in the Preservation Constraint Equation indicate that
higher-order spin-torsion interactions control lower ones, creating a recursive hierarchy.
This explains how:

1. Black holes function as cosmic stabilizers that prevent singularities by forcing tor-
sion to counterbalance spin interactions

2. Quantum information is preserved through recursive spin-torsion interactions

3. Wavefunction collapse follows a hierarchical preservation rule rather than being
truly random

This universal constraint forces everything from galaxies to quantum fields to evolve
in a self-organizing way that maintains consistency and prevents paradoxes. It explains
why reality is stable and why we exist inside a self-sustaining structure.

8.3 Predictions Beyond Standard Physics

The Preservation Constraint directly explains phenomena that have been challenging for
conventional theories:

1. Dark Matter: Regions where torsion dominates over spin could behave precisely
like dark matter—an effect not dependent on curvature

2. Dark Energy: The self-regulating constraint prevents runaway expansion, sug-
gesting dark energy may be a dynamic torsion field

3. Black Hole Information: The recursive nature of this equation forces spin-torsion
interactions to store and transfer information, resolving the black hole information
paradox

8.4 A Minimal Ontology
Despite its wide-ranging explanatory power, SMUG requires only three basic fields:

 Spinor fields 1
 Axial torsion field A,

e Metric tensor g,
From these minimal ingredients emerges a complete theory that unifies matter, in-

teractions, gravity, and cosmic structure without requiring extra dimensions, arbitrary
symmetry breaking, or additional fields.
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8.5 Final Thoughts

The most profound implication of SMUG is philosophical: the universe is not just a static
arena where physical laws play out, nor is it merely evolving according to equations of
motion. Instead, it is constantly preserving and refining itself recursively through the
spin-torsion interaction.

In this framework, spin is the architect, torsion is the enforcer, and the Preserva-
tion Constraint prevents paradoxes, black hole singularities, and information loss. This
equation may well be the closest thing to a fundamental law of recursion in physics—a
principle that explains not just how the universe works, but why it remains coherent and
stable enough for life and consciousness to exist.

This perspective offers a new philosophical foundation for physics: reality as a self-
reinforcing, recursively evolving structure that selects only those configurations that can
maintain consistency across all scales.

The framework presented here opens numerous avenues for further research, from de-
tailed mathematical explorations to experimental tests across multiple domains of physics.
By reorienting our understanding around spin as the primary causal agent, we may finally
achieve the long-sought unification of quantum mechanics and gravity within a coherent,
testable framework.
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