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Section 9 QFT as Effective Theory of CUWF

9.1 Conditions for QFT to Hold

Section 8 argued that renormalization is best understood in CUWF as an approximation artifact: the
projected QFT formalism treats fields as exact continua, assumes arbitrary short-distance linearity, and
hides the natural entropic cutoff of mode space. This does not mean that QFT is invalid. On the
contrary, QFT is extraordinarily accurate within the domain where its assumptions are approximately

satisfied. The task of Section 9 is to identify that domain clearly.

CUWEF interprets QFT as an effective theory: a projection of deeper entropic mode dynamics into a
quasi-linear spacetime field description. QFT works when the underlying CUWF system behaves in a
way that can be approximated by linearly decomposable field modes, stable vacuum structure, weak

entropic curvature, and perturbative resonance transitions.
The central claim of this section is:

QFT holds when CUWF mode dynamics enter a quasi-linear, weak-curvature, stable-vacuum

projection regime.
More compactly:

QFT = [1_QFT(CUWF) under { quasi-linear regime, weak entropic curvature, stable background

vacuum }

This statement is not a rejection of standard QFT. It is a domain statement. CUWF proposes that QFT is
the correct effective description when the deeper entropic wave field projects cleanly into spacetime-

local operator language.

9.1.1 QFT as a Projection, Not the Deepest Ontology
In standard QFT, fields are treated as operator-valued objects defined on spacetime. Particles are

excitations of these fields, interactions are represented by local vertices, and perturbation theory is
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organized through field operators, propagators, and coupling constants. This formalism is powerful

because it captures the effective behavior of quantum systems in many regimes.

CUWEF changes the ontological ordering. The field operator CI)(X) is not fundamental. It is a spacetime
projection of the underlying entropic mode state. A particle is not an elementary object added to a
field. It is a collapse-stabilized resonance identity within an entropic wave-mode ensemble. A vertex is

not a literal point collision. It is the projected signature of a resonance transition in mode space.
Therefore, QFT is interpreted as:
QFT = effective spacetime-operator projection of entropic mode dynamics
In symbolic form:
d)(x), at, a, propagators, vertices = H_QFT(T, QR T E, .7C_E)

The validity of QFT depends on whether this projection remains stable and information-preserving for
the physical regime being studied.

9.1.2 First Condition: Quasi-Linear Regime

The first condition for QFT to hold is the quasi-linear regime. In this regime, the underlying entropic
mode dynamics can be approximated as nearly linear oscillatory behavior. Mode coupling exists, but it
is weak enough that the system can be decomposed into approximately independent field modes plus

perturbative interactions.
In CUWF language, a field state is represented in mode space as:
W) =2 icim.i)

QFT becomes accurate when this expansion behaves approximately like a linear superposition of

stable modes after projection:
N_arm(W) = dx) =2 ic_i P_ix)

The important word is “approximately.” CUWF does not claim that the deepest universe is linear. It
claims that QFT becomes valid when nonlinear entropic effects are sufficiently small that the projected

field behaves as if it were linearly decomposable.
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This condition may be expressed schematically as:
|| nonlinear entropic correction || < || linear projected dynamics ||

When this inequality holds, standard field operators, propagators, and perturbative expansions can

accurately describe the system.

9.1.3 What Quasi-Linearity Means Physically

Quasi-linearity means that resonance-capable mode families remain separable enough to be treated
as distinct field excitations. The vacuum baseline is not strongly deformed by every small interaction.
Resonance transitions occur as controlled deviations rather than as global restructuring of the entire

mode sea.
Physically, this implies:

mode families can be treated as approximately independent before interaction;

interactions can be represented as perturbative corrections;

propagators remain meaningful as correlation-transport kernels;

vertices remain useful as compressed transition symbols;

creation and annihilation operators remain valid as effective resonance occupation operators.

In CUWF terms, the resonance transition kerel J°_E must remain small enough relative to the stable

background mode structure:
TE=T Er0+06T E, with |0T E|LEKL T _E~0|LE

Under this condition, the projected QFT diagrammatic language works because the deeper resonance

transitions can be decomposed into manageable elementary processes.

9.1.4 Second Condition: Weak Entropic Curvature

The second condition is weak entropic curvature. CUWF mode space is governed by an entropic
metric and curvature structure g_E. If this curvature is weak over the relevant mode region, then the
projected field behaves approximately as if it lives on a smooth spacetime background with stable

local field behavior.
Weak entropic curvature may be expressed schematically as:

]
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IR_E|| K R_*

where R_E denotes the effective entropic curvature of mode space and R_* is the threshold beyond

which the quasi-linear projection begins to fail.

When entropic curvature is weak, the field modes do not experience strong geometric distortion in
mode space. Their projected behavior can be approximated by standard propagators and local
interaction terms. In this regime, spacetime locality, microcausality, and perturbative field dynamics

emerge reliably.

9.1.5 Why Weak Curvature Supports Standard QFT

QFT assumes that field modes can propagate through a background structure in a controlled way.
Even in curved-spacetime QFT, one typically assumes that fields remain definable over a spacetime
manifold and that local operator methods remain meaningful. CUWF states that such behavior is

possible only when the deeper entropic geometry is not too strongly curved.
If g_E varies slowly across the relevant mode region, then the projection map [1_QFT remains stable:
OM_aFT/8g_E = small

This means that small changes in entropic geometry do not radically change the projected field
description. As a result, QFT can treat fields, particles, propagators, and interaction vertices as stable

effective objects.

If entropic curvature becomes strong, the projection becomes unstable. The same resonance structure
may no longer map cleanly into a local spacetime field, and QFT begins to lose its predictive
completeness. This is why CUWF expects QFT breakdown in high-curvature entropic regimes, as

discussed in Section 8.4.

9.1.6 Third Condition: Stable Background Vacuum

The third condition is a stable background vacuum. Section 6 reinterpreted vacuum as the baseline
entropic mode population, not as nothing. QFT assumes a vacuum state |O) around which field
excitations can be defined. CUWF interprets this state as the projected representation of a stable non-

resonant mode sea:
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0) = N_arFT(V_E))

For QFT to hold, the underlying vacuum reservoir V_E must remain sufficiently stable. It must support
fluctuations, resonance formation, and interaction transitions without undergoing uncontrolled
restructuring. In other words, the baseline mode sea must behave as a reliable background for

projected field excitations.
A stable vacuum condition may be expressed schematically as:
D_7\ V_E = 0 under small perturbations
or, more explicitly:
16V g E KL |V E|E

This means that small resonance events do not destabilize the entire vacuum reservoir. The vacuum

can absorb and supply coherence while maintaining its baseline identity.

9.1.7 Why Vacuum Stability Is Necessary for Field Theory
QFT requires a stable background because particle states are defined relative to a vacuum. Creation
and annihilation operators act on |O). Propagators are calculated as vacuum expectation values.

Perturbation theory expands around a stable baseline.

In CUWF, this means that the entropic reservoir must remain coherent enough to support a consistent
projection. If the vacuum reservoir is unstable, then resonance identities cannot be defined cleanly,

operator algebra becomes unstable, and perturbative QF T loses its foundation.

Therefore, the existence of a stable |0> in QFT corresponds to the deeper CUWF condition that PV Eis
a stable non-resonant baseline mode population. The QFT vacuum is effective only when the mode sea

can function as a coherent reservoir rather than as a turbulent collapse environment.

9.1.8 Combined Validity Condition for QFT
The three conditions can now be combined into a single CUWF criterion for QFT validity. QFT is

expected to hold when:

the regime is quasi-linear;

entropic curvature is weak;
]
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the background vacuum reservoir is stable;

resonance families are sufficiently separable;

interactions are perturbative or weakly nonlinear;

finite entropic cutoff effects remain hidden beyond the accessible scale.

A compact expression is:
QFT valid & { QL, weak R_E, stable P E, separable QR perturbative K E }

where QL denotes quasi-linearity, R_E denotes entropic curvature, v_E denotes the vacuum reservair,

()_R denotes resonance families, and fK_E denotes entropic coupling kernels.

In this regime, QFT is not merely a useful approximation. It is the correct effective language for the

projected behavior of CUWF mode dynamics.

9.1.9 Why QFT Appears Fundamental in Ordinary Regimes

In ordinary laboratory conditions, QFT appears fundamental because the CUWF validity conditions are
usually satisfied. Entropic curvature is weak. The vacuum background is stable. Interactions are often
perturbative. Resonance identities are cleanly distinguishable. The natural entropic cutoff is far beyond

the probed scale.

Under such conditions, the deeper CUWF structure remains hidden. The projected QFT description is
S0 accurate that it appears to be the deepest description. This is similar to how classical
thermodynamics can appear complete at macroscopic scale even though it emerges from

microscopic statistical mechanics.

CUWE therefore does not diminish QFT. It explains why QFT is so powerful: QFT is the stable

projection of CUWF in the regime where entropic mode dynamics become quasi-linear.

9.1.10 Transition from CUWF to QFT Language

The transition from CUWF to QFT can be summarized by the following dictionary of effective

emergence:

]
© 2025 CHAYUT TECHASAMRAN 189



v

% Paper A-19: Quantum Field under CUWF www.cuwfcosmos.com
CUWE structure QFT effective expression
Entropic mode field F Field operator CI)(x)
Baseline mode sea V_E Vacuum state |O)
Collapse-stabilized resonance QR Particle state
Resonance formation / dissolution Creation / annihilation operators
Entropic coupling kernel K E Coupling constant g
Resonance transition kernel T_E Interaction vertex
Mode-space coarse-graining Renormalization group flow
Entropic cutoff Regularization / effective UV boundary

This table is not meant to replace QFT formalism. It states the CUWF interpretation of why the QFT

formalism works when the projection conditions are satisfied.

9.1.11 Boundary of Validity
The same conditions also identify the boundary of QFT validity. QFT is expected to become incomplete

when any of the following conditions fail:

quasi-linearity fails and nonlinear resonance coupling dominates;

entropic curvature becomes strong;

the vacuum reservoir becomes unstable;

resonance families cease to be separable;

interaction transitions become non-perturbative cascades;

finite wave-structure resolution becomes physically visible;

the natural entropic cutoff enters the accessible regime.

This boundary is essential for CUWF because it allows the theory to make a principled distinction
between where QFT should work and where deeper entropic mode dynamics must be used directly.
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9.1.12 Summary
QFT is not rejected in CUWF. It is reinterpreted as the effective spacetime-operator theory that

emerges when CUWF mode dynamics enter a stable projection regime.
The three primary conditions for QFT to hold are:

quasi-linear regime;

weak entropic curvature;

stable background vacuum.

When these conditions are satisfied, fields can be represented as projected operator-valued functions,
particles can be treated as excitations, interactions can be represented by vertices and coupling

constants, and renormalization can be used to manage scale dependence.

When these conditions fail, QFT remains useful as an approximation but may no longer provide the

deepest physical description.
The final CUWF statement is:
QFT is the quasi-linear, weak-curvature, stable-vacuum projection of CUWF entropic mode dynamics.

CUWF Paper A-19 — Section 9.2

QFT Emergence

9.2 QFT Emergence

Section 9.1 identified the conditions under which Quantum Field Theory can be recovered from CUWF:
a quasi-linear regime, weak entropic curvature, and a stable background vacuum. We now explain
how QFT actually emerges under those conditions. The central point is that QFT is not rejected by
CUWE. Itis recovered as an effective spacetime-operator description when the deeper entropic mode

dynamics become sufficiently smooth, separable, and projection-stable.

In this regime, field modes behave approximately as free linear oscillators, and interactions become
perturbative corrections around that free baseline. This is precisely the structural foundation of
standard QFT: free fields first, interactions second. CUWF explains why this structure works. It works
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because, under weak entropic curvature and stable vacuum conditions, the underlying mode sea can

be approximated as a collection of separable resonance-capable oscillatory modes.

9.2.1 The Core Emergence Statement

The CUWF emergence statement may be written schematically as:

QFT = l_QFT(CUWF mode dynamics) under quasi-linear projection

This means that the spacetime field operators, propagators, particles, and vertices of QFT are not
independent primitives. They are the effective projected language of entropic wave modes, collapse-

stabilized resonances, and resonance-transition pathways.

When the underlying system is too nonlinear, too curved, or too turbulent, the projection cannot be
faithfully represented by ordinary QFT. But when the system is quasi-linear, QFT emerges as the

correct effective approximation.

9.2.2 Field Modes Behave as Free Linear Oscillators

The first mechanism of QFT emergence is the reduction of entropic wave modes to approximately free
linear oscillators. In standard QFT, a free field is decomposed into independent modes, and each
mode behaves like a harmonic oscillator. This is the reason creation and annihilation operators can be

introduced naturally.

CUWEF explains this oscillator structure as a low-curvature approximation of entropic mode dynamics.

Let |UJ) be the CUWF field state in mode space:
W) =2 icim.i)

In the quasi-linear regime, the mode coefficients c_i evolve approximately independently, and the
entropic coupling among distinct modes is weak enough to be treated as a correction rather than as a

dominant nonlinear constraint. The leading-order dynamics then reduce to oscillator-like evolution:
DAcic—iW.c
9.2.2c

where W_i is the effective frequency of mode i under projection. This equation should not be read as

the deepest CUWF law. It is the quasi-linear approximation of a richer entropic mode evolution.
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Nevertheless, once this approximation holds, the standard QFT picture of field modes as harmonic

oscillators becomes natural.

9.2.3 Why Free Fields Appear First

Standard QFT begins with free fields and then introduces interactions. CUWF explains why this is
possible. In a stable background vacuum, the baseline entropic mode sea VE supports coherent
mode propagation without immediate collapse turbulence. In weak entropic curvature, the metric
structure g_E does not strongly distort mode propagation. In a quasi-linear regime, mode coupling is

small enough that modes can be approximated as separable.

Therefore, the free-field approximation corresponds to the leading-order projection of CUWF mode

dynamics:
:F_CUWF — {approximately independent projected modes}

This is why QFT free fields are so useful. They are not arbitrary mathematical constructions. They are
the effective description of CUWF fields when the entropic mode sea is sufficiently stable and the

mode families are sufficiently separable.

9.2.4 Emergence of the QFT Field Operator
Section 5.1 reinterpreted the QFT field operator (I)(x) as the projection of the entropic mode field into

spacetime coordinates. In the quasi-linear regime, this projection takes the familiar modal form:

bx) =2 icid_ix)

where (I)_i(x) are projected spacetime basis functions associated with the underlying entropic modes.
When the coefficients c_i behave approximately as oscillator variables, (I)(x) behaves like a standard
QFT field. The operator-valued structure appears because the spacetime projection represents mode-

space state transformations in an effective algebraic form.

Thus, the field operator is not fundamental in CUWF. It becomes valid when the projection from mode

space to spacetime is sufficiently smooth and stable.

]
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9.2.5 Emergence of Creation and Annihilation Operators
Section 5.2 reinterpreted creation and annihilation operators as effective descriptions of resonance
formation and resonance dissolution. In the quasi-linear regime, resonance transitions are sufficiently

discrete and stable that they can be represented by occupation-number operators.

A mode that behaves approximately as a harmonic oscillator naturally supports ladder-operator

notation:
a_it In_i) = Vini+1 In_i + 1)
a_iln i) = \/n_i In_i — 1)
CUWEF reads this not as literal object creation and destruction, but as the effective algebra of

resonance occupation. The reason this algebra becomes accurate is that, in the QFT regime, the

resonance families are stable enough and separable enough to be counted discretely.

Therefore, occupation-number formalism emerges when collapse-stabilized resonance identities can

be treated as distinguishable occupation states of projected mode families.

9.2.6 Interaction Becomes Perturbative

The second major mechanism of QFT emergence is perturbativity. In standard QFT, interactions are
often handled by expanding around the free theory in powers of a coupling constant g. CUWF explains
perturbativity as the condition in which entropic coupling between resonance families is weak relative

to the stability of the background mode sea.

Let fK_E(Q_A, ()_B) be the entropic coupling kernel between resonance families Q Aand Q B.In

the perturbative regime:
IFC_EQ A Q B)IE K1

This means that the interaction slightly modifies the resonance configuration rather than violently

restructuring it. The projected coupling constant g_AB is then small:

g AB =M aofFTiK EQ A Q B)
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9.2.6¢

and amplitudes can be expanded in powers of g_AB:

cﬂ=a‘l_0+ga‘l_1 +gzcﬂ_2+...

9.2.6d
This is the CUWF origin of perturbation theory. It works when entropic mode coupling is weak enough
that resonance transitions can be decomposed into a sequence of small corrections around a stable

free-field baseline.

9.2.7 Feynman Diagrams as Projected Resonance Pathways

Once interactions become perturbative, Feynman diagrams emerge as bookkeeping tools for
projected resonance transition pathways. Section 7.2 interpreted a QFT vertex as the spacetime-
projected representation of an entropic resonance transition point. In the perturbative regime, complex

transitions can be decomposed into combinations of such elementary projected vertices.
A QFT amplitude may therefore be interpreted as:

A_QFT & 2 diagrams 1_QFT[resonance transition pathways]

This explains why Feynman diagrams are so powerful. They are not literal pictures of small objects
moving through spacetime. They are effective diagrams of resonance-transition possibilities after the

deeper entropic mode dynamics have been projected into a quasi-linear spacetime framework.

9.2.8 Propagators as Projected Mode-Correlation Transport
In standard QFT, propagators describe how field disturbances travel from one point to another. CUWF
reinterprets propagators as projected correlation-transport kernels derived from the entropic mode

dynamics developed in Section 3.3.

The entropic propagator G_E satisfies a mode-space relation of the form:
ODA—KEAE+.)GE=0FE

In the quasi-linear regime, the projection of G_E into spacetime becomes the familiar QFT propagator:

© 2025 CHAYUT TECHASAMRAN 195



v

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

G_QFT(x, y) = MN_QFT[G_E]
9.2.8¢c
This emergence requires that the entropic geometry be weak enough for mode-space correlation
transport to appear as spacetime propagation. When this condition holds, the QFT propagator

becomes an accurate representation of projected coherence transport.

9.2.9 Vacuum Stability as the Background for QFT Emergence

QFT emergence also requires a stable background vacuum. Section 6 defined the vacuum as the
baseline entropic mode population V_E. I this reservoir is stable, then field excitations can be treated
as fluctuations or resonances above a coherent background. If the reservoir is unstable, then there is

no fixed baseline around which QFT can expand.
The QFT vacuum |O) emerges as:
o) = N_arT(V_E))

This relation is valid only when the vacuum reservoir remains sufficiently stable under perturbation. If
the vacuum undergoes strong entropic rearrangement, collapse turbulence, or nonlinear mode

restructuring, the standard QFT vacuum state is no longer an adequate foundation.

9.2.10 Why QFT Looks Linear Even When CUWF |s Deeper and Nonlinear

A possible objection is that CUWF contains nonlinear structures: collapse-stabilization, entropic
compatibility constraints, resonance basins, and phase-locking transitions. How, then, can QFT be so

linear in its starting point?

The answer is that linearity is an emergent approximation around a stable background. Many nonlinear
theories become approximately linear when expanded near a stable equilibrium. CUWF makes the
same claim for field theory. Around a stable vacuum reservoir and weak entropic curvature, the first-

order behavior of modes is approximately linear:

CUWEF nonlinear mode dynamics — linearized QFT field modes
The nonlinear structure remains present, but it is hidden in interaction terms, renormalization effects,

non-perturbative corrections, and regimes where QFT begins to fail.
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9.2.11 The Emergence Chain
The CUWF-to-QFT emergence chain may be summarized as follows:
 Entropic mode field F vecomes a projected spacetime field CI)(X).
* Mode coefficients c_i become oscillator-like variables in the quasi-linear regime.
 Collapse-stabilized resonances become particle occupation states.
* Resonance formation and dissolution become creation and annihilation operators.
* Entropic coupling kernels become QFT coupling constants.
* Resonance transition points become Feynman vertices.
* Mode-correlation transport becomes propagator structure.
* Mode-space coarse-graining becomes renormalization group flow.

This chain shows that QFT is not alien to CUWF. QFT is the natural effective language of CUWF when

the underlying entropic dynamics enter a projection-stable regime.

9.2.12 Summary

QFT emerges from CUWF when entropic mode dynamics become quasi-linear, weakly curved, and
supported by a stable vacuum reservoir. Under these conditions, field modes behave approximately
as free linear oscillators, and interactions become perturbative corrections around the free-field

baseline.
The central CUWF statements are:
field modes — free linear oscillators in the quasi-linear limit
interaction — perturbative entropic coupling under weak mode interaction
QFT — effective spacetime projection of CUWF mode dynamics

Thus, QFT is not rejected. It is recovered as the correct effective description of CUWF in ordinary
regimes where entropic curvature is weak, collapse turbulence is small, and the vacuum reservoir

remains stable.
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The final CUWF statement is:

QFT emerges when CUWF mode dynamics linearize into stable projected oscillator modes with

perturbative coupling.

9.3 When QFT Fails

Section 9.1 defined the conditions under which Quantum Field Theory can be recovered as an
effective projection of CUWF: the system must remain in a quasi-linear regime, the entropic curvature
must be weak, and the background vacuum must remain stable. Section 9.2 then showed how, under
those conditions, CUWF mode dynamics can linearize into projected oscillator modes and perturbative

interactions. We now examine the opposite case: when QFT ceases to be sufficient.

CUWEF does not claim that QFT fails in ordinary laboratory regimes. On the contrary, QFT works
extremely well precisely because most accessible experiments occur inside the quasi-linear, weak-
curvature, stable-vacuum domain. However, CUWF predicts that QFT should become incomplete
whenever the deeper entropic mode structure can no longer be projected faithfully as a linear

spacetime field theory.
The central statement of this section is:
QFT fails when CUWF mode dynamics leave the quasi-linear projection regime.
The three most important failure conditions are:
* high entropic curvature
» strong collapse turbulence
* non-perturbative resonance cascades

9.3.1 QFT Fails When Projection Becomes Nonlinear
QFT assumes that fields can be described as operator-valued structures on spacetime and that

interactions can be represented as perturbative corrections around a stable vacuum. In CUWF terms,
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this means the deeper entropic mode dynamics must project into spacetime in a relatively smooth,

stable, and approximately linear manner.

When this projection becomes nonlinear, the QFT description begins to lose its physical completeness.
The field operator (I)(x) no longer captures the full mode-space structure. Creation and annihilation
operators no longer fully describe resonance formation and dissolution. Feynman vertices no longer
represent isolated transition points. Running couplings no longer absorb all scale dependence into

smooth effective parameters.
In compact form:
QFT valid: [_QFT(CUWF) & quasi-linear field theory
QFT fails: I1_QFT(CUWF) becomes nonlinear, unstable, or non-separable

This does not mean that QFT becomes useless immediately. It means that QFT becomes an
incomplete approximation. Corrections, non-perturbative methods, or a direct CUWF mode-space

description become necessary.

9.3.2 Failure Condition I: High Entropic Curvature

The first major breakdown condition is high entropic curvature. Earlier sections introduced the entropic
metric g_E on mode space M . n ordinary regimes, g_E may be weakly curved enough that mode
propagation appears approximately linear after projection. However, when the curvature of entropic
mode space becomes large, the simple QFT picture of free field modes plus perturbative interactions

becomes unreliable.
Let R_E denote an effective scalar measure of entropic curvature. QFT is expected to hold when:
IR_E| K R_*

where R_* is the threshold above which projection nonlinearity becomes significant. QFT begins to fail

when:
IR_E| =R *

In such a regime, modes cannot be treated as freely propagating oscillator-like components. Their

propagation, coupling, and admissibility are strongly shaped by the curved geometry of mode space.
|
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The field no longer behaves as a simple linear object on spacetime. It behaves as a nonlinear entropic

wave structure whose projected spacetime representation is only partial.

9.3.3 Physical Meaning of High Entropic Curvature

High entropic curvature means that mode-space distances, coupling channels, and coherence
pathways are strongly distorted. Two mode families that appear weakly related in a flat approximation
may become strongly coupled. Conversely, a formally allowed QFT channel may become entropically

suppressed or inaccessible.

In a weak-curvature regime, the projected field can be decomposed into approximately independent

modes:

|L|J) x2ici |m_i), with weak mode mixing
In a high-curvature regime, this decomposition becomes unstable:

D_A |m_i) is strongly coupled to many |m_j)

This destroys the clean free-particle basis assumed by perturbative QFT. The notion of a particle as a
stable excitation of a field may remain useful locally, but it is no longer a globally reliable description.
CUWEF predicts that high entropic curvature forces particle-like identities to be redefined as

dynamically evolving resonance structures rather than fixed QFT excitations.

9.3.4 Possible Domains of High Entropic Curvature

High entropic curvature is expected wherever the underlying wave-mode architecture is strongly
compressed, strongly coupled, or strongly reorganized. Candidate regimes include early-universe field
conditions, black hole vicinity, extreme scattering environments, dense resonance overlap, and

regions where vacuum structure is strongly distorted.

In such domains, the QFT assumption that spacetime-local field operators provide the primary
description may fail. CUWF instead expects the deeper mode-space geometry to become physically
visible through deviations from ordinary propagator behavior, modified effective couplings, resonance

instability, or non-standard vacuum response.

]
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This does not require every high-energy experiment to violate QFT. The crucial variable is not energy
alone. It is entropic curvature: the degree to which the underlying mode geometry departs from the

quasi-linear projection regime.

9.3.5 Failure Condition II: Strong Collapse Turbulence

The second major breakdown condition is strong collapse turbulence. In CUWF, collapse is not an ad
hoc measurement postulate. It is a physical stabilization process in which unstable mode
configurations become phase-locked into resonance identities. In ordinary QFT regimes, collapse-
stabilization is sufficiently controlled that particles can be treated as stable excitations or asymptotic

states.

However, if the mode field enters a regime where many collapse-stabilization events occur rapidly,
overlap, interfere, or destabilize one another, then the projected QFT description becomes inadequate.

CUWEF calls this condition collapse turbulence.

Let X_C denote an effective collapse-turbulence parameter, representing the density, instability, and

nonlinear overlap of collapse events. QFT is expected to remain reliable when:

X Cc <K 1

but becomes incomplete when:

Vv

XxcC
In this regime, resonance identities may form and dissolve too rapidly for a stable particle basis to

exist. The language of incoming and outgoing particles becomes an approximation rather than a

fundamental description.

9.3.6 Collapse Turbulence and Measurement-Like Instability

Strong collapse turbulence is not simply ordinary interaction. Ordinary interaction may still be
represented by vertices and perturbative amplitudes. Collapse turbulence occurs when the stabilizing
process itself becomes unstable. The system is not merely exchanging quanta; it is repeatedly

reorganizing its resonance identity structure.

In such a regime:
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* phase-locking conditions fluctuate strongly;

* resonance basins become unstable;

* particle identity may drift or fragment;

* vacuum response becomes nonlinear;

* operator ordering may no longer reduce to canonical algebra;

« transition amplitudes may fail to decompose into isolated Feynman vertices.

9.3.7 Failure Condition Ill: Non-Perturbative Resonance Cascades

The third major breakdown condition is a non-perturbative resonance cascade. Perturbative QFT
assumes that interactions can be expanded in small powers of a coupling constant. In CUWF terms,
this assumes that resonance transitions remain separable, weakly coupled, and decomposable into

manageable transition pathways.

A resonance cascade occurs when one resonance transition triggers additional resonance transitions,
which trigger further transitions, producing a nonlinear chain of mode reorganization. In such a case,

the system cannot be described as a small correction to a free-field background.

A schematic cascade may be written as:
QA PQBE—->QCc—QDPOE— ..

In a perturbative regime, each transition can be treated as a controlled contribution. In a non-
perturbative cascade, the transition network becomes dynamically self-amplifying. The resonance

architecture evolves as a whole.

9.3.8 Why Perturbation Theory Fails in Resonance Cascades
Perturbation theory depends on the existence of a stable reference state. One expands around a free
or nearly free background and treats interactions as small deviations. But in a non-perturbative

resonance cascade, the background itself is reorganized by the interaction.
In QFT notation, a perturbative amplitude may be represented as:
A=Ag+g AL +a@Az+ ...
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This expansion is meaningful when higher-order terms become progressively smaller. CUWF predicts

breakdown when resonance feedback causes higher-order terms to remain large or grow:

|gn cﬂnl not decreasing with n

Physically, this means that the interaction is not a minor correction. It is restructuring the mode field.
The appropriate description is no longer a sum of isolated diagrams but a nonlinear entropic evolution

of coupled resonance basins.

9.3.9 Breakdown of Particle Identity

One of the clearest signs of QFT failure in CUWF is breakdown of stable particle identity. Standard QFT
assumes that one can define particle states, scattering states, and field excitations in a meaningful
way. CUWF agrees when resonance identities remain stable. But in high-curvature or collapse-

turbulent regimes, the stability criteria from Section 4.3 may fail.
Recall the CUWF particle identity conditions:
| didMAD_ij) | < €_lock
Jout<y*
I OJLY, VOl

When these conditions fail, the resonance identity can drift, fragment, or dissolve. If this happens
repeatedly or collectively, the QFT particle basis becomes unstable. The theory may still compute
formal amplitudes, but those amplitudes no longer correspond cleanly to persistent physical

resonance identities.

Therefore, CUWF predicts that QFT fails not only when calculations diverge, but also when the
ontology assumed by those calculations — stable field excitations — no longer exists in the underlying

mode dynamics.

9.3.10 Breakdown of Local Vertices

Section 7.2 reinterpreted a QFT vertex as a projected resonance transition point. This picture works

when resonance transitions can be isolated and localized in the effective spacetime projection. But in

]
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high-curvature or cascade regimes, transitions may overlap strongly. A single local vertex can no

longer represent the actual distributed mode-space process.
The vertex approximation assumes:
V_QFT = rl_QFT[T _E] & localized transition factor
QFT begins to fail when:
T_E becomes extended, nonlinear, or non-separable in mode space

In this case, interaction cannot be faithfully represented as a finite set of point-like vertices. The
underlying process is a distributed resonance reconfiguration. Diagrammatic perturbation theory may

still provide partial approximations, but it will no longer represent the true dynamical structure.

9.3.11 Breakdown of Vacuum Stability
A stable vacuum background is one of the conditions for QFT emergence. Section 6 described the

vacuum as an entropic reservoir. QFT assumes that this reservoir projects as a stable background

state |O). If the reservoir becomes unstable, the entire QFT expansion becomes unreliable.

Vacuum instability in CUWF may occur when the baseline mode population undergoes strong
rearrangement, when resonance production draws coherence from the reservoir faster than it can

equilibrate, or when entropic curvature modifies the admissible mode density.
A stable-vacuum condition may be expressed schematically as:
D_A V_E ~ 0 under ordinary perturbations
Vacuum instability begins when:
IID_A V_E||_E becomes non-negligible

In such a case, the QFT vacuum is no longer a passive ground state. It becomes an active nonlinear

participant in resonance dynamics. This is another route by which QFT may fail as an effective theory.

9.3.12 Practical Meaning: QFT Failure Is Regime-Dependent
CUWEF does not predict a universal simple boundary at which QFT suddenly stops working. The

breakdown is regime-dependent. QFT may remain extremely accurate in one high-energy process but
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fail in another if the second involves stronger entropic curvature, unstable vacuum response, or

nonlinear resonance cascades.

Thus, the CUWEF criterion for breakdown is not energy alone. It is the combined state of the entropic

mode geometry:

QFT fails when {R_E, X_C, nonlinear JC_E, vacuum instability} exceed the quasi-linear projection

domain.

This provides a more flexible and physically meaningful criterion than simply saying that QFT fails at a
certain fixed energy. CUWF expects QFT breakdown wherever the underlying mode structure can no

longer be represented by weakly coupled fields on stable spacetime.

9.3.13 Summary
QFT is recovered in CUWF when entropic mode dynamics project into a quasi-linear, weak-curvature,

stable-vacuum regime. It fails when those conditions no longer hold.

The three primary failure conditions are high entropic curvature, strong collapse turbulence, and non-
perturbative resonance cascades. High entropic curvature makes projected field modes nonlinear and
non-separable. Collapse turbulence destabilizes resonance identities and disrupts the particle basis.
Non-perturbative resonance cascades prevent interactions from being expanded as small corrections

around a free background.

In CUWF, QFT failure does not mean that QFT is wrong in its domain. It means that QFT is an effective
projected theory whose assumptions have been exceeded. The deeper description must then return to
entropic mode dynamics, resonance stability, vacuum reservoir behavior, and nonlinear coupling

geometry.
The final CUWF statement is:

QFT fails when the entropic wave field can no longer be projected as a quasi-linear system of stable

field modes and perturbative interactions.
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9.4 CUWF Provides Physical Meaning Behind QFT Math

Sections 9.1-9.3 established the status of Quantum Field Theory within the CUWF framework. QFT
holds when the underlying CUWF mode dynamics enter a quasi-linear regime, entropic curvature is
weak, and the vacuum baseline remains stable. Under those conditions, field modes behave
approximately as free linear oscillators, and interactions can be treated perturbatively. QFT fails when
those conditions break down: high entropic curvature, strong collapse turbulence, and non-
perturbative resonance cascades prevent the projected field description from remaining linear, local,

and perturbatively separable.

We now close Section 9 by stating the positive interpretive result. CUWF does not merely say that QFT
is an approximation. It explains why the mathematical objects of QFT work and what they physically

mean at a deeper level.
The central claim of this section is:
QFT mathematics = effective bookkeeping of resonance dynamics in entropic mode space
In particular:
Feynman diagram = bookkeeping of resonance transitions

This statement is not a rejection of Feynman diagrams. It is a reinterpretation of their ontology. A
Feynman diagram is not a literal picture of tiny objects traveling through spacetime and colliding at
mathematical points. It is a projected accounting scheme for possible resonance transition pathways

within the entropic wave field.

9.4.1 The Power and Ambiguity of QFT Mathematics

Quantum Field Theory is mathematically powerful because it gives precise rules for calculating
transition amplitudes. Fields are expanded into modes, operators create and annihilate excitations,
propagators connect spacetime points, vertices encode interactions, and diagrams organize

perturbative expansions. This machinery produces extraordinary empirical accuracy.

Yet the success of the machinery does not automatically settle its physical meaning. Several questions
remain conceptually open:
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What is a field, if it is not merely a formal operator-valued distribution?

What is a particle, if it is not a point-object?

What does it mean to create or annihilate a particle?

What is a virtual particle, if it is not directly observable?

Why do interactions appear as local vertices?

Why do infinities appear, and why does renormalization work?

CUWEF answers these questions by placing QFT mathematics inside a deeper wave-entropic ontology.
The equations of QFT remain useful, but their interpretation changes. They are no longer treated as

primitive descriptions of final reality. They become effective projections of entropic mode dynamics.

9.4.2 CUWF Dictionary for QFT Mathematics
The interpretive bridge can be summarized through a CUWF-QFT dictionary. This dictionary does not

replace the computational rules of QFT. It identifies the deeper CUWF structure that each QFT object

represents.
QFT object CUWEF interpretation
field operator (I)(x) spacetime projection of the entropic mode state
creation operator at resonance formation operator in projected form
annihilation operator a resonance dissolution operator in projected form
particle state collapse-stabilized resonance identity
vacuum |O) baseline non-resonant entropic mode population
coupling constant g projected entropic coupling strength between mode families
vertex projected resonance transition point
propagator projected correlation transport through mode space
virtual particle internal resonance channel in a transition kernel
renormalization effective compensation for hidden entropic mode structure

This dictionary expresses the main conclusion of Paper A-19 up to this point. QFT is not wrong. Rather,

QFT is the projected operator language of a deeper mode-resonance architecture.
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9.4.3 Feynman Diagram as Bookkeeping, Not Literal Ontology

A Feynman diagram is often drawn as if particles move along lines and meet at vertices. This visual
language is useful, but it can become misleading when interpreted literally. In CUWF, the diagram is
not a photograph of what exists at the deepest level. It is a bookkeeping device for resonance

transition amplitudes.
Consider a schematic scattering process:
A+B—>C+D

In QFT, the process may be represented by external lines, internal propagators, and vertices. In

CUWEF, the same process is interpreted as a transition among resonance configurations:
QAPQB— KEIQCcPQD

where QQ_A and Q)_B are incoming resonance identities, Q. cand Q. Dare outgoing resonance
identities, and fK_E is the entropic coupling kernel governing the transition. The Feynman diagram
does not show objects colliding. It records the allowed pathways by which one resonance

configuration can transform into another.
Thus:
diagram = projected bookkeeping of allowed resonance pathways

The lines in the diagram correspond to projected resonance channels. The vertices correspond to
entropic resonance transition points. The internal lines correspond to possible non-asymptotic
resonance channels. The full amplitude is the sum over admissible transition pathways projected into

QFT language.

9.4.4 External Lines as Stable Resonance Identities

In a Feynman diagram, external lines represent incoming and outgoing particles that can be prepared
or detected. CUWF interprets these as stable resonance identities. They are not point-objects traveling
through a pre-existing spacetime container. They are collapse-stabilized phase-locked mode subsets

whose projected behavior appears particle-like.

If an external line is labeled by a particle species R, CUWF reads it as:
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external line R = projected stable resonance Q_R

The stability of the external line means that ()_R satisfies the resonance conditions developed earlier:
constructive coherence, phase-lock persistence, bounded leakage, and entropic confinement. Only
stable resonance identities can appear as asymptotic external states because only they persist long

enough to be prepared, propagated, and detected.

9.4.5 Internal Lines as Resonance Channels
Internal lines are often described as virtual particles. CUWF avoids the misleading image that virtual
particles are small objects briefly appearing from empty space. Instead, an internal line represents an

internal resonance channel within the transition kernel.
Symbolically:
internal line = admissible but non-asymptotic resonance channel

Such a channel contributes to the transition amplitude, but it is not a stable detected particle identity. It
is a possible coherence-routing pathway through the entropic mode sea. The fact that it is internal
means that it participates in the transition but does not survive as an independent collapse-stabilized

output resonance.

This interpretation explains why virtual particles should not be treated as ordinary particles. They are
not external resonance identities. They are internal mode-coupling possibilities inside the resonance

transition bookkeeping.

9.4.6 Vertices as Resonance Transition Points
Section 7.2 reinterpreted a QFT vertex as a projected resonance transition point. Section 9.4 places
this interpretation inside the broader effective-theory picture. A vertex is the diagrammatic location

where resonance coherence is redistributed.
At a vertex:

phase relations are reorganized,;
coherence is transferred between mode families;

entropic compatibility constraints select allowed channels;
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resonance invariants such as charge-like phase winding and spin symmetry are preserved;
the vacuum reservoir may contribute or absorb baseline coherence.

Thus:
vertex = projected resonance reconfiguration event

The vertex appears local because the QFT projection compresses a finite mode-space transition into a
spacetime point. At the CUWF level, it is not a literal mathematical point. It is a finite-resolution

resonance-transition structure.

9.4.7 Propagators as Correlation Transport

In QFT, propagators connect field values at different spacetime points and encode how disturbances
travel between them. CUWF interprets a propagator as the projected form of correlation transport in

entropic mode space.

A QFT propagator may be written schematically as:

G_QFT(x, y) = {0] Tib() ()} |0)

In CUWF, (I)(x) and (I)(y) are projections of the underlying entropic mode state. Therefore, the
propagator is not fundamentally a signal traveling from one spacetime point to another. It is the
spacetime-projected representation of coherence transport between mode configurations whose

projections appear at x and y.
Thus:
propagator = projected correlation transport kernel

This interpretation connects directly to Section 3.3, where propagation was described through the

entropic Laplacian, phase transport, and correlation kernels in mode space.

9.4.8 Amplitudes as Sums over Resonance Transition Pathways

A scattering amplitude in QFT is calculated by summing contributions from diagrams. CUWF interprets
this as summing over projected resonance transition pathways. Each diagram represents one
structured way in which the initial resonance configuration can transform into the final resonance
configuration.
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Schematic QFT expression:
A_QFT = Z diagrams A_diagram
CUWEF interpretation:
A _QFT = I pathways [_QF T[T _E(pathway)]

where T_E(pathway) is an entropic resonance-transition pathway in mode space. This equation
captures the physical meaning behind perturbative expansion. The expansion is not a literal sum over

particle stories. It is a projected sum over admissible resonance reconfiguration pathways.

9.4.9 Conservation Laws as Resonance Invariant Preservation
In QFT, diagrams are constrained by conservation laws: energy-momentum, charge, spin, internal
quantum numbers, and gauge-related selection rules. CUWF interprets these as preservation of

resonance invariants across entropic transitions.

If Q_in and Q_out are incoming and outgoing resonance configurations, an admissible transition must

satisfy:
1(Q_in) = I(Q_out) within the allowed projection channel

where | denotes the relevant set of resonance invariants. Charge conservation corresponds to
preservation of topological phase-winding structure. Spin selection rules correspond to compatibility of
resonance symmetry classes. Energy-momentum conservation corresponds to projected coherence-

flow balance. Gauge constraints correspond to preservation of phase-alignment structure.

Thus, conservation laws are not merely external rules imposed on diagrams. They express the deeper
requirement that resonance transitions preserve the admissible invariant content of the entropic mode

field.

9.4.10 Why QFT Mathematics Works So Well

CUWEF explains the empirical success of QFT by identifying the physical regime in which its
mathematical abstractions become stable and accurate. In ordinary laboratory regimes, the vacuum
reservoir is stable, entropic curvature is weak, mode families are separable, and resonance transitions

are perturbative. Under these conditions, the deeper CUWF dynamics project cleanly into QFT objects.

© 2025 CHAYUT TECHASAMRAN 211



v

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

The approximation becomes so stable that the projected mathematics may appear fundamental. Field
operators, particle states, propagators, vertices, commutation relations, and renormalized couplings all
behave as if they are the basic language of nature. CUWF argues that this appearance is valid within

its regime, but not ontologically final.
The reason QFT works is therefore:
CUWF mode dynamics — stable QFT projection under quasi-linear conditions

QFT is successful because it captures the effective behavior of resonance dynamics after projection

into spacetime-operator language.

9.4.11 Why CUWF Adds Physical Meaning

CUWEF adds physical meaning by replacing formal primitives with structural mechanisms. Instead of
saying only that a field operator acts on a Hilbert space, CUWF says that the field operator is a
projection of an entropic mode ensemble. Instead of saying that a creation operator creates a particle,
CUWEF says that resonance formation has occurred. Instead of saying that a Feynman diagram
contains virtual particles, CUWF says that internal resonance channels contribute to the transition

kernel.

This is not a cosmetic reinterpretation. It changes how foundational questions are framed. The question
is no longer “What are virtual particles doing in empty space?” The question becomes “Which internal
resonance channels are available in the entropic mode sea?” The question is no longer “Why do
infinities appear in physical quantities?” The question becomes “Where has the projected theory

overcounted modes beyond the entropic cutoff?”

Thus, CUWF gives QFT mathematics an ontological substrate without discarding its computational

Success.

9.4.12 Summary
Section 9.4 completes the interpretation of QFT as an effective theory of CUWF. QFT is not rejected. It
is reclassified as the quasi-linear, weak-curvature, stable-vacuum projection of entropic mode

dynamics.
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CUWEF provides physical meaning behind QFT mathematics by identifying the deeper resonance

structures represented by its formal tools:

field operators are projections of entropic mode states;

particles are collapse-stabilized resonance identities;

creation and annihilation are resonance formation and dissolution;
propagators are correlation transport kernels;

vertices are resonance transition points;

virtual particles are internal resonance channels;

Feynman diagrams are bookkeeping of resonance transition pathways;
renormalization is compensation for hidden entropic mode structure.

The central statement is:
Feynman diagram = bookkeeping of resonance transitions
The final conclusion of Section 9 is therefore:

QFT is the effective spacetime-operator bookkeeping system for CUWF resonance dynamics.
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