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Section 4 Particle as Stable Collapse Resonance

4.1 What is a “Particle” in CUWF?

Having established the CUWF ontology of fields (Section 2) and the mathematical framework of mode-
space entropic dynamics (Section 3), we now address the central interpretational transition: the
concept of a “particle.” In QFT, particles are understood as quantized excitations of spacetime fields.
In CUWF, particles emerge differently: they are not introduced as primitives, but as stable outcomes of

collapse-stabilization within entropic wave mode ensembles.

This section provides the CUWF definition of a particle and clarifies the critical ontological differences

from point-object intuitions.
4.1.1 Particle is Not a Point-Object

A common pre-theoretic intuition in physics is to treat particles as localized point-objects moving
through spacetime. QFT replaces this classical picture with quanta, yet the everyday intuition remains

influential, especially when interpreting detection events as “particle hits.”
CUWEF explicitly rejects the point-object primitive.
In CUWF:
- A particle is not a fundamental object sitting at a spacetime point.
- A particle is not an independent entity separable from the field.
- A particle is not a permanent indivisible “thing.”

Instead, CUWF treats the particle concept as emergent from field organization.
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The observed localization of particles in experiments is explained as the projected manifestation of a
deeper localization occurring in mode space: a stable resonance configuration that becomes spatially

interpretable only after projection.
4.1.2 Particle as a Localized Standing Resonance
Definition 4.1 (CUWF Particle).

A particle in CUWF is a localized standing resonance formed by a collapse-stabilized subset of

entropic wave modes, maintaining coherent phase relations over a persistence interval.
In CUWF terms:

Particle = stable resonance identity

= collapse-stabilized phase-locked mode subset QcF
A particle is therefore defined by:

- localization: coherence is concentrated within a bounded region of mode configuration

space,

- standing resonance structure: phase relations form a stable resonance manifold rather than a

drifting wave packet,
- persistence: the resonance identity survives over time (effective evolution parameter 7\),

- self-maintenance: the resonance persists by dynamically stabilizing its phase relations under

entropic constraints.

This explains why CUWF particles behave as identity-preserving objects: their identity is not a label

imposed externally but a self-maintained resonance structure.
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4 1.3 Self-Maintenance Mechanism

The “self-maintaining” nature of a particle is essential to explain why particles exhibit long-lived

stability.

In CUWF, self-maintenance arises from a feedback interplay between:
- entropic coupling structure (g_E and coupling operators),

- phase-lock stabilization (collapse condition, Section 2.3),

- and amplitude reinforcement within the resonance manifold.

As long as the mode subset Q) remains within an entropic compatibility basin, the phase relations
remain locked and the resonance is dynamically stabilized against dispersion. This is the CUWF

meaning of particle stability.

A particle ceases to exist when this stability condition fails: when phase-locking breaks or the
resonance loses compatibility with the surrounding entropic field structure, the resonance dissolves

back into the broader mode population.
4.1.4 Contrast with QFT and Classical Pictures
CUWEF provides a precise reinterpretation that separates three layers:
(1) Classical point particle:
a geometrical idealization with position as primitive.
(2) QFT particle:
a quantized excitation of CI)(x), often represented by creation/annihilation operators.
(3) CUWF particle:

a collapse-stabilized localized standing resonance in entropic mode space.
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Thus, CUWF proposes that particle detection events are not evidence of point-objects, but evidence of

resonance localization under projection.
Summary (Section 4.1)
- In CUWEF, a particle is not a point-object.

- A particle is a localized standing resonance: a collapse-stabilized, phase-locked subset of

modes Q C F.
- Particle stability is explained as self-maintained coherence under entropic constraints.

- Particle “existence” ends when resonance stability fails and coherence dissolves back into

the mode population.

4.2 Resonance condition

Section 4.1 defined a CUWF particle as a localized standing resonance: a collapse-stabilized, phase-
locked subset of modes Q) C F. We now formalize what it means for such a resonance to exist. In
CUWEF, a particle is not merely “many modes together.” It is a specific structured coherence solution

that satisfies a resonance condition.

This resonance condition has two essential components:
(1) Constructive interference across modes (phase alignment).
(2) A boundary condition imposed by entropic confinement.

Together these conditions define when a mode subset can form a stable, localized standing resonance

capable of self-maintenance.

- ____________________________________________________________________________________________|
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4.2.1 Constructive Interference Across Modes

Consider a subset of admissible modes Q = {mi} within the field F . Each mode has amplitude Aij and
phase d)i (Section 2.2). A resonance requires that phases are not drifting arbitrarily, but evolve toward

coherent alignment patterns that reinforce a stable standing structure.

We define a coherence functional over Q, for example:
CQ) = Z_{(iEQ) A e{idi} |

A resonance-capable configuration requires high coherence relative to total amplitude. A normalized

coherence ratio may be defined as:

RIQ) = | 2_{(EQ)Aienlii}| / Z_HEQ A
where 0 S R(Q) < 1.
Resonance Condition (Constructive Interference Criterion).

A mode subset Q) satisfies constructive interference if:

RQ)=>R *

for some threshold R_* determined by entropic coupling geometry g_E and local compatibility

constraints.
This criterion formalizes the intuitive idea:

A CUWEF particle exists only when many modes interfere constructively in a stable, reinforcing

manner.
4.2.2 Standing Resonance and Phase-Locking

Constructive interference alone is not sufficient. A persistent standing resonance requires stability: the

relevant phase differences must remain locked over the resonance persistence interval.
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Let Ad)_{ij} = d)i — d)j denote relative phase differences between modes. The phase-lock condition

is:
did\ (A _{i}) — 0 fori,j € Q (within tolerance)

In a stable resonance, the set of relative phases becomes approximately constant:
A(I)_{ij}(}\) = constant fori,j € Q

This is the operational definition of standing resonance in CUWF mode space. It directly implements

the collapse-stabilization claim (Section 2.3): collapse corresponds to locking phase relations.
4.2.3 Boundary Condition Imposed by Entropic Confinement

To form a particle-like localized identity, the resonance must be confined. In standard wave physics,
confinement is produced by external boundary conditions (cavities, potentials, etc.). CUWF introduces

an internal confinement mechanism: entropic confinement.

Definition 4.2 (Entropic Confinement).

Entropic confinement is the restriction of resonance-supporting coherence to a bounded region in
mode configuration space, enforced by entropic compatibility constraints and curvature/metric

structure g_E.

This confinement provides an effective boundary condition:

The resonance manifold must close on itself within an admissible entropic basin.
We can represent this schematically as:

QcBE

where B_E is an entropic compatibility basin region of M such that escaping modes become

incompatible (increasing ||V_E S||) and are therefore dynamically suppressed.

]
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Thus, the resonance does not spread indefinitely; it becomes localized as a standing structure within

an entropic “cavity.”
4.2.4 Combined Resonance Condition

We can now state the CUWF resonance condition for a particle-like standing resonance as the

conjunction of coherence and confinement.
Resonance Condition (CUWF Particle).
A mode subset Q C F forms a stable particle resonance if:
(1) Coherence / constructive interference:
RQ) =R~
(2) Phase stability (standing resonance):

didN (AP_{ij) = 0 fori,j € Q

(3) Entropic confinement boundary:

Q) remains within an entropic compatibility basin B E, preventing dispersion

Together these conditions define a collapse-stabilized localized standing resonance capable of self-

maintaining identity.
4.2.5 Interpretation and Link to QFT “Particle Species”

In QFT, particle species correspond to quantized excitations characterized by mass, spin, and charge.
In CUWF, “species” correspond to families of resonance solutions that satisfy the above resonance

conditions under particular coupling topologies and entropic geometries.
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Thus, CUWF does not deny the empirical success of QFT particle classification. It provides a deeper

ontology:

Particle properties are resonance invariants emerging from the stable phase-locked standing solutions

allowed by the field’s entropic structure.

Summary (Section 4.2)

- A CUWF particle resonance requires constructive interference across modes (phase coherence).

- The standing resonance condition requires phase-locking: relative phases A(I)_{ij} remain stable.

- Localization arises from boundary conditions imposed by entropic confinement (compatibility basin).

- A particle is therefore a confined, high-coherence, phase-locked standing resonance solution in

mode space.

4.3 Stability Criteria (Particle Identity)

Section 4.2 defined the resonance condition for particle formation as constructive interference plus
entropic confinement. We now formalize the criteria for particle identity persistence. In CUWF, a
particle is not defined by the instantaneous existence of coherence, but by the persistence of a stable

resonance identity over an interval of evolution.

Therefore, “particle identity” is equivalent to resonance stability.

This section defines three stability criteria consistent with CUWF collapse-stabilization:
(1) Mode-locking persists.
(2) Energy leakage is bounded.

(3) Phase drift remains below a threshold.
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4.3.1 Mode-Locking Persistence

A CUWF particle is a phase-locked standing resonance Q C F. Tne first stability criterion is therefore

persistence of mode-locking.
Let Ad_{ij}A) = i\) — bj(\) fori, j € Q.
Mode-Locking Criterion.
A resonance QQ maintains particle identity if, for all coupled pairs (i, j) within the resonance network,
| d/id\ (Ad_{ij}) | < €_lock
for a small locking tolerance €_lock determined by entropic coupling strength and geometry g_E.
Equivalently, within the resonance coherence interval,
Ad_{ij}(N) = constant (within tolerance)
This criterion formalizes the essential CUWF point:
particle identity is phase-structure identity.
4.3.2 Bounded Energy Leakage

A stable resonance cannot be perfectly isolated. It interacts with surrounding mode populations and
may leak energy/coherence outward. However, particle identity persists only if this leakage is
bounded: the resonance must remain within a confinement basin and must not dissipate faster than it

can self-maintain.

Let E_Q(}\) denote the effective resonance energy of Q) (defined as a functional of its mode

amplitudes and entropic geometry). Let J_out denote the outward coherence/energy flux from Qinto

F\Q.

Leakage Criterion.

Particle identity persists if:
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Jout<J_* and dE_QUdA = —y_*

where:

- J_"is the maximum admissible leakage flux compatible with self-maintenance,

- Y_* is the maximum admissible decay rate.
Interpretationally:

- The resonance may radiate or exchange coherence,

- but not beyond the rate at which entropic coupling can restore phase-locked stability.
This provides the CUWF counterpart of “particle lifetime” in QFT.
4.3.3 Phase Drift Threshold

Even under locking, phases may experience slow drift due to interactions, perturbations, or evolving
entropic constraints. CUWF therefore distinguishes between acceptable micro-drift and destructive

drift that breaks resonance identity.
Let (D_Q(}\) denote the collective phase configuration of the resonance network.
Define the net drift measure over an interval AX:
D_DAN) = max_{€Q} | biA+AN) — diN) |
Phase Drift Criterion.
A resonance Q) retains identity if: D DAN <O *
for all AN within the persistence interval, where (D_* is the maximum allowable drift threshold.

If the drift exceeds (D_*, coherence is no longer resonance-preserving; phase relations lose stability,

and collapse-stabilization fails.

]
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4.3.4 Combined Stability Criteria and Particle Identity
We can now define particle identity persistence as satisfying the joint constraints:
Particle Identity Condition (CUWF).
A resonance subset Q C F is a stable particle identity if:
(1) Mode-locking persists:
| did\ (AD_{ij}) | < €_lock
(2) Energy leakage bounded:
J_out < J_* and dE_Q/dA = —y_*
(3) Phase drift below threshold:

D.OAMN LSO~

If any condition fails, Q undergoes destabilization: phase-lock breaks, confinement fails, and the

resonance dissolves back into the mode field.
4.3.5 Relation to QFT Concepts

In QFT, particle identity is encoded via conservation laws and stable excitations of fields. CUWF

reinterprets these notions:
- Conservation corresponds to bounded leakage and stable entropic basins.
- Stability corresponds to phase-lock persistence in coupled mode networks.
- Decay corresponds to leakage exceeding bounds or drift exceeding OX

Thus, CUWF retains all empirical particle phenomena but grounds them in resonance dynamics rather

than in fundamental particle ontology.

]
© 2025 CHAYUT TECHASAMRAN 51



v

% Paper A-19: Quantum Field under CUWF www.cuwfcosmos.com

Summary (Section 4.3)
- Particle identity in CUWF is resonance stability over an evolution interval.
- Stability requires persistent mode-locking (phase relation stability).
- Stability requires bounded energy leakage so the resonance can self-maintain.
- Stability requires phase drift to remain below a threshold.

- Particle creation/decay correspond to resonance formation/dissolution events in mode space.

4.4 Particle Properties from Resonance Geometry

Sections 4.1-4.3 defined a CUWF particle as a collapse-stabilized localized standing resonance and

provided resonance and stability criteria in mode space. We now address the next critical question:

If particles are resonances, why do they possess stable intrinsic properties such as mass, charge, and

spin?

In CUWF, these properties are not fundamental labels assigned to point-objects. They emerge as

geometric and topological invariants of resonance structure in entropic mode space. In other words:
Particle properties = invariants of resonance geometry.
This section proposes three central correspondences:

- mass arises from resistance to entropic deformation (inertia from mode-locking),

- charge arises from topological phase twist / coupling signature,

- spin arises from rotational symmetry of the resonance manifold.
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4.4.1 Mass as Resistance to Entropic Deformation (Inertia from Mode-Locking)

In classical physics, inertia describes resistance to acceleration; in QFT, mass appears in dispersion
relations and propagator poles. CUWF reinterprets mass as a structural property of resonance stability

in entropic mode geometry.

A particle resonance Q) is sustained by a phase-locking network. Perturbing the resonance attempts to
deform its phase relations and amplitude distribution. The resonance resists such deformation if the

entropic cost of moving away from the stable manifold is high.

We define an entropic deformation functional 6_E(Q) measuring deviation from the stable resonance

configuration and consider the second variation of the entropic action around the resonance solution.
Mass Correspondence (CUWF).

The effective mass m is proportional to the curvature (stiffness) of the entropic action functional around

the resonance manifold:
m & 2 S_E/5(5_E)A2 evaluated on Q)
Interpretationally:

- large m means strong resistance to deformation: the phase-locking network is stiff and

difficult to reconfigure,
- small m means weak resistance: the resonance is easily distorted or dissolved.

Thus, inertia is not a primitive force law; it is the dynamical persistence of mode-locking under entropic
geometry. Mass is therefore the measure of how strongly a resonance identity opposes entropic

deformation.
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4.4.2 Charge as Topological Phase Twist / Coupling Signature

Charge in QFT is associated with gauge symmetry and conserved currents. CUWF reinterprets charge

as a topological and coupling signature embedded in the phase structure of the resonance.

A resonance Q) is characterized not only by phase-locking but by global phase organization across its
coupling network. If the phase configuration contains a non-trivial twist (winding) that cannot be
removed continuously without breaking coherence, then the resonance possesses a topological

invariant.

We define a phase mapping around the resonance coupling loop [ in mode space and introduce a

winding number:

Q = (rem$_Idd
where @ is the collective phase functional.
Charge Correspondence (CUWF).

Electric charge (and generalized charges) correspond to quantized topological invariants of phase
twist within the resonance network, equivalently expressed as a coupling signature preserved under

admissible deformations.
This explains two key charge features:
- quantization: winding numbers are discrete,

- conservation: topological invariants persist unless the resonance undergoes a topology-

changing collapse event.

Thus, charge is not a property of a point-object. It is a topological phase signature of the resonance

manifold.
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4.4.3 Spin as Rotational Symmetry of the Resonance Manifold

Spin is among the most conceptually difficult quantum properties. CUWF interprets spin not as a tiny

object rotating, but as an intrinsic symmetry of the resonance structure.

A resonance Q) occupies a structured region of mode space. Its internal coherence manifold may

possess rotational symmetry groups under transformations that leave the resonance invariant.

Let g_rot denote the symmetry group of the resonance manifold. The resonance is said to have spin

structure if its phase configuration transforms under a non-trivial representation of g_rot.

Spin Correspondence (CUWF).

Spin corresponds to the rotational symmetry class (representation) of the resonance manifold’s

coherence structure:
spin <> representation of g_rot acting on Q
In particular:
- spin-0 corresponds to a fully isotropic resonance without orientation-dependent coherence,

- spin-1/2 corresponds to a resonance manifold that requires a 4TU rotation to return to the

same phase configuration (double-valued symmetry),
- higher spins correspond to higher-order rotational representation structures.

This resonance-symmetry interpretation is consistent with the observed behavior of spin as an intrinsic

transformation property, rather than classical rotation.
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4.4 .4 Unified View: Properties as Resonance Invariants

CUWEF therefore proposes a unified ontology:

- mass is a geometric stiffness invariant (entropic curvature around the stable manifold),

- charge is a topological phase invariant (winding/coupling signature),

- spin is a symmetry invariant (rotational representation of the resonance manifold).

These invariants define particle “species” in the CUWF sense: families of resonances that share the

same invariant structures under admissible entropic evolution.

Summary (Section 4.4)
- In CUWF, particle properties are not fundamental labels on point-objects.
- Mass emerges as resistance to entropic deformation: inertia from mode-locking stiffness.

- Charge emerges as topological phase twist / coupling signature preserved under

deformation.

- Spin emerges as rotational symmetry class of the resonance manifold.

- Particle species correspond to families of resonance solutions characterized by shared

invariants.
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