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Section 7 Interaction: Coupling Between Modes 

 

7.1 Interaction in QFT: Coupling Constants g 

Section 6 developed the CUWF interpretation of vacuum as a non-empty entropic reservoir: a baseline 
mode population from which resonance identities may form and into which they may dissolve. We now 
move from vacuum structure to interaction. If particles are collapse-stabilized resonances, then 
interaction cannot be understood as collisions between independent point-objects. Interaction must 
instead be understood as coupling between resonance-supporting mode families within the entropic 
wave field. 

In standard Quantum Field Theory, interactions are represented through coupling constants, usually 
denoted by g or by more specific symbols such as e for electromagnetic coupling. These constants 
determine the strength of interaction terms in the Lagrangian, the probability amplitude of scattering 
processes, and the weights assigned to vertices in Feynman diagrams. 

CUWF accepts the operational success of coupling constants, but reinterprets their physical meaning. 

In CUWF: 

g = effective parameter from entropic coupling strength between specific mode families 

This means that g is not merely a number inserted into a field equation. It is the projected measure of 
how strongly two or more resonance-capable mode families can exchange coherence, phase 
alignment, and entropic constraint information. 

In short: 

interaction = entropic coupling between mode families 

coupling constant = effective strength of that coupling after projection into QFT language 
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7.1.1 Standard QFT Meaning of Coupling Constants 

In standard QFT, an interaction is introduced by adding an interaction term to the Lagrangian. For 
example, a schematic interaction Lagrangian may be written as: 

L_int = g φ₁ φ₂ φ₃ 

or, in a more familiar gauge-field setting, as a coupling between a matter field and a gauge field: 

L_int = g J^μ A_μ 

where: 

g is the coupling constant, 

J^μ is a current or source term, 

A_μ is a gauge field, 
and L_int determines the strength and form of the interaction. 
Operationally, the coupling constant controls how likely an interaction process is. In perturbation 
theory, powers of g appear in scattering amplitudes. A weak coupling allows expansion in small 
powers of g. A strong coupling makes perturbative calculation difficult or invalid. 

For example, if a process involves one interaction vertex, its amplitude may scale schematically as: 

𝓐 ∼ g 

and a probability-like quantity may scale as: 

P ∼ |𝓐|² ∼ g² 

This formalism works extremely well. But it leaves a deeper question: 

What is the physical origin of g? 

Standard QFT usually treats g as a parameter of the theory. It may run with energy scale through 
renormalization, but its deeper ontological origin is not explained inside the formalism itself. CUWF 
proposes that g originates from entropic coupling structure in mode space. 
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7.1.2 CUWF Reinterpretation of g 

In CUWF, a field is not a primitive spacetime object. It is a distribution of entropic wave modes. A 
particle is not an independent object. It is a stable collapse resonance supported by a subset of those 
modes. Therefore, an interaction between particles must be reinterpreted as a change in the coupling 
structure among resonance-supporting mode subsets. 

Let Ω_A and Ω_B denote two resonance families or resonance-supporting mode subsets within the 

entropic wave field 𝓕. Their coupling is described by an entropic coupling kernel: 

𝒦_E(Ω_A, Ω_B) 

This kernel expresses how strongly the two mode families influence one another through entropic 
geometry, phase compatibility, and coherence exchange. 

The QFT coupling constant g_AB is then interpreted as an effective projected parameter derived from 
this deeper coupling kernel: 

g_AB = Π_QFT[𝒦_E(Ω_A, Ω_B)] 

where Π_QFT denotes the projection from CUWF mode-space dynamics into the effective QFT 
representation. 

Thus, g_AB is not fundamental by itself. It is the QFT-visible shadow of an entropic coupling relation 
between resonance-capable mode families. 

7.1.3 Coupling as Coherence Exchange 

The most direct CUWF meaning of interaction is coherence exchange. When two resonance structures 
interact, they do not collide as separate substances. Their supporting mode families exchange phase 
information, amplitude redistribution, and entropic compatibility constraints. 

Let Ω_A and Ω_B be two resonance structures. Their interaction may be described schematically as: 

Ω_A ⊕ Ω_B → Ω_A′ ⊕ Ω_B′ 

where Ω_A′ and Ω_B′ are the post-interaction resonance configurations. 



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

  

© 2025 CHAYUT TECHASAMRAN 120 

 

In standard QFT, this transition would be described as a scattering process. In CUWF, it is a 
resonance reconfiguration process. The interaction strength depends on how strongly the two 
resonance families can couple through the entropic mode sea. 

A useful schematic expression is: 

g_AB ∝ ||𝒦_E(Ω_A, Ω_B)||_E 

where || · ||_E denotes the entropic norm determined by the metric and weighting structure of mode 
space. 

This equation means that stronger entropic coupling produces a larger effective coupling constant in 
the QFT description. 

7.1.4 Components of Entropic Coupling Strength 

The entropic coupling strength between two mode families is not a single primitive feature. It emerges 
from several structural components. 

First, there is phase compatibility. Two mode families couple efficiently if their phase-locking structures 
can partially align or exchange coherence without immediate destabilization. 

Second, there is geometric proximity in entropic mode space. Mode families that are close under the 
entropic metric g_E can exchange coherence more easily than mode families that are distant or 
separated by high entropic curvature. 

Third, there is overlap of resonance basins. If two resonances occupy compatible or neighboring 
entropic basins, their interaction channel is stronger. 

Fourth, there is spectral accessibility. The entropic weighting function w(E) determines which mode 
scales are physically accessible. Even if two modes are formally present in a mathematical expansion, 
their effective contribution to coupling may be suppressed if w(E) is small. 

We may summarize this schematically as: 

g_AB = G[phase compatibility, entropic distance, basin overlap, spectral weighting] 

or more compactly: 
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g_AB = G[C_phase(Ω_A, Ω_B), d_E(Ω_A, Ω_B), B_overlap, w(E)] 

where: 

C_phase measures phase compatibility, 
d_E measures entropic distance in mode space, 
B_overlap measures overlap of entropic compatibility basins, 
w(E) measures spectral accessibility. 
This makes g a physically interpretable effective parameter rather than an unexplained input number. 

7.1.5 Why Coupling Constants Appear as Fixed Numbers in QFT 

In ordinary QFT calculations, coupling constants often appear as fixed parameters at a chosen energy 
scale. CUWF interprets this as a consequence of working in a stable quasi-linear projection regime. 

When the vacuum baseline is stable, entropic curvature is weak, collapse turbulence is small, and the 

relevant resonance families are cleanly separable, the deeper entropic coupling kernel 𝒦_E projects 
into an approximately constant number: 

Π_QFT[𝒦_E(Ω_A, Ω_B)] ≈ g_AB 

In this regime, the interaction may be treated perturbatively. The mode families exchange coherence in 
a controlled way, and the resulting QFT description uses a stable coupling constant. 

However, this apparent constancy is not absolute. It depends on the projection regime. If the entropic 
geometry changes, if the relevant mode scales shift, or if the interaction occurs in a high-curvature 
mode environment, the effective coupling may vary. 

This prepares the later reinterpretation of renormalization: running coupling constants are not arbitrary 
mathematical corrections, but scale-dependent projections of entropic coupling strength. 

7.1.6 Running Coupling as Scale-Dependent Entropic Coupling 

In standard QFT, coupling constants are not truly fixed across all energy scales. Through 
renormalization group flow, effective couplings change with scale. For example, the strength of 
electromagnetic, weak, strong, or other interactions depends on the energy regime. 
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CUWF interprets this naturally. Since g is derived from the entropic coupling kernel and the spectral 
weighting of mode space, it must depend on the scale at which the mode families are being probed. 

We may write: 

g_AB(E) = Π_QFT,E[𝒦_E(Ω_A, Ω_B)] 

where Π_QFT,E denotes projection at an effective energy or resolution scale E. 

As E changes, different portions of the mode sea become accessible or suppressed by w(E), and the 
effective coupling changes: 

dg_AB/d ln E ≠ 0 

In standard QFT, this is expressed as a beta function: 

β(g) = dg/d ln E 

In CUWF, the beta function is interpreted as the projected scale response of entropic coupling 
structure: 

β(g_AB) = scale response of Π_QFT,E[𝒦_E(Ω_A, Ω_B)] 

Thus, running coupling is not merely a mathematical artifact of renormalization. It reflects the fact that 
interaction strength depends on which layers of the entropic mode sea are accessible at the probing 
scale. 

7.1.7 Weak and Strong Coupling in CUWF 

The distinction between weak and strong coupling also gains a clear interpretation. 

A weak coupling means that two resonance families can influence one another only slightly. Their 
entropic compatibility basins are weakly linked, their phase structures overlap only mildly, or their 
accessible mode spectra are limited. In QFT, this permits perturbation theory. 

CUWF expresses weak coupling as: 

||𝒦_E(Ω_A, Ω_B)||_E ≪ 1 
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A strong coupling means that the resonance families are deeply entangled through the entropic mode 
structure. Coherence exchange is no longer a small correction. The interaction may reorganize the 
resonance identities themselves, making perturbation theory unreliable. 

CUWF expresses strong coupling as: 

||𝒦_E(Ω_A, Ω_B)||_E ≳ 1 

In this regime, interaction is not merely exchange of a small disturbance. It becomes resonance 
restructuring. This explains why strong-coupling regimes are difficult in standard QFT: the projected 
operator expansion is trying to describe a deeply nonlinear mode-coupling process using quasi-linear 
tools. 

7.1.8 Interaction Does Not Require Point Contact 

Standard QFT often represents interactions as local vertices in spacetime. A Feynman diagram vertex 
suggests that several lines meet at a point. Operationally, this is a useful representation. Ontologically, 
however, CUWF warns against interpreting it too literally. 

If spacetime is a projection, then a local interaction vertex is also a projected object. At the deeper 
CUWF level, interaction is not point contact. It is entropic coupling among mode families. 

Therefore: 

QFT vertex = projected representation of mode-coupling transition 

The coupling constant g attached to the vertex is the projected strength of the underlying entropic 
coupling. The vertex appears local because the quasi-linear projection compresses the deeper mode 
reconfiguration into a spacetime-local event. 

This point is crucial for Section 7.2, where vertex interactions will be reinterpreted directly as entropic 
resonance transition points. 

7.1.9 Physical Interpretation 

The CUWF reinterpretation of coupling constants changes the meaning of interaction. 
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In a particle-first ontology, interaction may appear as force exchanged between objects. In a field-first 
QFT ontology, interaction appears as coupling among field operators. In CUWF, interaction is deeper 
than both: it is the entropic coupling of resonance-capable mode families within the underlying wave 
field. 

Thus, when two particles interact, CUWF reads the process as follows: 

two resonance identities are supported by the entropic mode sea; 

their mode families become coupled through 𝒦_E; 
coherence and phase relations are redistributed; 
the resonance identities may remain stable, transform, decay, merge, or scatter; 
the projected QFT description records the process through a coupling constant g and a vertex 

structure. 
The coupling constant is therefore not the cause of interaction. It is the measured effective strength of 
a deeper entropic coupling relation. 

7.1.10 Summary 

In standard QFT, coupling constants g determine the strength of interaction terms in the Lagrangian 
and the weight of interaction vertices in perturbative calculations. They are operationally indispensable 
but ontologically under-explained. 

CUWF reinterprets g as an effective projected parameter derived from entropic coupling strength 
between specific resonance-capable mode families. 

The central relation is: 

g_AB = Π_QFT[𝒦_E(Ω_A, Ω_B)] 

where 𝒦_E(Ω_A, Ω_B) is the entropic coupling kernel between mode families Ω_A and Ω_B. 

In this view: 

interaction is not point-object collision; 
interaction is not merely formal operator multiplication; 
interaction is coherence exchange and resonance reconfiguration within the entropic mode sea; 
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coupling constants measure the projected strength of this deeper mode coupling. 
Thus, CUWF preserves the practical QFT use of coupling constants while giving them a physical 
interpretation: 

g is the spacetime-projected strength of entropic coupling between resonance families. 

 

7.2 Vertex Interactions 
Section 7.1 reinterpreted the coupling constant g as an effective projected parameter derived from 
entropic coupling strength between resonance-capable mode families. We now turn to the object in 
QFT where this coupling is usually displayed most visibly: the interaction vertex. 

In a Feynman diagram, a vertex is normally drawn as a point where lines meet. A photon may be 
emitted or absorbed; particles may scatter; a field excitation may transform into another allowed set of 
excitations. In standard perturbative QFT, the vertex is a compact graphical and algebraic 
representation of an interaction term in the Lagrangian. 

CUWF accepts the computational usefulness of vertex diagrams but changes their ontological 
interpretation. A vertex should not be understood literally as a point-like collision of primitive particles in 
spacetime. Since CUWF treats particles as collapse-stabilized resonances and spacetime as an 
emergent projection, a vertex must be interpreted at the deeper level of mode-space dynamics. 

The central CUWF statement is: 

QFT vertex = projected representation of an entropic resonance transition point 

In other words, a vertex marks the transition of resonance configuration under entropic coupling. It is 
the spacetime-projected image of a localized reorganization in the entropic mode field. 

7.2.1 Standard QFT Meaning of a Vertex 
In perturbative QFT, interactions are computed by expanding around free field solutions. The free 
theory describes non-interacting field modes, while interaction terms introduce couplings among them. 
In Feynman diagrams, each interaction term corresponds to a vertex rule. 

For example, a schematic cubic interaction 
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L_int = g φ₁ φ₂ φ₃ 

generates a vertex where three field lines meet. In quantum electrodynamics, an interaction term of the 
form 

L_int = e J^μ A_μ 

is represented by a vertex where an electron line couples to a photon line. The vertex contributes a 
factor proportional to the coupling constant, such as e, and the diagram encodes a contribution to a 
transition amplitude. 

Operationally, this works extremely well. The vertex is not merely a drawing; it is a compact 
representation of a mathematical rule for computing amplitudes. Yet, ontologically, the diagram can 
mislead the reader into imagining a literal point event where particle-objects collide or exchange a tiny 
messenger-object. 

CUWF regards this picture as a projection-level visualization, not a fundamental description. 

7.2.2 CUWF Reinterpretation: Vertex as Resonance Transition Point 

In CUWF, a particle is a stable resonance identity Ω_R formed within the entropic wave field 𝓕. An 
interaction between particles is therefore not a collision between independent substances. It is a 
transition in the coupled resonance configuration supported by the underlying mode sea. 

Let Ω_A and Ω_B denote two incoming resonance identities. Let Ω_C and Ω_D denote possible 
outgoing resonance identities. A QFT scattering process may be written schematically as: 

Ω_A + Ω_B → Ω_C + Ω_D 

In CUWF, this is more precisely a resonance transition: 

Ω_A ⊕ Ω_B  ⟶_{𝒦_E}  Ω_C ⊕ Ω_D 

where 𝒦_E is the entropic coupling kernel between the relevant mode families, and ⊕ denotes 
composition within the entropic mode field. 

The vertex is the transition point in this resonance reconfiguration. It is the point in the effective QFT 
representation where the deeper mode-space process is compressed into a local interaction symbol. 
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Thus, CUWF reads a vertex as: 

V_QFT ≈ Π_QFT(T_E) 

where T_E is the entropic resonance transition process in mode space and Π_QFT is the projection 
into the effective QFT description. 

7.2.3 What Transitions at a Vertex? 
In ordinary diagrams, it may appear that particles enter a vertex and particles leave a vertex. In CUWF, 
what changes is not a set of tiny objects. What changes is the resonance organization of the entropic 
mode field. 

At a vertex, the following structural changes may occur: 

• phase relations among resonance-supporting modes are redistributed; 

• coherence is transferred between resonance families; 

• amplitude support shifts from one stable resonance pattern to another; 

• entropic compatibility constraints select which outgoing resonances are admissible; 

• the vacuum reservoir may contribute or absorb coherence during the transition. 

Therefore, a vertex is not a mechanical point-impact event. It is a structured reconfiguration of phase-
locked mode subsets. 

A useful CUWF formulation is: 

vertex = admissible resonance reconfiguration under entropic coupling 

The word “admissible” is essential. Not every formal transition is physically allowed. A transition occurs 
only if the outgoing resonance configuration satisfies entropic compatibility conditions. 

7.2.4 Vertex Admissibility Condition 

Let 𝓐_E denote the set of entropically admissible resonance configurations. A vertex transition from 

an incoming configuration Ω_in to an outgoing configuration Ω_out is physically allowed only if the 

outgoing configuration remains in 𝓐_E. 
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Ω_in = Ω_A ⊕ Ω_B 

Ω_out = Ω_C ⊕ Ω_D 

Ω_out ∈ 𝓐_E 

More explicitly, the transition must satisfy: 

C_E(Ω_out) ≤ 0 

where C_E is the entropic compatibility constraint. If C_E(Ω_out) > 0, the proposed transition is not 
physically stable and cannot appear as an allowed vertex process. 

This gives CUWF a direct interpretation of selection rules. Conservation laws and allowed interaction 
channels arise because only certain resonance transitions preserve the required invariants of entropic 
mode structure. 

7.2.5 Conservation Laws as Resonance Invariant Preservation 
In standard QFT, vertices obey conservation rules: energy-momentum, charge, spin structure, internal 
quantum numbers, and gauge-related constraints. CUWF reinterprets these conservation laws as the 
preservation of resonance invariants across an entropic transition. 

Let I(Ω) denote the set of resonance invariants associated with a resonance configuration. These may 
include effective mass, charge-like winding, spin symmetry, phase topology, and compatibility basin 
structure. An admissible vertex must preserve the required invariant structure: 

I(Ω_in) = I(Ω_out)   within the allowed projection channel 

This does not mean every individual resonance remains unchanged. Interactions may transform 
resonance identities, split them, merge them, or redistribute their coherence. But the total admissible 
invariant content must remain consistent across the transition. 

For example, charge conservation in QFT corresponds in CUWF to preservation of topological phase-
winding structure across the resonance transition. Momentum conservation corresponds to 
preservation of projected coherence-flow balance. Spin-related selection rules correspond to 
compatibility of rotational symmetry classes in the resonance manifold. 
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7.2.6 Vertex Locality as Projection Compression 
In a Feynman diagram, the vertex appears local. Lines meet at a point. This is useful for calculation, 
but CUWF treats this locality as an effective projection. 

At the deeper level, the transition occurs in entropic mode space. The modes involved in the 
interaction may not be localized in the primitive sense, because spacetime localization itself is 
emergent. What becomes localized in QFT is the projected signature of a mode-space resonance 
transition. 

Therefore: 

local vertex in spacetime = compressed projection of nontrivial mode-space reconfiguration 

The vertex appears point-like when the underlying transition is viewed through quasi-linear spacetime 
coordinates. This is analogous to how a complex distributed process may be represented by a single 
event in a reduced effective model. 

CUWF therefore avoids a literal point-interaction ontology. The apparent point vertex is a calculational 
compression, not proof that nature contains mathematical point-collisions at the deepest level. 

7.2.7 Vertex Factor as Projected Entropic Coupling Strength 
In standard perturbative QFT, a vertex contributes a factor determined by the interaction term and 
coupling constant. CUWF interprets this factor as the projected strength of the entropic resonance 
transition. 

If 𝒯_E(Ω_in → Ω_out) denotes the transition kernel for a resonance reconfiguration, then the QFT 
vertex factor may be written schematically as: 

V_QFT(Ω_in → Ω_out) = Π_QFT[𝒯_E(Ω_in → Ω_out)] 

The coupling constant g enters because the transition kernel depends on the entropic coupling 
strength between the participating mode families: 

𝒯_E = 𝒯_E[𝒦_E(Ω_A, Ω_B), C_E, g_E, w(E)] 
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Thus, the vertex factor is not merely a symbolic rule attached to a diagram. It is the QFT-visible 
amplitude of an underlying entropic reconfiguration process. 

7.2.8 Virtual Particles as Internal Resonance Channels 
Feynman diagrams often contain internal lines interpreted as virtual particles. In standard language, 
these are not directly observable particles but internal contributions to an amplitude. CUWF gives this 
a natural interpretation. 

A virtual particle is not a hidden object briefly existing between vertices. It is an internal resonance 
channel: a temporary, non-asymptotic mode-coupling pathway that helps connect one admissible 
resonance configuration to another. 

In CUWF terms: 

virtual particle = internal resonance channel in the entropic transition kernel 

This avoids the misleading picture that particles constantly pop in and out of empty space. The 
vacuum is already a non-empty entropic reservoir, and internal diagram lines represent possible 
coherence-routing channels within that reservoir. 

7.2.9 Example: Emission as Resonance Reconfiguration 
Consider the emission of a photon by a charged resonance, such as an electron emitting a photon in a 
QFT diagram. Standard notation may depict an incoming electron line, an outgoing electron line, and 
an outgoing photon line meeting at a vertex. 

CUWF reads this as follows: 

• the incoming electron is a fermionic resonance identity Ω_e; 

• the photon is a traveling bosonic coherence resonance Ω_γ; 

• the vertex marks a transition in which the electron resonance reorganizes its phase/coherence 
structure; 

• part of the coherence disturbance is stabilized as a photon-like resonance packet; 
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• the total resonance invariant structure remains admissible under entropic compatibility 
constraints. 

Schematically: 

Ω_e  ⟶  Ω_e′ ⊕ Ω_γ 

This is not an object ejecting another tiny object. It is a transition of resonance configuration in the 
entropic mode field, projected as emission in spacetime. 

7.2.10 Why Feynman Diagrams Work in the CUWF Limit 

Feynman diagrams work because, in the quasi-linear QFT regime, resonance transitions can be 
decomposed into manageable elementary processes. The vacuum baseline is stable, entropic 
curvature is weak, and the relevant mode families can be treated as separable enough for perturbation 
theory. 

Under these conditions, a complex entropic resonance transition can be approximated by a sum of 
projected vertex processes: 

𝒜_QFT ≈ Σ diagrams Π_QFT[resonance transition pathways] 

This equation captures the CUWF interpretation of perturbative expansion. Each diagram is not a literal 
history of tiny particles moving through spacetime. It is a projected bookkeeping term for possible 
resonance transition pathways in mode space. 

Thus, CUWF preserves the practical power of Feynman diagrams while reinterpreting their ontology. 

7.2.11 Breakdown of the Vertex Picture 
The vertex picture is expected to become incomplete when the quasi-linear projection regime fails. 
This may occur under strong entropic curvature, severe collapse turbulence, high-density resonance 
overlap, or non-perturbative coupling. 

In such regimes, interaction can no longer be cleanly decomposed into isolated local vertices. The 
underlying process becomes a distributed resonance cascade rather than a sequence of separable 
point-like events. 
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CUWF therefore predicts that QFT vertex methods are most reliable when resonance transitions remain 
weakly coupled and projection-stable, and least reliable when entropic mode reconfiguration becomes 
strongly nonlinear. 

7.2.12 Summary 
In standard QFT, a vertex is the graphical and algebraic representation of an interaction term in the 
Lagrangian. It appears as a point where field lines meet and contributes a vertex factor controlled by a 
coupling constant. 

CUWF preserves this operational role but reinterprets the vertex ontologically. 

A vertex is not a literal point-collision of primitive particles. It is the projected representation of an 
entropic resonance transition point: a reconfiguration of phase-locked mode subsets under entropic 
coupling. 

The central CUWF statement is: 

vertex = projected resonance transition under entropic coupling 

At such a transition, coherence is redistributed, phase relations are reorganized, and only entropically 
admissible outgoing resonance configurations can persist. Conservation laws become preservation of 
resonance invariants, vertex factors become projected transition strengths, and virtual particles 
become internal resonance channels. 

Thus, the Feynman vertex is retained as a powerful computational tool, but its physical meaning is 
relocated: 

It is not a point where objects collide; it is the spacetime shadow of resonance reconfiguration in 
entropic mode space. 

 

7.3 Gauge Field Meaning 

Sections 7.1 and 7.2 reinterpreted interaction in CUWF as coupling between resonance-capable mode 
families and reinterpreted the QFT vertex as the projected representation of an entropic resonance 
transition point. We now extend this reinterpretation to gauge fields and gauge bosons. 
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Gauge theory is one of the central pillars of modern field theory. In the Standard Model, fundamental 
interactions are described through gauge symmetries, gauge fields, and gauge bosons. 
Electromagnetism is associated with U(1) gauge symmetry and the photon. The weak interaction is 
associated with SU(2) structure and the W and Z bosons. The strong interaction is associated with 
SU(3) color gauge symmetry and gluons. 

Operationally, this framework is extraordinarily successful. Yet, at the ontological level, gauge 
symmetry often appears as a formal redundancy: many mathematical descriptions correspond to the 
same physical state. CUWF accepts this formal role but asks a deeper question: what physical 
structure is being redundantly described? 

The CUWF answer is that gauge symmetry reflects redundancy in the description of phase alignment 
across entropic wave modes. A gauge boson is then not merely a messenger particle added to a field. 
It is a mediator resonance of phase correction: a traveling or exchangeable coherence structure that 
restores, transports, or maintains phase compatibility between coupled resonance families. 

The central CUWF statements are: 

7.3.1 Standard Gauge Theory: Symmetry, Redundancy, and Connection Fields 

In standard gauge theory, a gauge symmetry is a transformation of the field variables that changes the 

mathematical description without changing the physical state. For a simple U(1) field, a matter field ψ 
may transform as: 

The derivative ∂_μψ does not transform covariantly under local phase changes unless a gauge field 

A_μ is introduced. The ordinary derivative is replaced by the covariant derivative: 

where g is the coupling constant and A_μ is the gauge connection. The role of A_μ is to compensate 
local changes of phase so that the theory remains invariant under local gauge transformations. 

In standard language, the gauge field is often understood as the field mediating interaction. The 
photon, for example, is the quantum of the electromagnetic gauge field. In non-Abelian theories, gauge 
bosons mediate more complex internal symmetry interactions. 
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CUWF preserves this formal structure but reinterprets its physical origin. The gauge field is not treated 
as a primitive spacetime substance. It is the effective spacetime projection of a deeper mode-space 
mechanism: phase alignment correction among coupled resonance structures. 

ψ(x) → e^{iα(x)} ψ(x) 

D_μ = ∂_μ + i g A_μ 

7.3.2 Gauge Symmetry as Redundancy of Phase-Alignment Description 

In CUWF, every resonance identity depends on stable phase relations among entropic modes. A 

particle is not merely a localized object; it is a phase-locked resonance subset Ω_R within the entropic 
wave field. Therefore, the internal phase description of a resonance contains descriptive freedom. 
Different phase-coordinate choices may represent the same physical resonance structure if the relative 
phase-locking relations remain unchanged. 

This is the CUWF meaning of gauge redundancy. 

A gauge transformation changes how phase alignment is described, not the underlying resonance 

identity itself. Let Φ_R denote the collective phase configuration of a resonance family Ω_R. A local 
gauge-like transformation may be written schematically as: 

where α is a phase-description shift. If the physical phase-locking relations remain invariant, then the 
resonance identity has not changed. 

Thus, in CUWF: 

Φ_R → Φ_R + α 

gauge symmetry = descriptive redundancy of phase alignment, not physical absence of structure 

7.3.3 Why Local Phase Changes Require a Gauge Field 

A global phase shift is harmless because all relevant phase relations are shifted together. However, a 
local phase shift is more demanding. If different parts of a resonance-supporting mode structure are 
described with different phase choices, the theory must specify how phase alignment is preserved 
across the mode network. 



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

  

© 2025 CHAYUT TECHASAMRAN 135 

 

In standard gauge theory, the gauge field provides this compensation. In CUWF, the same function is 
interpreted physically: the gauge field encodes the phase-alignment correction required to maintain 
coherence between mode families under local descriptive changes. 

Let Ω_A and Ω_B be two coupled resonance-capable mode families. Their interaction depends on 
phase compatibility: 

If local phase descriptions change, the compatibility condition must remain physically meaningful. A 
gauge connection is therefore needed to compare phases across the mode network. In CUWF, this 
comparison is not merely mathematical. It corresponds to the physical requirement that resonance 
coherence be preserved under entropic coupling. 

Therefore: 

C_phase(Ω_A, Ω_B) = invariant under admissible phase-description changes 

gauge field = compensating connection for local phase alignment 

7.3.4 Gauge Field as Phase-Alignment Connection in Mode Space 

The standard gauge field A_μ can now be reinterpreted as the projected representation of a phase-
alignment connection in entropic mode space. 

Let 𝒜_E denote the entropic phase-alignment connection. It determines how phase relations are 
transported, compared, and corrected across mode families. The QFT gauge field is then the 
projected object: 

This expression means that A_μ is not fundamental in itself. It is the spacetime-visible representation 

of a deeper connection structure 𝒜_E operating in mode space. 

The role of 𝒜_E is to preserve admissible coherence during local changes of phase description. It 
tells the mode system how to maintain phase compatibility when resonance structures interact, move, 
transform, or exchange coherence. 

In this sense, gauge fields are not arbitrary mathematical inventions. They are the projected necessity 
of comparing and correcting phase alignment in an entropic wave universe. 
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A_μ = Π_QFT(𝒜_E) 

7.3.5 Gauge Boson as Mediator Resonance of Phase Correction 

In standard QFT, a gauge boson is the quantum excitation of a gauge field. The photon mediates 
electromagnetic interaction, gluons mediate strong interaction, and W/Z bosons mediate weak 
interaction. 

CUWF reinterprets a gauge boson as a mediator resonance of phase correction. It is a resonance 
structure whose function is to carry, restore, or enforce phase compatibility between interacting 
resonance families. 

Let Ω_A and Ω_B be interacting resonance families. A gauge boson resonance Ω_G may appear as 
the coherence-carrying channel that corrects phase mismatch between them: 

This does not mean that a tiny messenger-object flies mechanically between two particles. It means 
that a phase-correction resonance forms within the entropic mode sea and mediates the transition from 
one compatible configuration to another. 

 

Therefore, in CUWF: 

Ω_A ⊕ Ω_B ⟶_{Ω_G} Ω_A′ ⊕ Ω_B′ 

gauge boson = resonance channel that mediates phase correction 

7.3.6 Photon as Traveling Coherence Correction 

The photon provides the clearest example. In standard QED, the photon is the gauge boson of U(1) 
electromagnetism. In CUWF, the photon is a traveling bosonic coherence resonance associated with 
phase correction in the electromagnetic mode family. 

A charged resonance possesses a topological phase/coupling signature. When two charged 
resonances interact electromagnetically, the entropic mode field must maintain compatibility between 
their phase-gradient structures. The photon-like resonance functions as the coherence-carrying 
correction channel. 
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Schematically: 

where Ω_γ is a photon-like gauge resonance and Ω_A′, Ω_B′ are the post-interaction resonance 
states. 

Thus, the photon is not a classical particle-object and not merely an abstract field quantum. It is a 
traveling phase-correction resonance in the entropic mode sea. This preserves its wave-like, particle-
like, and interaction-mediating roles within a single interpretation. 

Ω_A ⊕ Ω_B ⟶_{Ω_γ} Ω_A′ ⊕ Ω_B′ 

7.3.7 Non-Abelian Gauge Fields as Multi-Channel Phase-Correction Networks 

Non-Abelian gauge theories, such as SU(2) and SU(3), involve more complex internal symmetry 
structures. Their gauge bosons can carry the charges associated with the gauge symmetry itself, 
leading to self-interaction and richer coupling behavior. 

In CUWF, this corresponds to multi-channel phase-correction networks. The phase alignment problem 
is no longer a single U(1)-like phase adjustment. It involves several coupled phase-orientation 
channels that can rotate into one another under admissible transformations. 

Let {Φ_a} denote multiple internal phase-orientation components of a resonance family. A non-Abelian 
gauge connection must preserve compatibility across all coupled components: 

where 𝒜_E^a are the entropic phase-alignment connection components and T_a are the generators 
of the internal transformation structure. 

In CUWF language, non-Abelian gauge fields arise when resonance phase correction requires a 
structured network of coupled internal alignment channels rather than a single phase correction. 
Gauge boson self-interaction then reflects the fact that the correction channels themselves carry 
phase-compatibility structure and can couple to one another. 

𝒜_E = Σ_a 𝒜_E^a T_a 
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7.3.8 Gauge Symmetry and Conservation Laws 

Gauge symmetries are deeply connected to conservation laws. In standard field theory, Noether's 
theorem links continuous symmetries to conserved quantities. U(1) symmetry is associated with charge 
conservation, and more complex gauge symmetries are associated with internal conserved structures. 

CUWF reinterprets these conservation laws as preservation of resonance phase invariants. If charge is 
a topological phase twist or coupling signature, then charge conservation means that the total 
admissible phase-winding structure is preserved across resonance transitions. 

For an interaction process: 

CUWF requires: 

where Q_top denotes the topological phase/coupling invariant corresponding to charge-like structure. 

Gauge symmetry is therefore not merely a formal redundancy. It is the projected expression of the fact 
that physical resonance transitions must preserve the relevant phase-invariant content of the entropic 
mode field. 

Ω_in ⟶ Ω_out 

Q_top(Ω_in) = Q_top(Ω_out) 

7.3.9 Gauge Redundancy Does Not Mean Physical Emptiness 

A common interpretational difficulty is that gauge symmetry is often described as redundancy. This 
can make gauge structure sound physically unreal. CUWF distinguishes between two levels: 

At the descriptive level, gauge choices are redundant because multiple mathematical descriptions 
correspond to the same physical resonance structure. 

At the physical level, the need for gauge connection is real because phase alignment across mode 
families must be maintained, transported, and corrected. 

Thus, CUWF does not say that gauge fields are unreal. It says that the gauge field is not a primitive 
object in spacetime. It is the projected representation of a real phase-alignment connection in entropic 
mode space. 
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This is similar to the broader CUWF treatment of QFT objects: the operator or field may not be 
fundamental, but it can still be physically meaningful as a projection of deeper structure. 

7.3.10 Gauge Bosons and the Vacuum Reservoir 

The vacuum reservoir developed in Section 6 is also essential for understanding gauge bosons. A 
gauge boson resonance does not emerge from empty space. It forms as a coherence-routing structure 
within the baseline entropic mode sea. 

When an interaction requires phase correction, the vacuum reservoir supplies the available mode 
background through which the correction resonance can form and propagate. The gauge boson is 
therefore a structured excitation of coherence correction drawn from the mode sea. 

Particle production and interaction are continuous in this sense. A gauge boson can be emitted, 
absorbed, or exchanged because the vacuum reservoir supports temporary or stable phase-correction 
channels. 

In CUWF language: 

This statement links Section 6 and Section 7 directly. The vacuum reservoir is the background mode 
population, and gauge bosons are specialized resonance structures that mediate phase correction 
within that population. 

gauge boson = coherence-correction resonance supported by 𝓥_E 

7.3.11 Why Gauge Theory Works in the QFT Limit 

Gauge theory works because, in the quasi-linear QFT regime, the deeper phase-alignment structure 
projects into clean mathematical symmetry. The mode families are stable enough, the entropic 
curvature is weak enough, and the resonance transitions are controlled enough that phase-correction 
dynamics can be represented by gauge fields and covariant derivatives. 

In this regime: 

The standard gauge formalism is therefore retained as an effective representation. CUWF does not 
remove gauge symmetry. It gives gauge symmetry an ontological substrate: phase alignment across 
entropic wave modes. 
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local phase redundancy → gauge symmetry 

phase-correction connection → gauge field 

phase-correction resonance → gauge boson 

phase redundancy appears as gauge symmetry; 
phase correction appears as a gauge connection; 
gauge bosons appear as mediator resonances; 
interaction vertices appear as resonance transition points. 
7.3.12 Breakdown and Strong Gauge-Coupling Regimes 

The CUWF reinterpretation also clarifies why some gauge theories become difficult in strong-coupling 
regimes. If gauge bosons are mediator resonances of phase correction, then strong coupling means 
that phase correction is no longer a small perturbation. It becomes a nonlinear reorganization of the 
resonance architecture itself. 

In such regimes, the gauge connection cannot be treated as a simple weak field on top of stable 
background resonances. The phase-correction network becomes entangled with the stability of the 
resonances being corrected. This is why non-perturbative gauge dynamics, confinement-like behavior, 
and strong interaction phenomena are difficult to reduce to simple particle-exchange pictures. 

CUWF predicts that when phase-correction resonance channels become strongly self-coupled, the 
effective gauge-boson picture will remain useful but incomplete. The deeper description must be 
written in terms of entropic mode coupling, resonance basin restructuring, and nonlinear phase-lock 
constraints. 

7.3.13 Summary 

In standard QFT, gauge symmetry is treated as a redundancy of field description, while gauge fields 
and gauge bosons mediate interactions. CUWF preserves this operational structure but reinterprets its 
physical meaning. 

Gauge symmetry is redundancy in the description of phase alignment across entropic wave modes. It 
means that different phase-coordinate descriptions can represent the same physical resonance 
structure as long as the phase-locking relations remain invariant. 
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A gauge field is the projected representation of an entropic phase-alignment connection. It 
compensates local phase-description changes by maintaining coherence compatibility across mode 
families. 

A gauge boson is a mediator resonance of phase correction. It is a resonance structure that carries, 
restores, or enforces phase compatibility during interactions. 

 

The central CUWF statements are: 

gauge symmetry = redundancy of phase-alignment description 

gauge field = projected phase-alignment connection 

gauge boson = mediator resonance of phase correction 

 

Standard QFT Term CUWF Interpretation 
Gauge symmetry Redundancy in phase-alignment description 

across modes 

Gauge field A_μ Projected entropic phase-alignment connection 

Gauge boson Mediator resonance of phase correction 
Covariant derivative Effective rule for preserving phase compatibility 
Gauge charge Topological/coupling phase invariant of 

resonance structure 
Gauge interaction Coherence correction between coupled 

resonance families 
 

7.4 Example: Electromagnetic Interaction 

Sections 7.1-7.3 developed the CUWF reinterpretation of interaction, vertex structure, and gauge fields. 
Coupling constants were interpreted as effective projections of entropic coupling strength between 
resonance-capable mode families. Vertices were reinterpreted as projected resonance transition points. 
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Gauge fields were then interpreted as phase-alignment connections, while gauge bosons were 
interpreted as mediator resonances of phase correction. 

We now apply these ideas to the most familiar gauge interaction: electromagnetism. The electromagnetic 
interaction is especially useful as an example because its standard QFT formulation is mathematically 
clean, experimentally precise, and conceptually centered on phase symmetry. In QED, the photon is the 
gauge boson of U(1) symmetry, and electric charge determines the coupling of matter fields to the 
electromagnetic gauge field. 

 

CUWF preserves the operational structure of QED, but reinterprets its ontology. 

photon = traveling coherence packet in the entropic mode sea 

charge interaction = phase-gradient alignment between resonance structures 

This means that electromagnetic interaction is not fundamentally the exchange of tiny messenger 
particles between point-like objects. It is the alignment, correction, and transport of phase-gradient 
structure between charged resonance identities within the underlying entropic wave field. 

7.4.1 Standard QED Picture of Electromagnetic Interaction 

In standard Quantum Electrodynamics, a charged matter field ψ interacts with the electromagnetic 

gauge field A_μ through the covariant derivative: 

D_μ = ∂_μ + i e A_μ 

where e is the electromagnetic coupling constant. The interaction term may be written schematically as: 

L_int = e J^μ A_μ 

where J^μ is the electromagnetic current and A_μ is the gauge field. In Feynman diagram language, 
this interaction is represented by a vertex where a charged particle line couples to a photon line. 

Operationally, this formalism is extraordinarily successful. It predicts scattering amplitudes, radiative 
corrections, magnetic moments, and electromagnetic processes with remarkable precision. However, 
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the diagrammatic language can easily produce a misleading physical image: an electron as a tiny object 
emitting or absorbing a tiny photon-object. 

CUWF replaces this object-exchange picture with resonance reconfiguration. The charged particle is a 
resonance identity. The photon is a traveling coherence packet. The interaction is a phase-gradient 
correction between resonance structures. 

7.4.2 Charged Resonance in CUWF 

In CUWF, charge is not treated as a primitive label attached to a point-particle. Earlier in Section 4.4, 
charge was interpreted as a topological phase twist or coupling signature of a resonance manifold. A 
charged particle is therefore a collapse-stabilized resonance identity whose internal phase structure 
contains a preserved phase-gradient or winding invariant. 

Let Ω_q denote a charged resonance identity. Its charge-like structure can be represented 
schematically by a topological phase invariant: 

Q = (1 / 2π) ∮_Γ dΦ 

where Φ is the collective phase functional around the resonance coupling loop Γ. This expression 
should not be read as a claim that charge is merely a mathematical loop. It states that charge 
corresponds to a preserved phase-orientation structure within the resonance geometry. 

Thus, a charged resonance is not just a localized standing wave. It is a standing resonance with a 
specific phase-gradient signature. This phase-gradient signature determines how it couples to other 
resonances and to the electromagnetic phase-alignment connection. 

7.4.3 Photon as Traveling Coherence Packet 

In standard QED, the photon is the quantum of the electromagnetic field. In CUWF, the photon is 
reinterpreted as a traveling bosonic coherence packet in the entropic mode sea. 

Ω_γ = traveling coherence resonance supported by 𝓥_E 

where Ω_γ denotes a photon-like resonance and 𝓥_E denotes the vacuum as baseline entropic mode 
reservoir. 
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The photon is bosonic because its resonance occupancy is additively compatible. Many photon-like 
coherence packets can share the same mode structure when their phases are compatible. This is why 
electromagnetic waves, laser coherence, and high-occupation photon states arise naturally in the CUWF 
interpretation. 

The photon is also massless in the effective QFT limit because its resonance geometry functions primarily 
as a phase-correction transport channel rather than as a self-confined inertial resonance. Its role is not 
to maintain a heavy localized standing identity, but to carry coherence alignment across the entropic 
mode sea. 

Therefore, in CUWF language: 

photon = mobile phase-correction resonance 

electromagnetic wave = collective transport of photon-like coherence structure 

7.4.4 Charge Interaction as Phase-Gradient Alignment 

The central CUWF reinterpretation of electromagnetic interaction is phase-gradient alignment. A charged 
resonance carries a phase-gradient signature. When two charged resonances are present, the entropic 
mode field must maintain compatibility between their phase-gradient structures. 

Let Ω_A and Ω_B be two charged resonance identities with phase-gradient structures ∇_EΦ_A and 

∇_EΦ_B. Their electromagnetic interaction is the process by which the entropic field aligns, corrects, 
or balances these phase-gradient structures through the electromagnetic phase-correction channel. 

interaction_EM(Ω_A, Ω_B) = alignment of ∇_EΦ_A and ∇_EΦ_B through Ω_γ 

In this formulation, attraction and repulsion are not primitive forces acting between point objects. They 
are projected effects of how phase-gradient structures become more or less compatible under the 
entropic coupling geometry. 

If the phase-gradient relation reduces entropic mismatch, the projected behavior appears as attraction. 
If the phase-gradient relation increases incompatibility or requires separation to preserve admissibility, 
the projected behavior appears as repulsion. 

attraction / repulsion = projected response to phase-gradient compatibility 
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7.4.5 Electromagnetic Coupling Constant e in CUWF 

Section 7.1 interpreted a coupling constant g as the projected strength of an entropic coupling kernel 
between resonance families. In electromagnetism, the relevant coupling is e. CUWF therefore writes: 

e = Π_QFT[𝒦_E(Ω_q, Ω_γ)] 

where 𝒦_E(Ω_q, Ω_γ) is the entropic coupling kernel between a charged resonance family Ω_q and 

the photon-like coherence resonance Ω_γ. 

This means that e is not merely a numerical parameter inserted into QED. It is the effective projected 
measure of how strongly charged resonance structures couple to the electromagnetic phase-correction 
channel. 

The fine-structure constant α can then be interpreted as a dimensionless measure of electromagnetic 
phase-correction strength in the QFT projection regime: 

α = e² / (4πℏc) 

In CUWF terms, α measures the effective strength of phase-gradient coupling after projection into 
spacetime units. It is not simply a mysterious constant of empty space. It is a dimensionless signature of 
how electromagnetic resonance correction appears in the quasi-linear regime. 

7.4.6 Emission and Absorption as Coherence Transfer 

In standard QED, a charged particle may emit or absorb a photon. CUWF reads this not as a small object 
ejecting or swallowing another object, but as coherence transfer between resonance structures. 

Photon emission can be represented as: 

Ω_q → Ω_q′ ⊕ Ω_γ 

where the charged resonance Ω_q transitions to a modified resonance Ω_q′ while releasing a traveling 

coherence packet Ω_γ. 

Photon absorption is the reverse process: 

Ω_q ⊕ Ω_γ → Ω_q′ 
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where the traveling coherence packet is incorporated into the charged resonance structure, changing 
its internal resonance state. 

In both cases, the key event is not object transfer. The key event is resonance reconfiguration: phase 
coherence is redistributed between the charged resonance and the electromagnetic coherence 
channel. 

7.4.7 Electromagnetic Vertex in CUWF 

The standard QED vertex may be drawn as an electron line meeting a photon line. CUWF interprets this 
vertex as an electromagnetic resonance transition point. 

V_EM = Π_QFT[𝒯_E(Ω_q ↔ Ω_q′ ⊕ Ω_γ)] 

where 𝒯_E is the entropic transition kernel governing the reconfiguration of charged and photon-like 
resonance structures. 

 

At the electromagnetic vertex: 

the charged resonance changes its phase-gradient configuration; 
the photon-like resonance carries the required phase-correction coherence; 
charge-like topological invariants are preserved; 
the vacuum reservoir supplies the baseline mode support for the transition; 
the projected QED diagram records the process as emission, absorption, or scattering. 
Thus, the electromagnetic vertex is a projected bookkeeping symbol for a deeper phase-gradient 
correction event in the entropic mode sea. 

7.4.8 Coulomb Interaction as Static Phase-Gradient Compatibility 

The familiar Coulomb interaction can also be reinterpreted in CUWF terms. In classical 
electromagnetism, two charges interact through an electric field. In QED, the interaction can be 
represented through photon exchange. CUWF describes the same phenomenon as phase-gradient 
compatibility adjustment between charged resonances. 
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For two charged resonances Ω_A and Ω_B, the effective interaction potential is the projected energetic 
cost or benefit of their joint phase-gradient configuration: 

V_EM(r) = Π_spacetime[ C_phase(Ω_A, Ω_B; r) ] 

where C_phase measures the phase-gradient compatibility between the two charged resonance 
structures, and r is the projected spatial separation. 

Opposite charges correspond to phase-gradient structures whose joint configuration can reduce 
mismatch, producing attractive projected behavior. Like charges correspond to phase-gradient 
structures whose joint configuration produces incompatibility pressure, producing repulsive projected 
behavior. 

Thus, Coulomb force becomes the spacetime-projected response of the entropic mode sea to charge-
related phase-gradient alignment. 

7.4.9 Electromagnetic Waves as Coherent Mode Transport 

An electromagnetic wave is usually described as oscillating electric and magnetic fields propagating 
through spacetime. CUWF reinterprets this as coherent transport of phase-correction structure through 
the entropic mode sea. 

In the QFT limit, many photon-like coherence packets may form a collectively coherent state: 

|Ψ_EM⟩ ≈ |𝓥_E; N_γ Ω_γ⟩,    N_γ ≫ 1 

This high-occupation bosonic resonance state projects into spacetime as a classical electromagnetic 
wave. The wave appears continuous because the photon-like coherence packets are phase-compatible 
and collectively reinforced. 

Thus, CUWF provides a smooth bridge between the quantum and classical electromagnetic pictures: 

single photon = individual traveling coherence packet 

classical EM wave = high-occupation coherent phase-correction field 
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7.4.10 Why Electromagnetism Is Long-Range 

Electromagnetism is long-range because the photon is massless in the effective QFT description. CUWF 
reinterprets this by saying that the photon-like resonance does not require strong self-confinement as a 
massive localized identity. It functions as a traveling coherence correction channel through the vacuum 
reservoir. 

A massive resonance has strong resistance to entropic deformation. A photon-like resonance has 
minimal inertial confinement and can therefore propagate as coherence transport across large projected 
distances. 

m_γ ≈ 0  ⇔  minimal self-confinement of phase-correction resonance 

The long-range character of electromagnetism is therefore not simply a fact about a messenger particle. 
It is a consequence of the ability of electromagnetic phase-correction coherence to propagate through 
the entropic mode sea without requiring massive resonance stabilization. 

7.4.11 Summary 

Electromagnetic interaction provides a concrete example of the CUWF reinterpretation of QFT 
interaction. 

In standard QED, charged matter fields interact through the electromagnetic gauge field, and photons 
are gauge bosons. In CUWF, charged particles are collapse-stabilized resonance identities with 
topological phase-gradient signatures. Photons are traveling coherence packets in the entropic mode 
sea. Electromagnetic interaction is phase-gradient alignment between charged resonance structures. 

The core CUWF identifications are: 

charge = topological phase-gradient / coupling signature 

photon = traveling coherence packet 

electromagnetic interaction = phase-gradient alignment 

QED vertex = projected resonance transition of charged and photon-like modes 
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Therefore, electromagnetism is not interpreted as the mechanical exchange of tiny objects between 
point-particles. It is the projected appearance of phase-correction dynamics in entropic mode space. 

This completes Section 7 by grounding interaction, vertices, gauge fields, and electromagnetic coupling 
in a single CUWF mechanism: resonance reconfiguration through entropic mode coupling. 

 

 

 

 

 

 

 

 

 

                          

 

 

 

 

 

 

 

 

 


