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Section 5 Quantum Field Operators: CUWF Reinterpretation

5.1 Standard QFT Field Operator @(x)

Having constructed the CUWF ontology of fields and particles (Sections 2—4) and the mathematical
mode-space dynamics framework (Section 3), we now connect CUWF to the operator language of
standard Quantum Field Theory (QFT). This is an essential step because QFT’s empirical success is

encoded in its operator formalism: field operators, commutation relations, and propagators.

CUWEF does not reject QFT. Instead, it reinterprets QFT objects as effective projected descriptions of

deeper entropic mode dynamics.

The first and most fundamental operator in QFT is the field operator (I)(x). This section provides the

CUWEF interpretation of (I)(x).
5.1.1 What (I)(x) Means in Standard QFT

In standard QFT, a field operator (e.g., a scalar field) is written as d)(x), where x denotes a spacetime
point (x = (1, r)). The operator d)(x) is treated as a fundamental object defined on spacetime, and its

excitations correspond to particles.
Operationally, d)(x) is used to:
- define local observables,
- build interaction Hamiltonians,
- derive propagators and correlation functions,
- encode microcausality structure (commutators vanish at spacelike separation).

Thus, (I)(x) acts as the core primitive of QFT.

© 2025 CHAYUT TECHASAMRAN 57



v

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

5.1.2 CUWF Interpretation: d)(x) as a Projection Operator Output

CUWEF reverses the fundamental ordering. The true primitive object is not a spacetime field. It is the
entropic wave field F represented as a mode-state |UJ) EM. Spacetime objects emerge by

projection from mode-space structure.

Therefore, CUWF interprets d)(x) as a derived representation of the underlying mode amplitudes and

phases, expressed in spacetime coordinates.

We define a projection map [_x from the CUWF mode description into an effective spacetime-local

operator representation:

dx) = N_x(F)
or equivalently:

dx) = N_x(W))

The projection 1_x is not a mere mathematical convenience; it encodes the emergence mechanism by

which a distributed mode ensemble becomes readable as a spacetime field.
5.1.3 Projection from Mode Amplitudes to Spacetime Field Values
To make the mapping explicit, represent the CUWF state in a mode basis:
WY=3 icifm_i)
c_i=Aie iPp_i}
Then (I)(x) can be expressed schematically as:

dx) =2 ic_iP_ix)

where d)_i(x) are spacetime basis functions associated with the projection of mode i into spacetime

coordinates.
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In this view:
- the amplitudes {A_i} determine the intensity structure of CI)(X),
- the phases {(I)_i} determine the interference/coherence structure,
- and spacetime locality is a property of the projection kernel (I)_i(x), not a primitive fact.

Hence, d)(x) is not ontologically fundamental; it is the spacetime shadow of the entropic mode

distribution.
5.1.4 Why (I)(x) Appears Operator-Valued in QFT

In QFT, (I)(x) is operator-valued because it acts on quantum states in Hilbert space. CUWF reinterprets

this as follows:
- The underlying mode state |L|J) already lives in mode space M.

- The projection [M_x induces an effective operator action when interpreted from the spacetime

perspective.
In other words:

Operator nature arises from using spacetime-local coordinates to describe mode-space state

transformations.

Thus, CUWF treats operator-valued CI)(x) as an emergent representation of deeper entropic mode

operators.

5.1.5 Summary (Section 5.1)

- In QFT, CI)(x) is treated as a fundamental field operator on spacetime.
- In CUWF, d)(x) is not fundamental; it is a projection output:

b =N_xF)=N_x(W))
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- Spacetime field values arise from projected mode amplitudes and phases:
) =2 ic_i P_ix), with c_i = A_i e™{id_i}

- The operator nature of (I)(x) is an emergent consequence of describing mode-space dynamics

through spacetime projection.

5.2 Creation and Annihilation Operators at, a

In standard Quantum Field Theory, the creation and annihilation operators, usually denoted by at and
a, are among the most powerful tools in the operator formalism. They allow one to describe particle-
number changes, excitation states of a field, and the transition between vacuum and particle states. In

the conventional language, at “creates” a particle excitation, while a “annihilates” a particle excitation.

However, from the CUWF perspective, these terms must be interpreted carefully. CUWF does not
regard particles as fundamental objects that literally appear from nothing or disappear into nothing. A
particle is a collapse-stabilized resonance identity within an entropic wave field. Therefore, creation
and annihilation cannot mean ontological production or destruction of a basic substance. They mean

transitions in resonance structure.

In CUWF, the operators at and a are effective operators describing changes in the occupation state of

a resonance mode family.

at corresponds to resonance formation.
a corresponds to resonance dissolution.

Thus, the standard QFT statement
at(0) = 1)
is reinterpreted in CUWF as:

at [V_E) = |Q_R)

where:

]
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|V_E> denotes the CUWF vacuum state, understood as the baseline entropic mode sea;

|Q_R) denotes a collapse-stabilized resonance state;

at denotes the effective transition operator that maps a non-resonant baseline mode configuration into
a resonance-occupied configuration.

Similarly, the standard QFT statement
al1) =10)
is reinterpreted in CUWF as:
a|Q_R) = [V_E)
where the resonance identity dissolves back into the broader entropic mode sea.

This interpretation preserves the computational usefulness of creation and annihilation operators while

removing the misleading image that particles are “objects” produced from empty space.
5.2.1 Standard QFT Meaning of at and a

In ordinary QFT, a field can be decomposed into modes, and each mode behaves mathematically like
a quantum harmonic oscillator. The creation operator at increases the occupation number of a given

mode, while the annihilation operator a decreases it.
For a mode labeled by k, the standard relations are:
a_kt In_k) = Vink+1) |k + 1)

a_k|n k)= Vo kink — 1)

where |n_k) is a state containing n excitations of mode k, a_kt increases the excitation count by one,

and a_k decreases the excitation count by one.

Operationally, this works extremely well. But ontologically, it raises a difficult question: what exactly is

being created or annihilated?

If the particle is not a classical object, and if the vacuum is not empty, then “creation” and

“annihilation” should not be interpreted as the literal appearance or disappearance of a thing. They
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should be understood as transitions between different structural states of the field. CUWF accepts this

structural reading and makes it explicit.
5.2.2 CUWF Meaning: Switching Resonance Occupation Number

In CUWEF, the field is an entropic wave mode ensemble F anda particle is a stable collapse
resonance Q C F . Therefore, occupation number does not count small objects inserted into a field. It
counts how many stable resonance identities of a given type are currently supported by the entropic

mode structure.

Let (Q_R denote a resonance family corresponding to a particular particle-like identity. We may define

an effective resonance occupation number:

N_R = number of collapse-stabilized resonance identities of type R
a_RT:N.R—>N_R+1
aR:NR—NR—1

But the meaning is not object creation. The meaning is resonance-state switching.

In CUWF terms, a_R7t increases the resonance occupation number by stabilizing one additional
resonance configuration of type R, while a_R decreases the resonance occupation number by

dissolving one resonance configuration of type R back into the baseline mode sea.

Thus, at and a are effective operators acting on resonance occupation states, not fundamental

metaphysical tools that bring particles into or out of existence.
5.2.3 Creation as Resonance Formation

The CUWEF interpretation of creation begins from the vacuum. But the CUWF vacuum is not empty. Itis
the baseline entropic mode sea: a non-zero population of admissible modes that has not yet formed a

collapse-stabilized particle resonance.

Let the vacuum-like baseline mode state be written as:

'V _E)

]
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This state contains entropic modes, fluctuations, and coherence potential, but no stable resonance

identity of the relevant type.

A creation event occurs when a subset of modes Q C F satisfies the resonance conditions

developed in Section 4:

RQ) =R*
did\ (Ad_ij) = 0
QCBE
where R(Q)) is the coherence ratio, R_* is the minimum resonance threshold, ACI)_ij is the phase
difference between modes i and j, and B _Eisthe entropic compatibility basin that provides

confinement.

When these conditions are satisfied, the mode subset becomes collapse-stabilized. The state has

moved from non-resonant baseline configuration to resonance-occupied configuration.
Therefore, in CUWF:
creation = formation of a stable phase-locked resonance from the baseline mode sea
a Rt [V_E)=[V_E; Q_R)
Before a_Rt acts, the field contains resonance-capable modes but no stable particle identity of type R.
After a_Rt acts, one stable resonance identity ()_R exists within the mode sea.

The important point is that nothing is created from nothing. The operator marks the transition from

distributed coherence potential to stabilized resonance identity.
5.2.4 Annihilation as Resonance Dissolution
Annihilation is the reverse transition.

In standard QFT, annihilation is often described as the removal of a particle from a state. CUWF

interprets this as the destabilization and dissolution of a resonance identity.
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Aresonance (Q_R persists only as long as its phase-locking, bounded leakage, and drift conditions

remain satisfied:
| d/d (Ad_ij) | < €_lock
Jout < Ut
SNOIGYNES O

If these conditions fail, the resonance can no longer maintain its identity. The particle does not “vanish”
as a tiny object disappearing into nothing. Instead, the phase-locked mode structure unlocks, and the

coherence pattern returns to the broader entropic mode population.
a RV EQR)=|V_E)

Before a_R acts, the field contains one stable resonance identity ()_R. After a_R acts, that identity has

dissolved, and its coherence content has been redistributed into the baseline entropic mode sea.
Thus, in CUWF:

annihilation = dissolution of a collapse-stabilized resonance back into the non-resonant mode

population

This interpretation is especially important for avoiding the misleading phrase “particle destruction.” In
CUWEF, the resonance identity ends, but the underlying wave-mode content is not destroyed. It is

reorganized.
5.2.5 Creation and Annihilation as Effective Projection Operators

The operators at and a appear fundamental in QFT because QFT works in the projected spacetime
representation. In that representation, one sees particle-number states and transitions among them.

But in CUWF, these operators arise from deeper transformations in mode space.

Let [1_QFT denote the projection from CUWF entropic mode dynamics to the effective QFT
representation. Then the QFT creation operator can be interpreted as the projected image of a deeper
resonance-formation operator:

a Rt = [1_QFT(S_R"+)
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where &_R"+ is the CUWF resonance-stabilization operator for resonance type R. Similarly:
a R~ [_QFT(S_R"—)
where §_R”*— is the CUWF resonance-dissolution operator.

Here, S_RA+ maps a resonance-capable mode subset into a collapse-stabilized resonance identity,
while §_R"~— maps a collapse-stabilized resonance identity back into the non-resonant entropic

mode sea.

Thus, the creation and annihilation operators of QFT are effective projected forms of deeper CUWF

structural transitions.
5.2.6 Occupation Number as Resonance Count, Not Object Count
The number operator in QFT is usually defined as:
N_R=a_Rta_R
and it counts the number of particles in a given mode or species.
CUWEF reinterprets this as a resonance-counting operator:
N_R = number of stable resonance identities of type R supported by F
Thus, when QFT says:
N_R|n_R) =n_R|n_R)

CUWEF reads this as: the entropic wave field currently supports n_R collapse-stabilized resonance

identities of type R.

This is a subtle but important shift. In the standard picture, occupation number can easily be imagined
as counting discrete objects. In CUWF, occupation number counts stabilized coherence structures.
The discreteness comes not from tiny billiard-ball objects, but from the threshold nature of resonance

stabilization.

A resonance either satisfies the stability conditions strongly enough to count as an identity, or it does

not. This threshold behavior gives rise to quantized occupation.
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5.2.7 Why Creation and Annihilation Appear Discrete

One may ask: if the underlying field is a continuous entropic mode structure, why do creation and

annihilation events appear discrete?
CUWEF answers this through collapse-stabilization thresholds.

A resonance identity forms only when the mode subset crosses the necessary coherence, phase-
locking, and confinement conditions. Below threshold, the field contains fluctuations and partial

coherence, but no stable particle identity. Above threshold, a discrete resonance identity appears.
This produces an effective discontinuity:

non-resonant mode configuration — resonance identity

resonance identity — non-resonant mode configuration

In QFT, this appears as particle creation and annihilation. In CUWF, it is the threshold transition

between unstable mode population and stable collapse resonance.
Therefore, discreteness is not imposed artificially. It emerges from resonance stability criteria.
5.2.8 Interpretation of Multi-Particle States

A multi-particle state in QFT is written as a state with multiple occupation numbers:
In_1,n.2,n.3, ...)

In CUWEF, this corresponds to a field configuration supporting multiple stable resonance identities

across different resonance families:
F)=VEn1Q1,n202n303,.)

where each ()_i denotes a resonance family.

This means the field is not filled with independent objects. Rather, it contains multiple stabilized

resonance structures embedded within the same baseline entropic mode sea.

Interactions between particles are then not collisions between separate substances. They are changes

in coupling relations among resonance structures within the same underlying field.

]
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This prepares the transition to Section 7, where interaction vertices will be reinterpreted as resonance

transition nodes.

5.2.9 CUWF Reading of Particle Creation from Vacuum

In QFT, particle creation from vacuum can sound paradoxical: how can something arise from nothing?
CUWEF removes this paradox by rejecting the premise that vacuum is nothing.

The CUWF vacuum is a baseline entropic mode population. It contains admissible modes, fluctuations,

coupling potential, and latent resonance capacity. Therefore, particle creation from vacuum means:
a stable resonance has formed from the baseline entropic mode sea

not:

an object has appeared from empty space

This interpretation gives a physically meaningful foundation to vacuum fluctuation language. The
vacuum is not empty because the entropic mode sea is never zero. What changes is whether the

baseline modes remain non-resonant or become locked into a stable particle-like identity.
5.2.10 Summary

In standard QFT, at and a are creation and annihilation operators that increase or decrease particle

occupation number.

In CUWF, these operators are not fundamental ontological mechanisms. They are effective projected

descriptions of resonance transitions in entropic mode space.
The CUWEF reinterpretation is:
at = effective operator for resonance formation
a = effective operator for resonance dissolution
N_R =a_Rt a_R = resonance occupation number

Creation does not mean that a particle-object appears from nothing. It means that a subset of entropic

wave modes has become collapse-stabilized into a persistent resonance identity.
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Annihilation does not mean that a particle-object is destroyed into nothing. It means that a stable

resonance identity has dissolved back into the baseline entropic mode sea.

Thus, CUWF preserves the mathematical utility of QFT creation and annihilation operators while giving

them a deeper physical interpretation:

Particles are not created or destroyed as primitive things. Resonance identities form and dissolve

within the entropic wave field.

5.3 Commutation Relations

After reinterpreting the field operator CI)(x) as a projection of the underlying entropic mode state, and
creation/annihilation operators at and a as effective descriptions of resonance formation and
resonance dissolution, we now examine one of the most foundational algebraic structures in Quantum

Field Theory: commutation relations.

In standard QFT, commutation and anticommutation relations are usually introduced as axioms of
quantization. For bosonic fields, operators satisfy commutation relations. For fermionic fields, operators
satisfy anticommutation relations. These algebraic rules are indispensable for practical calculation,
because they determine particle statistics, field ordering, propagator structure, and the distinction

between bosonic and fermionic occupation behavior.

CUWEF does not reject these relations. Instead, it proposes that they are not fundamental axioms at the
deepest ontological level. They are emergent algebraic regularities arising from the structure of

entropic mode dynamics.
The central claim of this section is therefore:

Commutation relations are projected algebraic consequences of resonance compatibility in entropic

mode space.
More specifically, CUWF interprets commutation relations as emerging from three deeper conditions:
Mode indistinguishability
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Phase coherence rules

Entropic compatibility constraints

Together, these conditions determine when resonance operations may be exchanged without
changing the physical state, and when such exchange is forbidden or sign-changing because it

violates the admissible phase-locking structure of the field.
5.3.1 Standard QFT Commutation Relations

In canonical QFT, a bosonic creation-annihilation pair for modes k and k' satisfies:
[a_k, a_k't]=&_kk'
[ak ak']=0
[a_kt,a_k't]=0
where the commutator is defined as:
[A, B]=AB — BA
For fermionic operators, the corresponding structure uses anticommutators:
{o_k, b_k't} =& k&'
{o_k b k}=0
{b_kt, b k't}=0
where:
{A, B} = AB + BA

In standard formalism, these relations are imposed as part of the quantization procedure. They are
necessary for recovering correct statistics: bosons can occupy the same state collectively, while

fermions obey exclusion.
Yet from an ontological perspective, the question remains unresolved:

Why should nature obey these algebraic exchange rules?

]
© 2025 CHAYUT TECHASAMRAN 69



v

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

CUWEF answers by shifting the explanation from operator axiom to resonance structure. The algebra
arises because resonance operations are constrained by the indistinguishability, phase coherence,
and entropic compatibility of the underlying modes.

5.3.2 CUWF Reinterpretation: Operators as Resonance-Transition Actions

In Section 5.2, the QFT operators at and a were reinterpreted as effective projected versions of

deeper resonance-transition operators. We write these deeper CUWF operators schematically as:
a_ Rt = MN_aFT(S_RY)
a R~ T_QFT(S_R")

where:

5_R+ is the resonance-formation operator for resonance family R.

S_R™ is the resonance-dissolution operator for resonance family R.

[M_QFTis the projection from CUWF mode-space dynamics to the effective QFT operator
representation.

Therefore, a commutator such as [a_R, a_Rt] should not be interpreted as a primitive algebraic

mystery. It should be interpreted as the projected difference between two possible sequences of

resonance operations:
a_Ra_Rt versus a_Rta_R

In CUWF language, this asks:

Does forming then dissolving a resonance produce the same physical mode configuration as
dissolving then forming it?
If the answer is yes, the operations commute. If the answer is no, the commutator records the residual

structural difference. In the QFT limit, this residual difference is expressed by the familiar delta relation.
[a R aR't1=6RR

CUWEF interprets 6_RR’ not merely as a formal mode label identity, but as the projected statement that
only the same resonance family has a non-trivial formation—dissolution algebra. Distinct resonance
families do not generate the same structural residue unless their entropic compatibility basins overlap.

© 2025 CHAYUT TECHASAMRAN 70



v

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

5.3.3 Mode Indistinguishability as the First Source of Operator Algebra
The first source of commutation structure is mode indistinguishability. In QFT, identical particles are not
individually labeled. Exchanging two bosons in the same state does not create a new physical state.

Exchanging two fermions changes the sign of the wavefunction, producing antisymmetric behavior.
CUWEF reinterprets this at the resonance level.

A particle is not an object with an individual hidden tag. It is a collapse-stabilized resonance identity of
a given type R. Two resonances of the same type are not distinguished by object individuality; they are

distinguished only by the resonance configuration supported by the field as a whole.

Let QQ_R"(1) and QQ_R"(2) denote two resonance instances of the same resonance family R. If their

exchange does not alter any admissible observable structure of the entropic field, then:
QR NP QR = QR D QRO

where @ denotes composition within the entropic mode field. This equivalence expresses resonance

indistinguishability.

For bosonic resonance families, multiple resonance occupations can be composed additively within

the same phase-compatible mode structure. This leads to commuting creation operators:
aRtaRt=aRtaRt
[a_Rt,a_R't]1=0

The CUWF meaning is straightforward: forming resonance R and then resonance R' yields the same
admissible final mode population as forming R'and then R, provided the two resonance families are

mutually compatible and their formation does not impose conflicting phase-locking requirements.

5.3.4 Phase Coherence Rules as the Second Source of Commutation Structure

The second source of commutation behavior is the phase coherence rule. CUWF fields are not mere
collections of amplitudes. Each mode carries phase information, and particle identity depends on
stable phase-locking among mode subsets. Therefore, exchange operations are physically meaningful

only insofar as they preserve or alter phase coherence.
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Let a resonance (_R be characterized by collective phase configuration (D_R. A resonance operation
is admissible if it maps one allowed phase-locking structure to another allowed phase-locking

structure:

SRE-OV->O0OVPODOR
SR-OVPOR—>OVY

where CD_V denotes the baseline phase configuration of the entropic mode sea.

For resonance operations to commute, their phase effects must be mutually compatible:
ORPOR=-0ORPOR

If this condition holds, the order of resonance formation does not alter the final phase configuration.

This is the CUWF basis of bosonic commutation.

If this condition fails, the order of resonance formation matters. The non-commuting behavior is not
arbitrary; it reflects the fact that phase-locking constraints are ordered, constrained, or sign-changing

under exchange.

In the fermionic case, the relevant phase structure is antisymmetric. Exchange of two identical

resonance structures introduces a sign inversion:
ORMND DR =—DR QD DR ()

Projected into QFT notation, this becomes the anticommutation structure:
{o_Rt,b_R'f}=0

Thus, CUWF interprets fermionic anticommutation as a consequence of phase-locking incompatibility

under identical resonance exchange, not as a merely formal algebraic postulate.

5.3.5 Entropic Compatibility Constraints as the Third Source of Commutation Structure
The third and deepest source of commutation relations is entropic compatibility. CUWF fields are
constrained mode populations. Not every formal superposition is physically admissible. A resonance

can form only if its supporting mode subset satisfies entropic compatibility conditions.

For a mode subset (), the basic admissibility condition is:

]
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CEm.i) <0 forallm_i € Q

For a resonance Q_R, stability further requires coherence, phase-locking, bounded leakage, and

confinement. We can summarize the admissible resonance condition as:
QREAE

where A _E denotes the set of entropically admissible resonance configurations.

Now consider two resonance operations 5_R+ and 5_R'+. The question of commutation becomes a

question of whether the composed configurations remain in A _E independently of order:
SR'SR'VEEAE
SR'SR*WEEAE

If both ordered compositions are admissible and yield the same final resonance configuration, the

projected operators commute. If one ordering violates compatibility, or if the two orderings yield phase-

distinct configurations, the projected algebra becomes non-commutative or anticommutative.
Therefore, in CUWF, operator algebra is the projected bookkeeping of entropic admissibility.

5.3.6 Bosonic Commutation as Additive Resonance Compatibility

For bosonic fields, multiple excitations of the same mode are allowed. In CUWF, this corresponds to
additive resonance compatibility. A bosonic resonance family supports multiple phase-compatible
occupations because adding another resonance of the same type does not destroy the existing phase-

locking structure.

Let )_B be a bosonic resonance family. Its occupation number N_B may increase without violating

entropic compatibility:
N_B—>N_B + 1
provided that the combined resonance configuration remains within the compatibility basin:
Qs 1POBB. . POABNEAE
This additive compatibility produces the standard bosonic algebra after projection:

[a_B,a_Bt]=1
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[a_Bt,a_Bt]=0

The first relation expresses the structural difference between forming and dissolving one resonance
occupation. The second expresses the fact that two formation operations of the same compatible

bosonic family do not depend on order.

CUWEF therefore reads bosonic statistics as the result of resonance stacking within a shared phase-

compatible basin.

5.3.7 Fermionic Anticommutation as Entropic Phase-Lock Exclusion

Fermionic anticommutation is more restrictive. In standard QFT, fermionic operators satisfy:
{o_Ft,b_Ft} =0
which implies that two identical fermions cannot occupy the same quantum state.

CUWEF interprets this as entropic phase-lock exclusion. A fermionic resonance family possesses a
phase topology such that two identical resonance occupations in the same compatibility basin would
impose contradictory phase-locking requirements. The second identical occupation is not merely

unlikely; it is structurally inadmissible.
Formally, if Q)_F is a fermionic resonance family, then:
QFPQFrgAE
Therefore:
(b_Ft)2[V_E)=0

This is the CUWF foundation of Pauli-like exclusion. The exclusion principle is not treated as mystical or
arbitrary. It expresses the fact that identical fermionic resonance structures cannot be phase-locked
into the same admissible entropic basin without violating their own topological and coherence

constraints.

This interpretation also prepares the transition to Section 5.4, where fermions and bosons will be

distinguished explicitly as different classes of resonance occupancy rules.
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5.3.8 Microcausality and Projected Locality
Commutation relations in QFT are also connected to locality. For relativistic fields, microcausality
requires that field operators commute or anticommute at spacelike separation. For a scalar bosonic

field, one writes:
[(I)(x), d)(y)] =0 for spacelike-separated x and y

In standard interpretation, this protects causal structure: operations at spacelike-separated points

cannot influence one another in a way that violates relativity.

CUWEF reinterprets this through projection. The spacetime points x and y are not fundamental locations
of primitive fields. They are projected coordinates derived from the underlying entropic mode structure.
Therefore, microcausality is not a primitive spacetime axiom. It is an effective projected expression of

entropic decoupling.

If two projected regions x and y correspond to mode subsets Q_xand Q_y whose entropic coupling

is negligible or compatibility-independent, then operations on them commute:
KEQxQy =0 = b, Py =0

Thus, spacelike commutation emerges because the projected regions correspond to mode subsets

that do not share a resonance-changing entropic coupling channel in the quasi-linear regime.

This preserves the empirical success of relativistic QFT while relocating the source of locality from

spacetime-first structure to entropic compatibility structure.

5.3.9 Why Commutation Relations Become Exact in the QFT Limit
In real physical systems, the underlying CUWF mode structure may be complex, nonlinear, and

entropically curved. However, QFT becomes highly accurate in the quasi-linear regime, where:

entropic curvature is weak,

the vacuum baseline is stable,
collapse turbulence is small,

mode families are cleanly separable,

and resonance transitions can be approximated as linear operator actions.
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Under these conditions, the deeper CUWF resonance algebra projects into stable canonical relations:
[a_k a_k't] = &_kk'
{o_k, b_k't} = &_kk'

The apparent exactness of the algebra in QFT is therefore a sign that the projection regime is clean
and stable. It does not prove that the algebra is fundamental at the deepest level. Rather, it indicates
that the entropic mode structure is operating in a regime where resonance compatibility rules reduce

to canonical operator relations.

This is analogous to how thermodynamic laws can appear exact at macroscopic scale while emerging

from deeper statistical dynamics.

5.3.10 Summary

In standard QFT, commutation and anticommutation relations are imposed as foundational algebraic

rules of quantization. They determine particle statistics, operator ordering, and microcausality.

CUWEF accepts their operational validity but reinterprets their ontological origin. Commutation relations
are not fundamental axioms of reality. They are projected algebraic consequences of resonance

dynamics in entropic mode space.
The emergence of commutation structure depends on three deeper CUWF mechanisms:

Mode indistinguishability: identical resonance identities are not individually tagged objects.

Phase coherence rules: resonance operations commute only when their phase-locking structures are
mutually compatible.

Entropic compatibility constraints: only admissible resonance compositions survive as physical
configurations.

Bosonic commutation arises when resonance occupations are additively compatible within the same

phase-coherent basin. Fermionic anticommutation arises when identical resonance occupations violate

entropic phase-lock compatibility.

Thus, CUWF preserves the mathematical structure of QFT while providing a deeper interpretation:
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Operator algebra is the spacetime-projected shadow of resonance compatibility in entropic mode

space.
Conceptual Mapping: Standard QFT vs CUWF
Standard QFT Concept Standard Role CUWEF Interpretation
Commutator [A, B] Measures non-exchangeability | Projected difference between
of operator order resonance-transition
sequences
Bosonic commutation Allows multiple occupation of Additive resonance
same mode compatibility within a shared
phase basin
Fermionic anticommutation Enforces exclusion Entropic phase-lock
incompatibility for identical
resonance structures
Delta relation 6_kk' Mode identity condition Only the same resonance
family produces non-trivial
structural residue
Microcausality Operators commute at Projected entropic decoupling
spacelike separation of mode subsets
Canonical algebra Quantization axiom Effective algebra in quasi-linear
projection regime

5.4 Fermions vs Bosons in the CUWF Framework

Sections 5.1-5.3 reinterpreted the standard QFT operator language in CUWF terms. The field operator
d)(x) was treated as a spacetime projection of an underlying entropic mode state. The creation and
annihilation operators at and a were interpreted as effective descriptions of resonance formation and

resonance dissolution. Commutation relations were then reinterpreted not as fundamental axioms, but
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as projected algebraic consequences of mode indistinguishability, phase coherence rules, and entropic

compatibility constraints.

We can now make the distinction between bosons and fermions explicit within the CUWF framework. In
standard QFT, bosons and fermions are distinguished by their statistics: bosonic operators commute
and allow multiple occupation of the same quantum state, while fermionic operators anticommute and
obey exclusion. CUWF does not discard this distinction. Instead, it asks what deeper structural

mechanism gives rise to it.

The CUWF answer is that bosons and fermions represent two different classes of resonance occupancy
rules in entropic mode space. A boson is a resonance family whose occupation is additively compatible.
A fermion is a resonance family whose identical occupation is excluded by entropic phase-lock

incompatibility.
In compact form:
boson = additive resonance occupancy
fermion = exclusion from entropic incompatibility

This means that the Pauli exclusion principle is not treated as a mysterious rule imposed from outside.
In CUWF, exclusion is a phase-lock rule: two identical fermionic resonances cannot occupy the same
admissible entropic basin because their resonance topology requires mutually incompatible phase-

locking conditions.
5.4.1 Standard QFT Distinction: Integer-Spin Bosons and Half-Integer-Spin Fermions

In standard relativistic quantum theory, particles are divided into bosons and fermions. Bosons have
integer spin and obey Bose-Einstein statistics. Fermions have half-integer spin and obey Fermi-Dirac
statistics. Operationally, this distinction is encoded in the algebra of their creation and annihilation

operators.
For a bosonic mode k, the canonical relation is:
[ak akt]=06 Kkk'

For a fermionic mode k, the corresponding relation is:
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bk bkt =6 kk'

The most visible physical consequence is occupation behavior. Bosons can occupy the same quantum
state collectively. Fermions cannot. For a fermionic creation operator, the exclusion behavior is

expressed as:
(b_kt)?0) = 0

This formal statement says that attempting to create two identical fermions in the same state yields no
admissible physical state. Standard QFT implements this algebra successfully, but CUWF seeks a

deeper explanation for why the algebra should take this form.
5.4.2 CUWF Reframing: Statistics as Resonance Occupancy Rules

In CUWF, a particle is not a point-object and not a primitive excitation added to a field. A particle is a
collapse-stabilized resonance identity formed within an entropic wave field. Therefore, the boson—

fermion distinction must be stated in resonance language.

Let (Q_R denote a resonance family of type R. Let N_R denote the number of stable resonance identities
of that type supported by the field. The question becomes: under what conditions can the field support

more than one identical resonance of the same family within the same admissible basin?
CUWEF defines two broad classes of occupancy behavior:

Bosonic resonance family: additional identical resonance occupation remains entropically compatible.

Fermionic resonance family: additional identical resonance occupation violates entropic phase-lock
compatibility.

Thus, bosonic and fermionic behavior are not merely abstract statistics. They are different structural

responses of entropic mode space to attempted resonance occupation.
OBPOBEAE
QFPOQre&AE
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where ()_B denotes a bosonic resonance family, ()_F denotes a fermionic resonance family, 69
denotes resonance composition within the field, and A_E denotes the set of entropically admissible

resonance configurations.
5.4.3 Bosons as Additive Resonance Occupancy

A boson in CUWF is a resonance family whose occupation can be stacked additively without destroying
phase coherence. Multiple identical bosonic resonances may coexist because their phase-locking

structures reinforce, superpose, or remain mutually compatible within the same entropic basin.

Let (Q_B be a bosonic resonance family. The defining condition is additive compatibility:
QY PABYP. . Pas™MeAE

for admissible occupation number n, within the validity of the relevant field regime. In the ideal QFT limit,

this becomes the familiar unlimited bosonic occupation of a mode.

The CUWEF interpretation is that each additional bosonic occupation does not require a contradictory
phase-locking pattern. Instead, the resonance structure can be enlarged, amplified, or coherently
populated. This explains why bosons naturally support collective phenomena such as coherent fields,

lasers, Bose—Einstein condensation, and macroscopic occupation of a shared mode.
In operator language, additive compatibility appears as commuting creation operations:
a_Bta_ Bt =a_Bta_Bt
[a_Bt,a_Bt]=0

The equation is algebraically trivial in standard notation, but ontologically important in CUWF: forming
one bosonic resonance does not prevent forming another identical bosonic resonance in the same

phase-compatible structure.
5.4.4 Why Bosons Can Share the Same State

The reason bosons can share the same state is not that they are tiny objects willing to sit together. In

CUWEF, there are no tiny independent objects at the fundamental level. There are resonance identities
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supported by the entropic wave field. Bosonic resonances share the same state because their

coherence structures are mutually reinforcing rather than mutually exclusive.

If a bosonic resonance has collective phase configuration (D_B, then adding another identical

occupation does not invert or contradict the original phase-locking pattern. Schematically:
(D_B @ (D_B = compatible phase reinforcement

This is why bosonic fields can produce large coherent occupations. A photon field, for example, can
contain many photons in the same mode because the resonance packets are phase-compatible. In

CUWEF language, the mode sea supports repeated coherence occupation without entropic contradiction.

Thus, bosonic behavior arises when resonance occupation is additive, phase-compatible, and

entropically admissible.
5.4.5 Fermions as Exclusion from Entropic Incompatibility

A fermion in CUWF is a resonance family whose identical occupation is excluded by entropic
incompatibility. This does not mean that fermions are protected by an unexplained metaphysical rule. It
means that the phase-locking topology of a fermionic resonance cannot be duplicated in the same

entropic basin without contradiction.
Let QQ_F be a fermionic resonance family. The defining CUWF condition is:
QFPQreAE

This says that two identical fermionic resonances in the same state do not form an admissible
configuration. The second identical resonance cannot stabilize because its required phase-locking

pattern conflicts with the phase-locking structure already occupying that basin.
Projected into QFT notation, this becomes:
(b_F1)2(V_E)=0

where |V_E) is the baseline entropic vacuum state. This is the CUWF meaning of Pauli exclusion: not a

mystical prohibition, but a resonance incompatibility rule.
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5.4.6 Pauli Exclusion as a Phase-Lock Rule

The Pauli exclusion principle states that no two identical fermions can occupy the same quantum state.
CUWEF preserves this empirical rule but changes its interpretation. Exclusion is not an arbitrary axiom
attached to half-integer spin. It is the projected result of phase-lock incompatibility in entropic mode

space.

A fermionic resonance has a non-trivial phase topology. In earlier CUWF terms, spin and charge were
interpreted as invariants of resonance geometry. Fermionic spin structure requires an orientation-
sensitive phase configuration, including the familiar 4TU return behavior associated with spin-1/2
systems. Attempting to place two identical fermionic resonance structures in the same basin would

require two identical phase-locking topologies to occupy the same incompatible coherence channel.
This produces a contradiction at the level of admissible resonance geometry:
DF @ @_F = inadmissible phase-lock configuration
CEQFPQrF-=o0

where C_E is the entropic compatibility constraint. If C_E exceeds the admissibility boundary, the

combined configuration cannot persist as a physical resonance state.
Therefore, CUWF reads Pauli exclusion as follows:

Two identical fermionic resonances cannot occupy the same state because their required phase-locking

structures are entropically incompatible within the same resonance basin.
5.4.7 Antisymmetry as Projected Phase Topology

In standard quantum mechanics, fermionic wavefunctions are antisymmetric under exchange. If two
identical fermions are exchanged, the wavefunction changes sign. CUWF interprets this sign change as

the spacetime-projected signature of deeper phase topology.

Let Q_Fm and Q_F(Z) denote two identical fermionic resonance instances. Exchange produces:

QFPDarP-—Qr?@a Y
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The minus sign is not a superficial mathematical convention. It expresses a reversal in the resonance
phase orientation under exchange. When two identical fermionic resonance identities are forced into the

same state, the antisymmetric structure cancels the admissible occupation:
Q. F D Q_F =0 in projected occupation space

This is why the operator expression (b_F1)? = 0 appears. The forbidden state is not missing because
nature refuses to count it; it is missing because the required resonance configuration self-cancels or

becomes entropically inadmissible under identical occupation.
5.4.8 Boson—Fermion Contrast in CUWF Terms

The distinction can be summarized as follows:

Feature Boson in CUWF Fermion in CUWF
Core occupancy rule Additive resonance occupancy | Exclusion from entropic
incompatibility

Phase behavior Phase-compatible Phase-lock conflict under
reinforcement identical occupation

Multiple occupation Allowed within compatible Forbidden in same state
basin

QFT algebra Commutation Anticommutation

Projected expression [a, aT] structure {b, bt} structure

Physical meaning Coherent stacking of resonance | Topological/phase-lock
identities exclusion

Example tendency Collective fields, coherent Matter stability, shell structure,
occupation exclusion behavior

In this table, the key difference is not that one class is object-like and the other is not. Both bosons and
fermions are resonance identities in CUWF. The difference lies in how their resonance structures

compose within the entropic mode field.

]
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5.4.9 Matter Stability from Fermionic Resonance Exclusion

One of the most important consequences of fermionic exclusion is the stability of matter. In conventional
physics, the Pauli exclusion principle prevents electrons from all falling into the same lowest-energy

state, thereby enabling atomic shell structure, chemistry, and the rigidity of matter.

CUWEF preserves this result but interprets its foundation differently. Matter is stable because fermionic
resonance identities cannot collapse into a single identical entropic basin. Their phase-lock structures
enforce distinct admissible configurations. The result is a layered resonance architecture rather than

unlimited occupation of one mode.

In CUWF terms, atomic structure is not merely a collection of point electrons orbiting a nucleus. It is an
organized set of resonance identities constrained by entropic compatibility and phase-lock exclusion.

The exclusion principle becomes a structural rule of resonance architecture.
{Q_Fm, Q_Fcz), Q_F(n)} EAE only if their phase-lock states are mutually compatible

This explains why fermionic systems form structured layers rather than unlimited coherent piles.

Fermions are not merely counted differently; they stabilize matter by forcing resonance differentiation.
5.4.10 Bosonic Coherence and Collective Fields

Bosonic resonance families behave differently. Because their occupation is additive, they can build
collective coherent states. Many bosonic resonances may occupy the same mode-like structure without

entropic contradiction. This is why bosonic fields naturally support macroscopic coherence.

In CUWF language, a coherent bosonic state is a high-occupation resonance configuration in which

many compatible resonance contributions reinforce a shared phase structure:
WB)=VENBQB) NB>1

The important feature is not merely large particle number. It is shared phase coherence. Bosonic
occupation can become macroscopically visible because repeated resonance formation strengthens

rather than violates the underlying phase structure.

This offers a natural CUWF interpretation of why bosonic systems can behave classically in high-

occupation limits. The collective resonance becomes a stable projected field pattern.
|
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5.4.11 Relation to Spin—Statistics

Standard relativistic QFT connects spin and statistics through the spin—statistics theorem: integer-spin
particles are bosons, and half-integer-spin particles are fermions. CUWF does not attempt to replace
this theorem at the effective QFT level. Instead, it provides an ontological reading of why spin class and

occupancy rule are linked.

In CUWF, spin is a symmetry invariant of the resonance manifold. A bosonic resonance has a phase
topology compatible with additive occupation. A fermionic resonance has a phase topology that

becomes sign-changing under exchange and therefore excludes identical same-state occupation.

Thus, spin and statistics are linked because both arise from the same deeper object: the resonance

geometry of the collapse-stabilized mode structure.
spin class <= resonance symmetry topology <= occupancy compatibility

This does not undermine standard QFT. Rather, it explains why the QFT spin—statistics structure appears

natural once particles are understood as resonance geometries rather than point-objects.
5.4.12 Summary

In standard QFT, bosons and fermions are distinguished by their operator algebra and statistical
behavior. Bosons obey commutation relations and allow multiple occupation. Fermions obey

anticommutation relations and are subject to Pauli exclusion.

CUWEF preserves these operational facts but reinterprets their origin. Bosons and fermions are different

classes of collapse-stabilized resonance identities in entropic mode space.

A boson is a resonance family with additive resonance occupancy. Its phase-locking structure allows
multiple identical occupations to coexist in the same admissible basin. This produces bosonic

commutation and collective coherence.

A fermion is a resonance family whose identical occupation is excluded by entropic incompatibility. Its
phase-locking topology prevents two identical resonance structures from occupying the same state. This

produces fermionic anticommutation and Pauli-like exclusion.

© 2025 CHAYUT TECHASAMRAN 85



v

ﬁ%v@F Paper A-19: Quantum Field under CUWF www.cuwfcosmos.com

Therefore, in CUWF, the boson—fermion distinction is not a mysterious classification imposed on particles
from outside. It is a structural distinction in how resonance identities can or cannot compose within the

entropic wave field.

The final CUWF statement is:
bosons stack because their resonance phases are compatible
fermions exclude because their resonance phases are incompatible

This completes the Section 5 reinterpretation of the QFT operator framework. Field operators, creation-
annihilation operators, commutation relations, and particle statistics are all retained as effective tools,

but their physical meaning is relocated to deeper resonance dynamics in entropic mode space.
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