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Section 6 Vacuum under CUWF

6.1 Vacuum F Nothing

In standard language, the word “vacuum” often suggests emptiness: a region with no particles, no
matter, and no visible physical content. Classical intuition tends to imagine vacuum as an empty
container in which physical objects may later appear. Even in standard Quantum Field Theory, where
the vacuum is no longer truly empty, the term still carries conceptual ambiguity. The QFT vacuum is the
lowest-energy state of a field, yet it also contains zero-point fluctuations, virtual processes, vacuum

polarization effects, and non-trivial correlation structure.
CUWEF begins from a sharper ontological position:
Vacuum is not nothing.

In CUWF, the vacuum is the background entropic mode population of the field. It is the baseline

configuration of admissible wave modes before any collapse-stabilized particle resonance has formed.
Therefore, the vacuum is not a void. It is a non-zero entropic wave-mode sea.
In symbolic form, we may write:

V_E = baseline entropic mode population of F

where:

V_E denotes the CUWF vacuum state,

F denotes the entropic wave field,

V_E C F indicates that the vacuum is not outside the field but is the baseline non-resonant condition
of the field itself.

This immediately changes the meaning of vacuum. The vacuum is not the absence of reality. It is the

absence of stable particle resonance.
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6.1.1 The Classical Misleading Image of Empty Space

The classical image of vacuum is based on a container model of reality. Space is imagined as a pre-
existing stage, and particles are imagined as objects placed inside it. If all objects are removed, what

remains is called “empty space.”
CUWEF rejects this picture at the foundational level.

In CUWF, spacetime itself is not the primitive container. Spacetime is an emergent projection from
deeper entropic wave organization. Therefore, vacuum cannot be fundamentally defined as empty
spacetime. If spacetime is emergent, then an apparently empty region of spacetime may still

correspond to a non-empty mode-space structure beneath the projection.
Thus, the question:
“What exists in empty space?”
is replaced by the deeper CUWF question:
“What is the baseline entropic mode configuration whose projection appears as empty space?”
The answer is:

vacuum = baseline entropic mode population

This means that what appears as “empty” in spacetime is not empty at the CUWF level. Itis a

projected low-resonance state of the entropic wave field.

6.1.2 Vacuum as Baseline Mode Population

In earlier sections, the CUWF field was defined as an ensemble of admissible entropic wave modes:
F={mi €M |CEmi)<0}

where:

mj is an admissible entropic wave mode,
M is mode space,

C_E(mi) < 0 is the entropic compatibility condition.

© 2025 CHAYUT TECHASAMRAN 88



v

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

The vacuum is then not the empty set. It is the lowest or baseline admissible organization of these

modes:
V_E ={ mi0 eF | no collapse-stabilized resonance QRis present }

This definition is important. It says that the vacuum may contain admissible modes, phase fluctuations,
and entropic correlations, but it does not contain a stable resonance identity that would be interpreted

as a particle.
So the distinction is not:

vacuum = no field

but rather:

vacuum = field without stable particle resonance

In CUWF language:
particle absence does not imply mode absence.

The vacuum is therefore a populated non-resonant state.

6.1.3 Vacuum Is Not Particle Absence Alone

It is tempting to say that vacuum simply means “no particles.” CUWF agrees only partially. A vacuum

contains no stable particle resonance, but it is still physically structured.
A particle in CUWF is a collapse-stabilized resonance:
QRrRCF
where ()_R satisfies resonance coherence, phase-locking, and entropic confinement conditions.
The vacuum state is the condition in which no such {)_R has stabilized:

V_E : Q_R = @ for stable resonance identities

However, this does not mean:

F-0

© 2025 CHAYUT TECHASAMRAN 89



v

% Paper A-19: Quantum Field under CUWF www.cuwfcosmos.com
Rather:
VE+Q

because the entropic mode field still contains admissible baseline modes.

This distinction is central to CUWF. The vacuum is not the disappearance of the field. The vacuum is

the non-resonant baseline state of the field.

6.1.4 Why Vacuum Must Be Non-Zero in CUWF

The CUWF vacuum must be non-zero for three reasons.

First, fields are defined as entropic mode ensembles, not as particles. If particles are resonances
within fields, then removing particles cannot remove the field itself. It only removes stable
resonance identities.

Second, collapse-stabilized particles require a mode sea from which resonance can form. If vacuum
were truly nothing, particle formation from vacuum-like conditions would be impossible. There
would be no underlying mode structure capable of phase-locking into a resonance.

Third, spacetime projection itself requires an underlying wave structure. If spacetime is emergent, then
even an apparently empty spacetime region must correspond to some deeper mode-space
condition. That condition is the CUWF vacuum.

Therefore, in CUWF:

vacuum must be non-zero because it is the baseline condition from which spacetime projection and
resonance formation remain possible.
6.1.5 Vacuum as Latent Resonance Capacity

The CUWF vacuum is not merely a passive background. It has latent resonance capacity.

This means that the baseline mode population contains possible mode subsets that may become
resonance-stabilized if the correct coherence, phase-locking, and entropic confinement conditions are

satisfied.

Let fR(T) denote the resonance-capable subset of the field. In the vacuum state:

RV E)+0
]
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but:
()_R has not yet stabilized

This means that the vacuum may contain resonance-capable structure without currently expressing a
particle identity.
A useful distinction is:

resonance-capable mode population # actual resonance identity

The vacuum contains the former, but not necessarily the latter.

This resolves a common conceptual confusion. Vacuum fluctuations do not imply that ordinary
particles are constantly appearing as tiny objects from nothing. Rather, the baseline mode sea
contains fluctuating resonance potentials. Only when a subset crosses the collapse-stabilization

threshold does a particle-like identity become physically realized.

6.1.6 The CUWF Vacuum and QFT Vacuum |O)

In QFT, the vacuum state is usually written as:

0)

and is interpreted as the state with no particles. Yet this state is not completely featureless. It supports
correlation functions, vacuum fluctuations, zero-point structure, and non-trivial responses to fields and

boundaries.

CUWEF reinterprets the QFT vacuum as the projected representation of the baseline entropic mode sea:
0) = M_arT(V_E))

where:

|V_E> is the CUWF vacuum state in mode space,
[1_QFT is the projection into the effective QFT representation.
This means that the QFT vacuum is not wrong. It is incomplete if interpreted as primitive. It is an

effective operator-level representation of a deeper entropic mode population.
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In CUWF:

QFT vacuum |O) = projected non-resonant baseline state

not:

absolute nothingness

This allows CUWF to preserve the mathematical usefulness of |O) while giving it a clearer physical

interpretation.
6.1.7 Vacuum as the Ground State of Resonance Absence

The phrase “ground state” must also be interpreted carefully. In standard physics, the vacuum is often
called the lowest-energy state. CUWF reframes this as the lowest resonance-activity state rather than

the absolute absence of wave structure.

The CUWF vacuum is “ground-like” because no stable particle resonance has formed. But it is not zero

in mode content.
We may express this as:
N.RV_E)=0
for all stable resonance identities R, while:
p_mode(V_E) >0
where:

N_Ris the resonance occupation number,
P_mode is the baseline mode density.

This equation captures the CUWF vacuum in one line:

zero resonance occupation does not mean zero mode population.

The vacuum can have no particles while still possessing a real entropic wave-mode structure.

]
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6.1.8 Why This Matters for the Rest of Paper A-19
This reinterpretation of vacuum is not a minor semantic change. It is essential for the remaining
sections of Paper A-19.

If vacuum is a baseline entropic mode population, then:

zero-point energy becomes baseline fluctuation structure of the mode sea;

vacuum polarization becomes rearrangement of the mode sea around resonances;

particle production becomes resonance formation from the vacuum reservoir;

annihilation becomes resonance dissolution back into the reservair;

renormalization becomes an artifact of treating the projected field as a continuum without recognizing
entropic mode filtering.

Thus, the CUWF vacuum provides the missing physical substrate behind many standard QFT

phenomena.
The key statement is:
The vacuum is not empty space. It is the non-resonant baseline state of the entropic wave field.

6.1.9 Summary

In CUWF, vacuum does not mean nothing.

The vacuum is the background entropic mode population of the field: a non-zero baseline state

containing admissible modes, phase fluctuations, entropic correlations, and latent resonance capacity.
It contains no stable particle resonance, but it is not empty.
The CUWF vacuum may be summarized as:

V_E = baseline non-resonant mode population of F

or equivalently:

vacuum = field without stable particle resonance

This interpretation preserves the useful QFT idea of the vacuum state |O) but gives it a deeper
meaning:
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|O> is the projected representation of |v_E), not the symbol for absolute nothingness.

Therefore, the CUWF vacuum is a real physical mode background. It is the reservoir from which

resonance identities may form and into which resonance identities may dissolve.

6.2 Zero-Point Energy Reinterpretation

Section 6.1 established the central CUWF position that vacuum is not nothing. The vacuum is the
baseline entropic mode population of the field: a non-zero, non-resonant state containing admissible
wave modes, phase fluctuations, entropic correlations, and latent resonance capacity. We now
reinterpret one of the most difficult concepts associated with the vacuum in standard Quantum Field

Theory: zero-point energy.

In standard QFT, each field mode behaves mathematically like a quantum harmonic oscillator. Even in
its lowest state, such an oscillator retains a non-zero ground-state contribution. This is usually called

zero-point energy. The standard expression for a mode of frequency W is:
Eo=(12)hw

When summed over all possible field modes, this term leads to an enormous formal vacuum energy
density. This creates a deep conceptual problem: if zero-point energy is interpreted as literal energy of
empty space, then empty space appears to contain a vast amount of energy. Yet the observed large-
scale gravitational behavior of the universe does not match the naive magnitude suggested by

unrestricted QFT summation.

CUWEF does not treat zero-point energy as energy of empty space. Instead, it interprets zero-point
energy as the baseline fluctuation energy of the entropic mode sea. The difference is decisive. The
energy does not belong to 'nothing." It belongs to the non-zero baseline mode population that remains

when no collapse-stabilized particle resonance is present.

zero-point energy = baseline fluctuation energy of the entropic mode sea

]
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6.2.1 The Standard QFT Problem: Energy in the Ground State
In standard QFT, a free field can be decomposed into independent modes. Each mode resembles a
harmonic oscillator, and each oscillator has a non-zero ground-state energy. For a collection of modes

indexed by k, the formal vacuum energy is written schematically as:
Evac=2 k(1/2) b w_k
In the continuum limit, this becomes an f over all wave numbers:
p_vac ~ [ (12) A w_k ok

The difficulty is not merely mathematical. If the f is taken literally with no physical cutoff, high-
frequency modes contribute without bound. The result is a divergent or extremely large vacuum energy

density.

This is the origin of the familiar vacuum energy problem. The formalism says that the vacuum has non-
zero energy. But if this energy is interpreted as literal energy of empty spacetime, then one must

explain why its gravitational effect is not catastro(l)cally large.

CUWEF identifies the source of confusion: the standard calculation treats the projected field continuum
as if it were fundamental. It counts modes as if spacetime-local field modes exist down to arbitrary

scale without deeper entropic filtering. CUWF rejects that assumption.

6.2.2 CUWF Reinterpretation: Zero-Point Energy Is Not Energy of Empty Space
In CUWF, vacuum is not an empty container. It is the baseline state of the entropic wave field.
Therefore, zero-point energy cannot mean energy contained in nothing. It must be interpreted as

fluctuation activity of the baseline mode population.

Let |V_E> denote the CUWF vacuum state, understood as the baseline entropic mode sea. The zero-

point contribution is then not assigned to empty space, but to the non-resonant mode structure:
E_ZP~CUWF = E_fluc(V_E)
where E_ﬂuc(V_E) denotes the effective fluctuation content of the baseline entropic vacuum state.

The CUWF statement is therefore:
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E_ZP is not energy of empty space; E_ZP is fluctuation energy of V_E

This removes the misleading picture that energy mysteriously exists in absolute nothingness. There is
no absolute nothingness in the CUWF vacuum. There is a populated entropic mode sea. Zero-point

energy is the residual fluctuation signature of that sea.
6.2.3 Baseline Fluctuation Energy of the Mode Sea

The phrase 'baseline fluctuation energy' requires clarification. In CUWF, the vacuum contains
admissible modes that are not collapse-stabilized into particle identities. These modes may still
fluctuate in amplitude, phase, and coupling configuration. Their collective fluctuation activity

constitutes the CUWF reinterpretation of zero-point energy.
Let the entropic wave field be represented by a mode-state:

\W>=2 icim_i>
with mode coefficients:

c_i=A_iexp(i d_i)

In the vacuum state, there is no stable resonance identity Omega_R, but the baseline mode amplitudes

and phases remain non-zero:

V_E: Omega R=0, but {Ai"0, d_i"0} F0

The zero-point contribution may therefore be represented schematically as a functional of the baseline

mode fluctuations:
E_zP~CUWF = F_fluc({6 A_i, 6 _i}, g_E, w(E))

where O A_iand o d)_i denote baseline amplitude and phase fluctuations, g_E denotes the entropic

metric structure, and w(E) is the entropic spectral weighting function introduced in Section 3.1.

This equation expresses the key CUWF point: zero-point energy is not a universal infinite reservair. It is
a structured fluctuation functional of the entropic mode sea, shaped by entropic geometry and spectral
admissibility.

]
© 2025 CHAYUT TECHASAMRAN 96



v

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

6.2.4 Why the Infinite Sum Is an Approximation Artifact
The standard QFT divergence arises because the projected field is treated as a continuum with
arbitrarily many high-frequency modes. In CUWF, this is an approximation that becomes invalid

beyond the entropic accessibility scale.

Recall that CUWF mode space is Hilbert-like but entropically weighted. The inner product is modified

by a spectral weight function w(E):

<WD>_E = [ wEe) WHE) DE) dmu(B)

This means that mode contributions are not counted uniformly at every scale. Modes beyond the
entropic compatibility range are suppressed or excluded from physical accessibility. Therefore, the
CUWEF vacuum energy should not be written as a raw unrestricted sum over all formal modes. It should

be written with entropic weighting:
E_ZP"CUWF ~ f (1/2) h W(E) w(E) dmu(E)

The difference is not cosmetic. In standard QFT, the formal f assumes uniform availability of arbitrarily
high-frequency modes. In CUWF, w(E) encodes entropic accessibility. If w(E) decays or cuts off

beyond a curvature-defined scale, the vacuum fluctuation contribution becomes physically regulated.

Thus, CUWF interprets the infinite zero-point sum as an artifact of projecting a deeper entropic mode

structure into an idealized continuum field description.

6.2.5 Zero-Point Fluctuation Without Literal Particle Creation
Zero-point fluctuation is often described as virtual particles constantly appearing and disappearing.
This language is useful heuristically, but CUWF considers it ontologically misleading if interpreted

literally.

In CUWEF, baseline vacuum fluctuations are fluctuations of the mode sea, not the literal creation of tiny
particle objects from empty space. A particle appears only when a subset of modes satisfies collapse-

stabilization conditions and forms a stable resonance identity.

Therefore:
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vacuum fluctuation F particle creation

and:

particle creation = resonance formation after threshold crossing

This distinction is essential. The vacuum may fluctuate continuously at the mode level while still
containing no stable particle resonance. Only when coherence, phase-locking, and entropic

confinement conditions are satisfied does a fluctuation become a particle-like resonance.

In this sense, zero-point fluctuation is sub-particle activity. It belongs to the baseline entropic mode

sea, not to a population of fully formed particles.

6.2.6 Relation to the Cosmological Constant Problem
The cosmological constant problem arises when QFT zero-point energy is interpreted as a direct
contribution to spacetime curvature. If vacuum energy is enormous, one expects enormous

gravitational curvature. Observationally, this is not what is seen.

CUWEF reframes the issue. The zero-point fluctuation content of the entropic mode sea is not
automatically identical to gravitationally active spacetime energy density. Since spacetime geometry
itself is emergent from entropic wave structure, only certain projected, coherence-organized

components of the mode sea contribute to effective spacetime curvature.
We may express this distinction schematically:
P_vac”QFT ¥ P_grav effective
and in CUWF language:
P_grav”effective = n_geom(T_fluc(v_E))

where n_geom denotes the projection from entropic mode fluctuation structure into effective

geometric response.

The key idea is that not all baseline fluctuation activity becomes macroscopic curvature. Much of it
remains internal to the entropic mode sea and does not appear as directly gravitating spacetime

energy in the projected regime.
]
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This does not solve the cosmological constant problem by numerical calculation in this section. Rather,
it identifies why the naive QFT interpretation is conceptually wrong in CUWF: it equates formal mode

fluctuation energy with direct spacetime energy before explaining the projection mechanism.

6.2.7 Zero-Point Energy as a Stability Signature of the Vacuum

The non-zero zero-point contribution also has a positive interpretation. It is not merely a problem. It
indicates that the vacuum is dynamically structured and stable. A perfectly zero vacuum would be
incapable of supporting resonance formation, field correlations, vacuum polarization, or spacetime

projection.

In CUWF, zero-point fluctuation is the signature that the vacuum remains physically alive at the mode
level. It is the minimal residual activity required for the entropic wave field to remain capable of

supporting particles and interactions.

A useful CUWF statement is:

E_ZP"CUWF > 0 because p_mode(v_E) >0

The vacuum has zero stable resonance occupation:

NRV E) =0

but non-zero baseline mode density:

p_mode(V_E) >0

Therefore, zero-point energy is not the energy of nothing. It is the energetic signature of a non-empty,

non-resonant field background.

6.2.8 Link to Vacuum Polarization and Particle Production

This reinterpretation prepares the next sections. If the vacuum is a baseline mode sea with non-zero
fluctuation structure, then vacuum polarization becomes a rearrangement of that mode sea around a
resonance or external field. Particle production becomes the extraction and stabilization of coherence
from the mode sea into a collapse-stabilized resonance. Annihilation becomes the dissolution of

resonance coherence back into the same reservoir.
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Thus, zero-point energy is not an isolated concept. It is part of the broader CUWF vacuum architecture:

vacuum = baseline mode sea

therefore:

zero-point energy = baseline fluctuation activity

and:

particle production = resonance stabilization from the mode sea

This sequence gives CUWF a unified account of vacuum phenomena without requiring the vacuum to

be treated as empty space containing mysterious energy.

6.2.9 Summary
In standard QFT, zero-point energy arises because every field mode contributes a non-zero ground-
state term. If summed over all modes without physical restriction, this produces a divergent or

enormous formal vacuum energy.

CUWEF reinterprets zero-point energy as baseline fluctuation energy of the entropic mode sea. It is not
energy of empty space, because the CUWF vacuum is not empty. It is the non-resonant baseline state

of the entropic wave field.
The central CUWF statements are:
E_ZP~CUWF = E_fluc(V_E)
and:
E_ZP is not energy of nothing; it is fluctuation energy of the baseline mode population.

This interpretation also explains why the naive infinite QFT sum is not physically fundamental. Standard
QFT counts projected continuum modes without entropic filtering. CUWF introduces entropic spectral
weighting w(E), meaning that mode contributions are regulated by physical admissibility and entropic

accessibility.
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Therefore, zero-point energy should be understood as the residual fluctuation structure of the vacuum

mode sea, not as a mysterious energy stored in empty spacetime.

6.3 Vacuum Polarization

Section 6.1 defined the CUWF vacuum as the baseline entropic mode population of the field rather than
absolute nothingness. Section 6.2 then reinterpreted zero-point energy as the baseline fluctuation energy
of this mode sea, not as mysterious energy stored in empty space. We now examine a closely related

phenomenon in standard Quantum Field Theory: vacuum polarization.

In QFT, vacuum polarization usually refers to the modification of the vacuum state in the presence of a
charge, field, or interaction source. For example, around an electric charge, the quantum vacuum is
treated as if it becomes polarized by virtual particle-antiparticle fluctuations. This effect changes the
observed strength of interactions and contributes to screening, charge renormalization, and radiative

corrections.
CUWEF accepts the empirical role of vacuum polarization but reinterprets its physical meaning.

In CUWF, vacuum polarization is not the literal appearance of virtual objects from empty space. It is the
rearrangement of the baseline entropic mode sea around a collapse-stabilized resonance or an imposed

coherence disturbance.
The central statement is:
vacuum polarization = mode rearrangement around resonance
or, more explicitly:
Vacuum polarization is the local restructuring of the baseline entropic mode population VY Ein response

to the presence of a resonance QR modifying the effective coupling, phase environment, and

projected field behavior around that resonance.

]
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6.3.1 Standard QFT Picture of Vacuum Polarization

In standard QFT, vacuum polarization is often described using the language of virtual excitations. A
charged particle disturbs the vacuum, and the vacuum responds by producing temporary particle-
antiparticle fluctuations. These fluctuations screen or modify the charge, so that the effective charge

depends on the scale at which it is measured.

Schematically, one may write:
bare charge + vacuum response — effective observed charge

In perturbative QFT, this effect appears through loop corrections. For example, a photon propagator
may be modified by virtual electron-positron loop contributions. Operationally, this formalism is extremely

successful.

However, the explanatory language can become misleading if taken too literally. If the vacuum is treated
as empty space, then vacuum polarization sounds like empty space somehow manufacturing temporary

particles. CUWF avoids this picture by rejecting the premise of emptiness.

Since the CUWF vacuum is already a populated entropic mode sea, polarization is not production from

nothing. It is reorganization of what is already present at the mode level.
6.3.2 CUWF Reinterpretation: Polarization as Mode Rearrangement

Let V_E denote the baseline entropic mode population of the field. In the absence of a particle

resonance, the vacuum is represented as a stable non-resonant mode configuration:
|V_E) = baseline non-resonant mode state

Now suppose a collapse-stabilized resonance ()_R forms within the field. This resonance is not isolated
from the surrounding mode sea. It imposes phase, coupling, and entropic compatibility constraints on

nearby mode configurations.
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Therefore, the vacuum state in the neighborhood of Q. Ris no longer identical to the undisturbed

baseline vacuum. The surrounding modes adjust their amplitudes, phases, and coupling weights.
We may express this schematically as:
V_e) — V_EQR)
where:
|V_E) is the baseline vacuum mode sea without the resonance influence,
|V_E(Q_R)> is the vacuum mode sea rearranged around resonance Q_R.
This is the CUWF meaning of vacuum polarization:
The vacuum mode sea becomes structurally biased by the presence of a resonance.
6.3.3 Local Mode Distortion Around a Resonance

A collapse-stabilized resonance QR carries a particular coherence structure. It has amplitude
distribution, phase-locking pattern, entropic confinement, and coupling signature. These features affect

the surrounding baseline mode population.
Let the vacuum mode state be represented by mode coefficients:
c_i® =A% erip_i®

When resonance Q_R is present, the surrounding mode coefficients shift:

c.i® = c QR =1Ai"+8ALQRTeNiID_i? + 5D_iQ_RT
where:
5A_i(Q_R) is the amplitude rearrangement induced by the resonance,
5d)_i(Q_R) is the phase rearrangement induced by the resonance.
The polarization effect is then captured by the structured set:

OV _E(Q R) = {0A i(Q_R), 6_i(Q_R), 6g_E(Q_R), Ow(E; Q R)}

where:
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Gg_E(Q_R) represents local adjustment of entropic geometry,
5W(E; QR represents local spectral accessibility modification.

Thus, vacuum polarization is not a cloud of little hidden objects. It is a deformation of the amplitude-

phase-coupling structure of the baseline mode sea.
6.3.4 Resonance-Induced Entropic Bias

The presence of a particle-like resonance changes the local entropic compatibility landscape. Modes
that were previously neutral in the baseline sea may become more or less admissible near the resonance,

depending on their phase compatibility and coupling relation to QR

Let C_E(m_i) denote the entropic compatibility constraint for mode m_i. In the baseline vacuum:
cE%mi<o
Around a resonance, the effective compatibility condition becomes resonance-dependent:
C_E(m_i; Q_R) = c_E%m_i) + 5C_E(m_i, Q_R)
where 5C_E(m_i, QR represents the compatibility shift induced by the resonance.

This means that the resonance modifies the local mode environment. Some modes are drawn into
stronger correlation. Some are suppressed. Some acquire phase alignment tendencies. Some become

less accessible because they would violate the local resonance stability condition.

In standard QFT language, this appears as vacuum polarization. In CUWF language, it is resonance-

induced entropic bias of the baseline mode population.
6.3.5 Polarization as Screening in the Projected QFT Limit

In QFT, vacuum polarization often produces screening. The effective charge measured at long distance

differs from the bare charge because the vacuum response modifies the interaction field.

CUWE reinterprets screening as a projection of mode rearrangement.
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Let QQ_Q denote a charged resonance. Its charge is not a point-object property but a topological phase
twist or coupling signature of the resonance manifold, as discussed in Section 4.4. When Q. ais present,

the surrounding mode sea rearranges around this phase-twist structure.

The effective projected charge is therefore not simply the internal invariant of Q_Q. Itis the charge

signature as filtered through the polarized mode sea:
Q_eff(r) = N_aFT[ QQ_Q) + 6V_EQ_Q;n ]
where:
Q(€)_Q) is the intrinsic resonance charge signature,
SV_E(Q_Q; r) is the scale-dependent vacuum mode rearrangement around the resonance,
[1_QFT is the projection into the effective QFT description.

This explains why the observed interaction strength can depend on scale. The resonance itself has a
topological coupling signature, but the mode sea through which that signature is projected is not fixed.

It is polarized by the resonance.
6.3.6 Virtual Particles as Effective Bookkeeping, Not Ontological Objects

The language of virtual particles is useful in QFT calculations. Loop diagrams encode corrections to

propagators and interactions, and these corrections accurately describe measurable effects.

CUWEF does not reject this formalism. However, it reinterprets virtual particles as computational
bookkeeping for mode-sea rearrangement, not as literal short-lived objects popping in and out of

existence.
A virtual loop in QFT corresponds, in CUWF, to an internal mode correlation cycle:
virtual loop = projected mode-correlation rearrangement

The distinction is important. CUWF does not require the vacuum to constantly produce unstable particle
objects. Instead, it says that the mode sea contains fluctuating correlations and resonance-capable
structures. When a resonance or interaction source is present, these correlations reorganize in a way
that appears in QFT as virtual processes.

]
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Thus:
virtual particle language = effective perturbative representation
mode rearrangement = deeper CUWF process
This gives vacuum polarization a physical substrate without literalizing the temporary-particle metaphor.
6.3.7 Vacuum Polarization and Resonance Stability

Vacuum polarization does not only modify the surrounding field; it also participates in resonance stability.
A stable particle resonance is maintained through phase-locking, entropic confinement, bounded

leakage, and compatibility with the surrounding mode environment.

If the surrounding vacuum mode sea rearranges constructively, it can stabilize the resonance by
supporting its phase-locking conditions. If the rearrangement becomes incompatible, it can destabilize

the resonance or alter its effective interaction behavior.
We may write the stability condition as resonance plus environment:

Q Rstable f Q REP SV EQ R EAE
where A _E is the set of entropically admissible resonance configurations.

This equation means that particle identity is never supported by the resonance alone. It is supported by

the resonance together with its compatibility relation to the polarized surrounding mode sea.
Therefore, vacuum polarization is part of the self-consistent field-resonance architecture of CUWF.
6.3.8 Vacuum Polarization as Mode-Space Geometry Response

The term polarization suggests orientation. In CUWF, this orientation is generalized beyond ordinary

spatial direction. It includes phase orientation, coupling orientation, and entropic geometry response.
Aresonance (Q_R locally changes the effective entropic geometry experienced by nearby modes:
g E — g E+0g EQR)

This means the resonance does not merely sit inside the vacuum. It reshapes the local mode-space

geometry by modifying compatibility relations and correlation pathways.
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In projected spacetime language, this may appear as field distortion, screening, or correction to

propagation. In CUWF mode-space language, it is a geometry response of the entropic mode sea.

This is especially important because CUWF does not treat spacetime geometry as fundamental. If
spacetime field behavior changes around a resonance, the deeper cause is not that empty space has
been filled with virtual objects. The deeper cause is that the entropic mode geometry has been

rearranged around a stable resonance structure.
6.3.9 Relation to Measurement and Detectors

Vacuum polarization also helps clarify why measurement devices affect observed outcomes. A detector
is itself a macroscopic resonance-stabilizing structure. When a quantum field interacts with a detector,
the local mode sea is not passively observed. It is rearranged by the detector’'s own entropic coupling

architecture.

Thus, measurement does not simply reveal a pre-existing particle object. It can participate in stabilizing

a resonance outcome by reshaping the local mode environment.
In this sense, vacuum polarization is part of the broader CUWF collapse picture:

field fluctuation — local mode rearrangement — resonance stabilization —> projected detection

event

This links the vacuum discussion back to the measurement problem. The vacuum is not an inert
nothingness behind events. It is an active mode environment whose rearrangements influence

resonance formation and observation.
6.3.10 Summary

In standard QFT, vacuum polarization is often described as the vacuum response produced by virtual
particle-antiparticle fluctuations around a charge or interaction source. CUWF preserves the empirical

role of this phenomenon but reinterprets its ontology.

In CUWF, vacuum polarization is mode rearrangement around resonance.

]
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The vacuum is a baseline entropic mode sea. When a collapse-stabilized resonance QR appears, the
surrounding mode population adjusts its amplitude, phase, coupling weights, and entropic compatibility

structure:
V_e) — V_EQR)

This rearrangement modifies the effective projected field behavior and appears in QFT as screening,

loop corrections, and vacuum response.

Thus, virtual particles are not treated as literal objects emerging from empty space. They are effective

computational representations of deeper mode-correlation rearrangements.
The CUWF conclusion is:
vacuum polarization is not the polarization of nothing;

it is the structured response of the non-zero entropic mode sea to a resonance.

6.4 Vacuum as Entropic Reservoir

Sections 6.1-6.3 established the CUWF vacuum as a non-empty baseline entropic mode population.
The vacuum is not nothing; zero-point energy is not the energy of empty space; and vacuum
polarization is not the literal appearance of virtual objects from emptiness, but the rearrangement of the
baseline mode sea around a resonance or coherence disturbance. We now complete this vacuum

architecture by defining the vacuum as an entropic reservoir.

In CUWF, the vacuum is not a passive background. It is an active reservoir of admissible modes,
phase relations, fluctuation capacity, and latent coherence. Particle production and annihilation are
therefore not absolute creation and destruction. They are transformations of resonance organization

within this reservoir.
The central statement of this section is:
vacuum = entropic reservoir of latent coherence

From this perspective:
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particle production = drawing coherence from the vacuum reservoir
annihilation = returning coherence to the vacuum reservoir

This completes the CUWF reinterpretation of the vacuum: it is not empty space, not a mere
mathematical ground state, and not a container filled with mysterious energy. It is the non-resonant

entropic mode sea from which stable resonance identities may form and into which they may dissolve.
6.4.1 Vacuum Is Not a Passive Background

In many intuitive descriptions, the vacuum is imagined as a passive stage. Particles move through it,
fields occupy it, and interactions occur against it. Even when QFT assigns fluctuations to the vacuum,

the underlying picture often remains spacetime-first: vacuum is still treated as a state of space.

CUWEF changes the ordering. Since spacetime is emergent rather than fundamental, vacuum cannot
be defined primarily as a state of space. It must be defined as a state of the deeper entropic mode

structure whose projection gives rise to spacetime descriptions.
The CUWF vacuum was defined earlier as:
V_E = baseline non-resonant mode population of F

This definition implies that the vacuum is already physically structured. It contains admissible wave
modes, mode correlations, phase fluctuations, and resonance-capable substructures. What it lacks is

not physical content, but stable collapse-stabilized particle identity.

Therefore, the vacuum is better understood as an entropic reservoir rather than a void. A reservoir is
not empty. It stores potential structure. It can supply coherence to form resonances, absorb coherence

when resonances dissolve, and redistribute mode relations around existing resonances.
6.4.2 Definition: Entropic Vacuum Reservoir
We define the CUWF entropic vacuum reservoir as follows.

Definition 6.1 (Entropic Vacuum Reservoir).

]
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The entropic vacuum reservoir is the baseline non-resonant mode population of the entropic wave
field, capable of storing, redistributing, supplying, and absorbing coherence without necessarily

forming stable particle resonances.
Symbolically, we write:

PV _E={m_i"0 € F|Q_Ris not stabilized }
where:

m_i"~0 denotes a baseline admissible mode in the vacuum configuration, F denotes the entropic wave

field, and (Q)_R denotes a collapse-stabilized resonance identity of type R.
The reservoir condition can be stated as:
p_mode(V_E)>0, N.RV_E) =0

where p_mode(v_E) is the baseline mode density of the vacuum, and N_R(V_E) is the occupation
number of stable resonance identities. The vacuum has non-zero mode density but zero stable particle

occupation for the resonance type being considered.
This expresses the basic CUWF distinction:
mode population F particle population
A vacuum can be rich in mode structure while still containing no stable particle resonance.
6.4.3 Particle Production as Drawing Coherence from the Reservoir

In standard QFT, particle production may be described as the creation of particle excitations from the
vacuum under certain conditions, such as strong fields, high-energy collisions, or curved spacetime
backgrounds. CUWF preserves the empirical idea that particle-like states can emerge from vacuum-

like conditions, but it changes the mechanism.

Particle production is not the creation of an object from nothing. It is the extraction and stabilization of

coherence from the entropic vacuum reservoir.

© 2025 CHAYUT TECHASAMRAN 110



v

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

Let QQ_R denote a resonance identity of type R. Particle production occurs when a subset of reservoir
modes becomes sufficiently coherent, phase-locked, and entropically confined to satisfy the

resonance conditions:
RIQ_R) =R_*
did\ (Ad_i)) = 0
QRCBE
where R(Q_R) is the coherence ratio of the mode subset, R_* is the threshold required for resonance

formation, A(I)_ij is the phase difference between coupled modes, and ‘B Eisthe entropic

compatibility basin.

When these conditions are met, coherence is drawn from the reservoir and organized into a stable

resonance identity:
V_E + coherence extraction — V_E' + Q_R

Here, V_E' represents the reservoir after coherence has been redistributed to support the resonance.
The reservoir is not annihilated; it is locally reorganized. The particle is not an externally inserted

object; it is a stabilized resonance pattern formed from reservoir coherence.
6.4.4 Coherence Extraction Does Not Mean Substance Extraction

The phrase “drawing coherence” must be understood carefully. CUWF does not claim that coherence
is a material fluid being removed from the vacuum. Coherence refers to organized phase relation,

stable amplitude support, and entropic compatibility among modes.

A particle forms when the reservoir supplies a mode subset whose internal relations become stable

enough to persist as a resonance identity. What is extracted is not substance, but organization.
A useful CUWF distinction is:
raw mode activity — fluctuation
organized phase-locked mode activity — resonance identity

]
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Thus, particle production is a transition from baseline fluctuation to organized resonance. The reservoir

remains present, but part of its coherence capacity becomes locally structured into QR.

This also explains why particle production generally requires suitable conditions. The vacuum reservoir
always contains latent coherence capacity, but not every fluctuation becomes a particle. Only

fluctuations crossing the collapse-stabilization threshold become stable resonance identities.
6.4.5 Annihilation as Returning Coherence to the Reservoir

Annihilation is the inverse process. In standard QFT, annihilation operators reduce particle occupation
number. In CUWF, this means that a stable resonance identity loses its phase-locking structure and

returns its organized coherence to the reservaoir.
A resonance (Q_R remains a particle-like identity only while its stability conditions remain satisfied:
| d/d (Ad_ij) | < €_lock
Jout < U *
SR OIAY VOB

If these conditions fail, the resonance can no longer maintain identity. Its phase-locked structure
unlocks, its coherence disperses, and the organized resonance pattern dissolves into the baseline

mode sea.
Symbolically:

VeE+QRrR— V_E' + redistributed coherence
or, in operator language consistent with Section 5.2:

aRVEQR)=V_E"

This does not mean that reality loses something into nothing. It means that the resonance identity
ceases, while its underlying mode content and coherence contribution are reabsorbed into the

entropic reservoir.

]
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6.4.6 Conservation Reinterpreted as Reservoir Accounting

This reservoir picture also gives a natural interpretation of conservation laws. In standard physics,
conservation laws ensure that energy, momentum, charge, and other quantities are not arbitrarily
created or destroyed. CUWF preserves conservation behavior but interprets it as structured

accounting of resonance and reservoir transformations.

When a resonance forms, the reservoir supplies coherence and mode organization. When a resonance
dissolves, coherence returns to the reservoir or is redistributed into other resonances. Thus, the total

entropic-mode structure is transformed, not erased.
A schematic conservation relation may be written as:
Q_total = Q_resonance + Q_reservoir

where Q represents any conserved or approximately conserved structural quantity: effective energy,

charge-like topological signature, phase winding, or coherence measure.
During particle production:

AQ_resonance >0, AQ_reservoir <0
During annihilation:

AQ resonance <0, AQ reservoir > 0

This is why CUWF does not need absolute creation or absolute destruction. It needs only

transformations between reservoir structure and resonance structure.
6.4.7 Vacuum Reservoir and Particle—Antiparticle Processes

In standard QFT, particle-antiparticle pair production and annihilation are often described as
conversion between field energy and particle pairs. CUWF expresses this more structurally. Pair
production occurs when the vacuum reservoir supplies coherence into two complementary resonance

channels whose combined topological and phase signatures satisfy admissibility constraints.

If Q_R and Q_anti-R represent a resonance and its complementary anti-resonance, then pair

production may be schematically represented as:
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VE->VE+QR+QantiR
The combined resonance pair must satisfy reservoir-level compatibility:
CEQRP Qant-rR <0

and must preserve the relevant global structural invariants:
QQ R +QQ antiR) + QV EY=Q(V F)
Annihilation is the reverse process:
QR+QantiR+VE—VE

In CUWF terms, annihilation does not mean mutual disappearance into emptiness. It means that
complementary resonance identities unlock and return their organized coherence to the reservair,

often producing other resonance outputs such as photons or other allowed coherence packets.
6.4.8 Relation to Vacuum Polarization

The reservoir interpretation naturally connects to vacuum polarization. Section 6.3 described vacuum
polarization as a rearrangement of the mode sea around a resonance. Section 6.4 extends this idea:
the vacuum reservoir not only rearranges around resonances, it can also supply coherence to produce

resonances and absorb coherence when resonances dissolve.
Thus, the vacuum has three related roles:

First, it is the baseline mode population. Second, it polarizes or rearranges around resonance

structures. Third, it functions as a coherence reservoir for particle production and annihilation.
These roles are not separate mechanisms. They are different regimes of the same entropic mode sea.
baseline reservoir — polarization — resonance production / resonance absorption

This gives CUWF a unified interpretation of vacuum phenomena without requiring the vacuum to be

treated as empty or as a mysterious substance.
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6.4.9 Vacuum Reservoir and the Meaning of Field Excitation

In QFT, a particle is often called an excitation of a field. CUWF agrees with this statement only after
reinterpretation. A field excitation is not a small object lifted above a passive vacuum. It is a collapse-

stabilized resonance formed from the coherence capacity of the entropic reservoir.
Therefore:
field excitation = resonance organization of reservoir coherence

This provides a more physically structured meaning to the standard QFT phrase. The field is not simply
excited in the way a string is excited. Rather, the reservoir reorganizes part of its mode population into

a persistent phase-locked identity.

The excitation becomes particle-like only when it satisfies resonance identity criteria. Otherwise, it

remains a fluctuation, polarization pattern, or transient coherence disturbance.
6.4.10 Summary

In CUWEF, the vacuum is not a passive emptiness. It is an entropic reservoir: a baseline non-resonant

mode population capable of storing, redistributing, supplying, and absorbing coherence.

Particle production is reinterpreted as the drawing of coherence from the vacuum reservoir into a

collapse-stabilized resonance identity:
v_E + coherence extraction — V_E' + QR

Annihilation is reinterpreted as the dissolution of resonance identity and the return of organized

coherence to the reservoir:
V_E + Q_R — v_E' + redistributed coherence

Thus, particle creation and annihilation are not absolute creation from nothing or destruction into
nothing. They are reversible or partially reversible transformations between two forms of field

organization: reservoir coherence and resonance identity.
The final CUWF vacuum statement is:

vacuum = entropic reservoir
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particle = reservoir coherence stabilized into resonance
annihilation = resonance coherence returned to reservoir

This completes Section 6. The CUWF vacuum is now fully reinterpreted as a real, non-empty,
dynamically structured mode sea: the foundation for zero-point fluctuations, vacuum polarization,

particle production, and resonance dissolution.
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