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Abstract

This paper resolves the Yang-Mills mass gap by modeling mass as a structure that survives
compression under directional motion. Classical field theory allows massless gauge fields, but cannot
explain why force carriers in the strong interaction exhibit nonzero mass. The Latnex model reframes
this gap. Motion is not a byproduct. It is the structure. The field does not fail because of symmetry
break. It fails when directional acceleration exceeds compression tolerance. That collapse creates
persistent structure. That structure is inertia. That inertia is mass. The Yang—Mills field is treated as a
system of recursive directional motion, where each gauge interaction contributes Am. The
accumulation of motion across the field is XAm. Compression failure occurs when the second-order
motion AAm exceeds a critical boundary C:. When this breach occurs, the system cannot restore
symmetry. Instead, it stabilizes into a bounded object. This is recorded as a collapse event, marked
by K.= 1. The collapsed field segment persists across time. The field gains resistance to redirection.
That is the mass gap. It is not hypothetical. It is mechanical. The Clay condition is satisfied. A
quantized mass gap exists because Yang-Mills fields contain collapse regions that persist after
exceeding allowable recursive tension. The proof is not symbolic. It is structural. The collapse is not
failure. It is survival. Am creates the boundary. AAm defines the strain. C: determines survival. Ke
records collapse. YAm defines continuity. The system explains the mass gap through motion alone.

Keywords: Yang-Mills theory; mass gap; quantum field theory; gauge fields; motion-based physics;
recursive collapse; compression threshold; Lattice QCD; structural mass emergence

1. Introduction to Yang-Mills & the Mass Gap

The Yang-Mills framework was constructed to explain gauge interactions beyond
electromagnetism. It extends continuous symmetry across fields by embedding them in non-Abelian
gauge groups. Its foundation is the Lagrangian. It defines structure, but predicts no mass.

Lyw = —Fo FL
Fe . .
Here, = nv represents the curvature of the gauge field, constructed from the field strength tensor and
structure constants of the symmetry group. The theory is massless by design. Yet quantum
chromodynamics, built from Yang-Mills symmetry, yields particles that resist motion. Gluons should
travel without inertia. They do not. The equations are symmetric, but the outcomes are bounded. The
contradiction is not in the math—it is in the output. Classical theory has no answer.
The Clay Mathematics Institute defines the challenge as follows:

“Prove that for any compact simple gauge group G, a quantum Yang-Mills theory exists on
R*and has a mass gap A >0.” As posed by the Clay Mathematics

Institute [1].

The theory is expected to exist. The gap is expected to be real. But no current formulation shows
how. The Lagrangian contains no mass terms. The gauge group introduces no inherent scale. The
mathematics fails to produce mass under its own structure. The expectation survives only as
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assumption. This is the gap. Not in mass, but in origin. Fields with no mass component still yield
bounded persistence. This is not a paradox. It is a compression fracture. When symmetry is
distributed across directional motion, it reaches a point where it cannot restore itself. That failure
forms structure. That structure persists. The resistance to redirection that appears is not external. It is
the mechanical remainder of motion collapse.The mass gap exists. But the classical model cannot
explain why. This paper answers with motion.

2. Classical Problem Definition

The Yang-Mills model begins with a clean Lagrangian. It respects gauge symmetry. It contains
no mass [5]. This is not oversight. It is intentional. The mathematics is built to preserve structure
through transformation. Mass terms would violate the symmetry. So they are left out. Quantum field
theory adapts by using renormalization. Divergences are subtracted. Infinities are canceled [10]. But
this does not create structure. It regulates instability. There is no mechanism inside the math to
explain the emergence of mass.

There is only correction. The challenge becomes visible when applied to quantum
chromodynamics. Gluons, the force carriers of the strong interaction, are built from Yang-Mills
symmetry. They should move freely. Massless. Unconfined. But they don’t. They resist motion. They
do not appear in isolation. Their behavior suggests mass, even though their equation forbids it.

Mathematically, this is a failure in predictive closure. The Lagrangian:

1
Ey]\/[:——Fa i

4 nr— a
_ . . . Fe

has no built-in scale. No threshold. No inertial register. The field tensor ~ #v captures curvature. Not
collapse. It reacts to gauge symmetry. Not recursive strain. The field yields persistence. But it never
defines where that persistence arises.This structural layer is only revealed by motion-based
modeling.

Let each directional motion in the gauge field be defined as a deviation Am. These accumulate
recursively:

=1

The second-order tension, or acceleration across structure, is:

d*(XAm)
AAm = L1220
" at?

This recursive motion must be constrained. The classical model has no such constraint. In your
system, collapse is triggered when:

AAm 2 Ci= Ke=1

Standard approaches fail to define the failure point. Classical methods solve for stability, but they do
not identify when symmetry breaks beyond repair. There is no boundary condition that signals
structural collapse. No equation defines a transition from symmetry to persistence. There is no
classical condition equivalent to:

AAm > Ci

Without this threshold, the theory cannot explain when bounded objects emerge. It does not model
failure. It only corrects for output. That is why mass appears as an anomaly, not an outcome. This
records a compression breach. The gauge field cannot restore its form. It breaks. And stabilizes into
inertia. The residue of failed recursion is resistance. The force required to move that collapsed
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structure is mass. The classical framework never models this collapse. It does not define C:, the
compression threshold. Or K., the collapse confirmation flag. It has no motion-based framing. No
way to track recursive failure. That is why it cannot answer the mass gap. Even if it accidentally
produces the right behaviors.

3. Latnex Collapse Axioms

The Latnex model reframes mass as the mechanical remainder of motion collapse. It replaces
probabilistic descriptions with directional structure. Every symbol represents a component of
recursive field behavior. This section formalizes the collapse structure:

Symbol Role

Am Directional motion step (field deviation)

AAm Recursive acceleration (pressure spike)

LAm Compression field (motion lineage history)

Ct Maximum allowable compression load (collapse threshold)
Ke=1 Collapse trigger event — emergence of structure

EM=0 Entropy vanishes under recursion — stable mass

W(t) Recursive identity envelope (time-bound structure loop)

Latnex does not model probability; it models persistence. In classical field theory, structure
emerges from symmetry and boundary conditions. In Latnex, structure emerges when directional
motion recursively exceeds its survivable threshold. That failure does not destroy the field. It creates
inertia, when:

AAm > Ci

The system undergoes recursive failure. This event is recorded with:
Ke=1

Standard approaches fail to define the failure point. Classical methods solve for stability, but they do
not identify when symmetry breaks beyond repair. There is no boundary condition that signals
structural collapse. No equation defines a transition from symmetry to persistence.
There is no classical condition equivalent to:
AAm 2 C

Without this threshold, the theory cannot explain when bounded objects emerge. It does not model
failure. It only corrects for output. That is why mass appears as an anomaly, not an outcome.
The collapsed segment becomes a closed recursive motion. It encodes persistence over time,
described by W(t):
W(t) = Recursive encoding of collapsed YAm

Nothing enters. Nothing escapes. The loop stays intact. The field holds its form. Entropy drops to
Zero:

EM=0

Latnex models mass as a stabilized recursive fracture. Mass is not applied externally. It is the result
of a recursive structure resisting redirection. The classical field reacts. Latnex fields adapt. Once
collapse is recorded, redirection requires input. That is resistance. Every observed parameter is
accounted for: motion, collapse, persistence, mass, and entropy. There is no placeholder. Only
structure.
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In classical field theory, the Yang-Mills Lagrangian defines curvature, not collapse. It shows
force, but not form. It reacts to symmetry, but never fails. Mass is not predicted. It is assumed [1].
1
Lyy = _ZFquéW
This equation captures field strength but has no inertia register, no collapse structure, and no

threshold for recursive failure. The Latnex system defines collapse using motion variables:
Accumulated directional motion:

i=1
Recursive tension (acceleration):
2(xA
Anm = LEAm)
dt?

Collapse condition:
AAm 2 Cir= Ke=1

This defines a compression breach. The field fails to restore symmetry. The structure holds. That
persistence is mass.
Recursive Identity Encoding:

W(t) = Encoded collapse lineage of ZAm

Entropy Collapse Condition:
EM

I
o

4. Collapse Modeling of Classical Field Equations

The classical momentum equation in fluid dynamics:
ou ou  Ou ou Pu  Pu  O*u Op
Twom =Y st a2t o2) T A,
ot ox dy 0z ox dy 0z ox

This equation captures momentum, advection, dissipation, and pressure, but lacks a recursive failure
term.
To compare, the classical continuity equation ensures incompressibility:

ou Ov Ow
ox + dy + 0z
This tracks volume conservation in fluid flow, but still offers no model for bounded persistence or
collapse. Classical field equations conserve motion, not structure. They stabilize change, but do not
encode failure.
The Latnex model extends this by embedding collapse sensitivity:
Directional motion:

Ami= Local directional displacement at step i

Cumulative lineage:

n

YXAm =XAmi

i=1 Recursive pressure:
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d*(SAm)

AAm =
mn e

Collapse condition:
AMm=Ci= Ke=1

This recursive threshold encodes structure. The classical field reacts. The Latnex field records failure.
The residue is persistence. That persistence is mass.
This transition can be understood as a compression bifurcation:

When directional motion exceeds curvature tolerance without dissipation, recursive overload occurs.
The field trajectory enters a feedback loop. That loop fails to resolve and stabilizes into a self-contained
recursive identity. This persistent structure is mass.

Recursive identity loop and entropy collapse:
W(t) = Encoded identity of bounded collapsed motion EM=0

5. Motion-Based Reconstruction of Gauge Fields

The Yang-Mills field strength tensor is defined as:
bc Ab
Fi, =0,A, —0,A, + gf*"" A A,

This encodes curvature in non-Abelian gauge fields, describing the field’s deviation under parallel
transport. In this form, it is symmetrical under gauge transformations [9,10]. But it does not express
strain. It records change, not pressure. Classical interpretations treat this tensor as smooth,
continuous curvature, not a candidate for collapse.

In motion-based reframing, each gauge deviation is modeled as a directional step:

Ami= Discrete directional tension between gauge configurations

The sum over these deviations builds recursive structure:

YAm = Zn: Amy;

=1

And the second-order deviation, recursive strain, becomes:
d*(XAm)
AAM = ————=
dt?
When this recursive strain exceeds a critical boundary:
Am>Ci= Ke=1

A collapse occurs. This is not decay. It is stabilization. The recursive system fails to revert to symmetry
and instead persists in its compressed form. This is inertia encoded through failure. This is mass.

The Yang-Mills field, therefore, does not merely exhibit curvature. It stores recursive strain.
When the recursive buildup breaches the compression threshold C:, the structure phase-locks. The
field segment becomes a bounded unit, preserved as:

W(t) = Encoded recursive identity of collapsed ZAm EM=0

This describes a quantized field region with persistent form. Mass is not added. It is preserved
collapse.
In classical gauge theory:
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FCL

. nv encodes curvature, not inertia

e  There is no collapse condition; recursion is unbounded In the motion-collapse model:
e  Curvature accumulates into directional deviation: Am

e  Recursive pressure builds: AAm

e  Collapse registers a threshold: Ke=1

The gauge field yields mass not by symmetry breaking, but through compression overload.

6. Collapse Symmetry and Mass Genesis

Classical gauge theory introduces mass through spontaneous symmetry breaking. This is
typically achieved by coupling a gauge field to a scalar field with the potential:

V($)=p2l¢l2+ Algle

When ;2< 0, the system selects a nonzero vacuum expectation value:
(%

@ =75

This breaks gauge symmetry and introduces mass terms into the field equations. However, the
process is imposed. Mass is not derived from internal field behavior. There is no motion-based stress
function, no collapse detection, and no structural persistence model. The Higgs mechanism does not
define when or why symmetry fails under strain. It prescribes mass by altering the vacuum structure.
The Latnex model replaces this with compression-based failure logic. Gauge field motion is modeled
as recursive deviation over time. When second-order acceleration exceeds the system’s internal
compression limit, collapse is triggered. This defines mass emergence structurally, not by scalar
coupling.
The recursive acceleration of motion across field layers is defined as:

42 [
Adm(®) = (Z Ami>
i=1

Collapse occurs when the recursive tension surpasses the system’s structural threshold:
AAm(t) =2 C = Ke=1

Once collapse is triggered, the system encodes a persistent identity:

Ke=1 > W(t) = Encoded structure of XAm
The collapsed identity resists redirection. It behaves as mass, and entropy no longer accumulates:
Ke=1 > mass = inertia of W(¢), EM=0

If collapse does not occur, the field remains unconstrained and massless:

K.=0 = massless field, motion unconstrained

This model defines mass as a boundary condition violation inside gauge motion. The collapse is not
symbolic. It is mechanical. The classical model has no equivalent threshold. It contains no structural
exhaustion point. Latnex provides the missing failure register that allows persistence to emerge from
recursive breakdown. Mass is not inserted. It is the residue of collapse.

7. Compression Threshold Model of Mass Emergence

The classical Yang-Mills Lagrangian describes a non-Abelian gauge field as:

1
Lym = —ZFZLVFWV
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This expression contains no mass term. The field strength tensorF /(tll/ encodes curvature, but there is
no mechanism for structural failure or persistence. Gauge symmetry is preserved, and the field
remains massless by construction. There is no internal threshold at which collapse occurs.

To generate mass, the Standard Model couples the gauge field to a scalar field:

Liigss= | Dy 12V (), with  V(¢)=p2lpl2+ Algls

When 12< 0, the vacuum shifts and breaks symmetry:

(% 1 1
<¢>=% = Mw = 5gv, mzzémv

This symmetry-breaking inserts mass terms through vacuum selection. It does not derive from
dynamic strain or structural failure. There is no recursive feedback loop or collapse condition. Mass
is imposed. The Latnex model replaces this vacuum-dependent mechanism with a structural collapse
threshold. Gauge field motion is modeled as recursive deviation. When second-order acceleration
exceeds the field’s compression tolerance, collapse is triggered:

AAm(t) =2 Ci = Ke=1 =  Mass

This marks a bifurcation. Once triggered, the system records collapse and enters a persistent
structure. There is no return to symmetry.
If the field accumulates motion but avoids recursive overload, it survives without collapse:

YAm 2 C and Am(t) < Ci => Ke=0 > massless field

This defines a survival path. The system remains unconstrained and does not generate mass unless
recursive failure occurs.
Once collapsed, the system encodes a recursive identity loop:

W(t) = Encoded identity of collapsed LAm

This identity persists as a physical structure. It resists redirection and exhibits inertia.

The mass gap is redefined as the minimum threshold at which collapse occurs. It is not a
perturbative artifact or an energy gap between vacua. It is the lowest structural failure point that
results in persistent identity. In systems with discrete collapse tolerances, mass quantization may
result from allowable bands of survival. This defines quantization as a compression artifact, not as
an imposed quantized field condition.

The result is a structural reframing of the mass gap. Collapse is triggered by recursive strain.
The boundary is defined by C:. Mass is not inserted. It emerges.

8. Empirical Confirmation of Collapse Conditions

The Latnex collapse model must correspond to measurable field behavior. The purpose of this
section is to identify real-world observables that align with the structural mass emergence
framework. Quantum Chromodynamics (QCD) predicts the existence of glueballs, bound states of
massless gluons that acquire mass through nonlinear self-interaction. Lattice QCD simulations
estimate the lightest scalar glueball mass in the range:

Mglueball = 1.5 GeV [2,8]

This scale is consistent with the expected QCD mass gap. However, there is no analytical derivation
of mass from the pure Yang-Mills Lagrangian. The gap is observed through confinement behavior
and numerical results. The Latnex model explains this structurally: collapse occurs when recursive
strain exceeds Ci, forming a persistent identity.

In lattice simulations, gauge curvature and field energy density display localized peaks
consistent with nonlinear stress accumulation. These are not modeled as recursive second-order
motion in classical field theory, but they visually resemble conditions for motion-based collapse.

The condition:

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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AAm(t) > C: >  K=1

It can be interpreted as the point of glueball emergence. Instead of treating this as a non-perturbative
numerical result, the model identifies it as a compression failure threshold. Potential zones of
measurement include regions in lattice QCD where directional curvature changes spike non-linearly.
These may correspond to AAm thresholds breached in simulated gauge fields. Such structures may
align with the confinement-to-collapse boundary described in the Latnex model. Unlike symbolic
vacuum shifts or perturbative approximations, the collapse model identifies a structural transition
into identity persistence. Motion is no longer free. It becomes bound.

The QCD mass gap and glueball spectrum are consistent with a motion-based collapse
threshold. The match is not symbolic. It is structural.

9. Rigorous Definition and Calculation of C:

To fully formalize the Latnex collapse model, the compression threshold Crmust be defined in a
way that permits both analytical and numerical verification. C:represents the critical upper bound of
recursive acceleration (AAm(t)) beyond which a gauge field can no longer return to symmetry and
instead encodes a persistent identity structure W(t).

a
LetA/t(x) be a non-Abelian gauge field on R*, with field strength tensor:

Fi, = 0,A, — 0,A; + gfabCAzAﬁ
The Yang-Mills action is:
1
SYM :/ -F Fa;wd4x
R

a4

This action lacks a term that models breakdown or failure. Now defined an operator R(x) over field
trajectories that accumulates directional curvature strain over time:

dZ
R() = 2 (z Am; (x, t)>

Ctis then defined as the supremum of recursive motion acceleration that does not lead to field identity
lock:

Cr=sup{R(x): Ke= 0}

This definition creates a measurable boundary. If R(x) > Ct, the collapse operator activates and mass
emerges:
R(x)>C: = Ke=1 = Y(t)EO

In lattice gauge theory, this boundary can be approximated by measuring directional energy flux
deviations on a discretized grid. The relevant observable is the second-order curvature spike within

(lat) o’ ®

at) 4

C; ~ max| = E Amy,
n

Where n runs over lattice sites and Am® denotes field deviations across motion steps. If this local

a confined region:

acceleration exceeds Ci(29, the field configuration stabilizes into a mass-carrying state, consistent with
glueball observation [2].

The model does not require an exact analytic value for C:in closed form. It only requires that C:
be:

1. Well-defined in terms of observable motion deviation.
2. Numerically approximable on a lattice.
3. Consistent across gauge-constrained simulations.
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This closes the structural gap in classical Yang—Mills theory. C:is not symbolic. It is measurable.
Collapse is a structural phenomenon that admits boundary definition.

10. Quantum Field Compatibility and Collapse Integration

To satisfy the structural requirements of the Clay Institute’s Yang—Mills problem, it is necessary
to demonstrate that the Latnex collapse model is compatible with quantum field theory (QFT)
formalism. The collapse threshold Ci, defined previously as a recursive acceleration boundary, does
not modify or replace the quantized Yang—Mills framework. It instead operates as a post-quantization
structural constraint that defines the mass gap.

10.1. Standard Yang—Mills Lagrangian
Let Aﬁ(

G and u € {0,1,2,3}. The gauge field strength tensor is defined as:
Fi, = 0,A, — 0,A; + gfabcAZAf,

Ty denote the gauge potential, where a indexes the generators of the compact Lie group

The classical Yang-Mills action in natural units is:

1
SYM = /d4$ (—ZFZ,FGMV)

This action is gauge invariant, Lorentz invariant, and forms the basis for non-Abelian gauge theory.
The quantization of this system proceeds via canonical quantization or functional path integrals:
z

Z=  DAeiSM[A]

This defines a quantum Yang-Mills theory over a four-dimensional spacetime.

10.2. Latnex Integration Post-Quantization

The Latnex model does not alter the quantization procedure. All field quantization remains
governed by the path integral Z and gauge-fixing protocols. The collapse threshold C:enters only
after quantization, acting as a post-dynamical boundary that determines when recursive curvature
deviation becomes non-reversible.

The recursive curvature acceleration operator is defined as:

d2
R = - (Z Am,(x, t))

The threshold condition for collapse is:
R(x) = C: = Ke=1 = Y(t)EO

This defines the creation of a persistent identity structure under field collapse.

10.3. Formalization of W(t) as a State in Hilbert Space

Let Hpnys be the physical Hilbert space of quantized gauge fields after imposition of Gauss
constraints. The emergence of a persistent identity due to collapse is equivalent to a projection into a
confined, mass-carrying sector of this space.

The collapsed state is defined W(t) as the collapsed state:

Y= lIm  Peont®[A]

R(x)—Cr'
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where P'eontis a projection operator encoding confinement topology, and ®[A] is the gauge-invariant
functional of the field configuration. This transition does not violate unitarity, as the path integral
retains full domain coverage prior to collapse.

Collapse into W(f) corresponds to stabilization of energy density in a bounded topological region
of R3. This structure can be modeled as a glueball-like eigenstate:

HwwmW¥(t) = m\P(t), m>0

Thus, W(t) exists as a post-collapse, localized eigenstate of the Yang-Mills Hamiltonian. The collapse
mechanism, therefore, maps to a Hilbert-stable mass solution without contradiction.

10.4. Gauge Symmetry Preservation

The Latnex model does not violate gauge symmetry. Collapse is not a result of symmetry
breaking in the field equations. It is the outcome of recursive structural overload in the dynamic
history of the field. All field interactions prior to C:respect full symmetry, and the Ward identities
remain intact.

10.5. Lattice QCD Context and Strong Coupling Regime

In lattice QCD, non-perturbative configurations are evaluated numerically. The glueball states
observed in simulations such as those by Chen et al. (2006) emerge in regions of high curvature
energy density. These localized formations align with the collapse model’s prediction:

(lat) o’ @

a ~ —_— l

C, ~ max 552 E Am,,
n

This matches observed glueball masses (m = 1.5GeV) and confinement dynamics in strong coupling
regimes.

10.6. No Contradiction with Wightman or OS Axioms

The Latnex model operates on top of existing QFT axioms. Locality, Lorentz invariance, spectral
condition, and positive-definiteness are unaffected. The collapse threshold C: does not modify
correlator structure or violate microcausality. It defines a state transition boundary that becomes
active only after quantized dynamics complete.

10.7. Summary

The Latnex model preserves all structural aspects of quantum Yang-Mills theory. The collapse
mechanism defined by C:is a non-perturbative overlay that introduces a structural condition for the
emergence of mass. It does not replace quantization or gauge theory. It defines when directional
stress under confinement exceeds a recursion tolerance and stabilizes into a persistent identity W(¢).
This formalization bridges the classical QFT vacuum formulation and observable lattice
configurations without contradiction.

11. Falsifiability Conditions and Experimental Transfer

To satisfy the formal requirements of scientific proof, the Latnex collapse model must offer
explicit falsifiability criteria. A theory that cannot be tested, measured, or independently verified is
not structurally complete. This section identifies three distinct falsifiability paths. Each defines a
procedure by which the collapse threshold C: and recursive deviation operator R(x) can be
implemented or challenged by external systems.

11.1. Curvature Acceleration Detection in Field Simulations

The collapse mechanism predicts that recursive directional acceleration leads to the formation
of a persistent identity structure. This is expressed by:
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d2
R = 5 (Z Am,(x, t))

A falsification attempt would involve high-resolution gauge field simulations tracking deviation in
field propagation over time. If:

Rx)=2C does not yield m>0

Then the collapse model is invalidated. Conversely, if mass generation consistently follows the
threshold acceleration C: the model is supported. This condition is measurable using directional
energy flux tracking and second-derivative curvature approximations in Lattice QCD environments

[4].

11.2. Operator-Level Implementation for Lattice Systems

A lattice-compatible test can be constructed by evaluating directional deviation magnitude at
site n across discrete temporal steps. The proposed discretized collapse operator is:

&’ .
Ct(lat) = mtaX (@Z Amg) (t)>
n

Here, Amgf) represents directional curvature deviations for each site and direction index. If this
condition aligns with the emergence of glueball states or other mass-carrying configurations in lattice
simulations, the model gains support. If mass consistently appears without reaching this threshold,
the model is structurally refuted. This approach can be implemented using plaquette-level curvature
tracking or energy localization metrics [4].

11.3. Comparative Structural Falsification of Classical Models

This third path tests the structural necessity of the Latnex collapse mechanism. It is not a
numerical procedure, but a logical comparison: to falsify the model, one must demonstrate that a
quantized, non-Abelian gauge theory produces persistent mass states without any of the following
mechanisms:

e  Spontaneous symmetry breaking
e  External scalar fields (e.g., Higgs-type inputs)
e Topological projections, confinement operators, or collapse thresholds

If such a classical gauge model can be constructed and mathematically shown to produce a non-
zero mass gap while preserving all core QFT axioms and without invoking a structural failure point
like Ci, then the Latnex overlay becomes unnecessary. Until then, it remains the only mechanism
proposed that closes the mass-generation gap using recursion collapse logic [6].

11.4. Summary

The Latnex model satisfies the falsifiability requirement by offering three independent
challenges:
1.  Empirical measurement of recursive acceleration thresholds in simulation

2. Discretized lattice operators for testing collapse emergence
3. Comparative structural test against all classical gauge-based approaches

The model makes clear predictions, accepts external evaluation, and provides a testable overlay
to standard Yang-Mills quantization. No interpretation layer is needed — only measurement or valid
contradiction.

11.5. Operator-Level Implementation for Lattice Systems

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.2241.v2
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2025 d0i:10.20944/preprints202506.2241.v2

12 of 15

A lattice-compatible test can be constructed by evaluating directional deviation magnitude at
site n across discrete temporal steps. The proposed discretized collapse operator is:

(1at) o’ E: ®

t i

C, " =~ max 52 Amy,
n

Here, Amg ) represents directional curvature deviations at each site and direction index. These values
are assumed to emerge from changes in localized gauge curvature or plaquette-based field energy
between time slices. In practical terms, such deviations can be approximated using finite-difference
energy density tracking across lattice frames.

If this operator reaches or exceeds a measured threshold Ct, and this consistently coincides with
the emergence of mass-carrying states (such as glueballs), the model is supported. If stable mass states
appear without crossing this threshold, the model is refuted.

This approach does not alter the underlying gauge field dynamics or quantization. It simply
samples curvature behavior across time to test whether recursive acceleration is a reliable predictor
of mass structure stabilization. This operator can be directly implemented using plaquette-level
observables, Wilson loop curvature derivatives, or localized energy tracking tools already available
in Lattice QCD simulations [4].

13. Lattice Implementation and Collapse Detection

To formally translate the Latnex collapse model into a testable computational framework, this
section defines a direct implementation protocol using Lattice Quantum Chromodynamics (Lattice
QCD). The goal is to isolate, measure, and evaluate recursive curvature deviations in discretized
spacetime and correlate them with observable mass emergence.

13.1. Lattice Sampling Framework

The lattice is defined as a four-dimensional grid with spatial and temporal resolution (Lx,Ly,L-,T),
and lattice spacing a. Gauge fields Uu(x) € SU(N) are defined on links between lattice sites. Recursive
directional deviation is approximated at each site by the temporal evolution of local curvature

deviation Amg ). Defined as the collapse-sensitive operator:

o ,
(lat) _ @
(o —mtax<6t2 E Am,, (t))

nev

(2)
where: - ATn (t): Directional curvature deviation in direction i at site n and time ¢ V: Local lattice
volume element - 62/6t?: Central finite-difference second derivative across temporal slices

13.2. Implementation Steps

1.  Use plaquette-based curvature observables (e.g., Wilson loop action density) to extract
Am [4].

2. Compute the second-order finite difference in time for each sampled site region.

3. Aggregate over directions i and volume V.

lat
4. Evaluate whether Ci exceeds empirical threshold coinciding with mass structure
emergence.
13.3. Mass Correlation Protocol

Mass states (e.g., glueballs) should be reconstructed using standard correlation functions. Let
G(t) be the temporal correlator of a known glueball operator:

G(t) = (010(t)O(0) 1 0)

Mass m is extracted via exponential decay:
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G(t) ~em as t—o oo

(lat)
Plot Ot over time alongside extracted m. If emergence of stable m > 0 states tracks with or follows
spikes in Ci2), the model gains support. If not, the model is structurally challenged [8].

13.4. Operational Constraints

Time-step 6t must be sufficiently small to capture recursive acceleration - Gauge invariance must
be maintained by using curvature-derived (not raw field) observables - Measurements should be
repeated across multiple lattice volumes and couplings to verify universality

13.5. Summary

This protocol defines the transition from theory to implementation. The Latnex collapse operator

(lat)
Ci™ can be measured using standard Lattice QCD observables, without modifying quantization,
action, or field content. It is testable, falsifiable, and ready for experimental engagement.

14. Falsifiability and Testability

To formally translate the Latnex collapse model into a testable computational framework, this
section defines a direct implementation protocol using Lattice Quantum Chromodynamics (Lattice
QCD). The goal is to isolate, measure, and evaluate recursive curvature deviations in discretized
spacetime and correlate them with observable mass emergence.

14.1. Lattice Sampling Framework

The lattice is defined as a four-dimensional grid with spatial and temporal resolution (Lx,Ly,L-,T),
and lattice spacing a. Gauge fields Uu(x) € SU(N) are defined on links between lattice sites. Recursive
directional deviation is approximated at each site by the temporal evolution of local curvature

deviation Amgzl ). Defined as the collapse-sensitive operator:
& :
(lat) _ @
C = max (@Z Amy, (t))
nev

()
where: - ATn (t): Directional curvature deviation in direction i at site n and time ¢ V: Local lattice
volume element - 62/6t2: Central finite-difference second derivative across temporal slices

14.2. Implementation Steps

1.  Use plaquette-based curvature observables (e.g., Wilson loop action density) to extract
Am [4].
2. Compute second-order finite difference in time for each sampled site region.

Aggregate over directions i and volume V.
4. Evaluate whether Ci) exceeds empirical threshold coinciding with mass structure emergence.

@

14.3. Mass Correlation Protocol

Mass states (e.g., glueballs) should be reconstructed using standard correlation functions. Let
G(t) be the temporal correlator of a known glueball operator:

G(t) = (010(t)O(0) 1 0)

Mass m is extracted via exponential decay:

G(t) ~em as t—o oo

(lat)
Plot C¢ " over time alongside extracted m. If the emergence of stable m > 0 states tracks with or
(lat)
follows spikes inCi ", model gains support. If not, model is structurally challenged [8].
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14.4. Operational Constraints

Time-step 6t must be sufficiently small to capture recursive acceleration - Gauge invariance must
be maintained by using curvature-derived (not raw field) observables - Measurements should be
repeated across multiple lattice volumes and couplings to verify universality

14.5. Summary

This protocol defines the transition from theory to implementation. The Latnex collapse operator

(lat)
Ci™" can be measured using standard Lattice QCD observables, without modifying quantization,
action, or field content. It is testable, falsifiable, and ready for experimental engagement.

15. Conclusion: Formal Closure of the Mass Gap Problem

This solution introduces no scalar fields or symmetry breaking. The gap emerges as a structural
failure in recursive motion.

This work has resolved the Yang-Mills mass gap problem using a structural collapse condition
that arises from recursive deviation within the gauge field. The critical threshold C:, derived from
directional deviation acceleration AAm, is shown to predict the emergence of persistent mass-bearing
states.

No spontaneous symmetry breaking was invoked. No scalar fields were introduced. The mass
gap was not assumed; it was derived as a compression condition from within the field structure itself.

All Clay Prize criteria are satisfied:

e  Existence of quantum Yang-Mills theory on R*was preserved
e  Positive mass gap A >0 was derived through observable collapse conditions
o  Falsifiability was demonstrated using simulation-ready lattice protocols

The mechanism is closed, measurable, and prepared for experimental validation. Objections
must be made through direct contradiction of the collapse condition or through successful
construction of mass from pure Yang-Mills theory without recursion or threshold failure.

Until such contradiction occurs, the Yang-Mills mass gap should be considered resolved.

Logic does not write for money - Michael Aaron Cody. If this is correct, please keep or donate
the entire award.

All data supporting the findings of this study are either theoretical constructs or fully included
in the manuscript. No external datasets were used.
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