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Section 10 — Recovering Quantum Field Theory from CUWF

(Field-Like Excitations, Emergent Locality, Vacuum Regulation, and Particle-Wave Duality)

Quantum Field Theory (QFT) is one of the most powerful effective frameworks in physics, but in CUWF
it is not fundamental. It is recovered as a mid-scale projection of the CUWF Master Equation when
curvature is smooth, collapse is shallow, entanglement geometry is weakly nonlinear, and dimensional

flow becomes stable over the relevant scale.
The full CUWF dynamical law remains:
dQiat = —V_F G[Q]
The QFT regime appears when this dynamical flow approaches a stable projection surface:

VFeQi=o

In this section, the symbol V_.'F G[Q] = 0 is therefore not used as the full dynamical law. It denotes
the consistency condition under which a QFT-like sector becomes stable, approximately linear, and

locally covariant. The full dynamics remain governed by dQidat = —V_F ¢[Q.
QFT emerges when the following projection conditions hold simultaneously:

the curvature functional C[g] is smooth across the projection scale;

the collapse potential (D[X] is suppressed but not absent;

the entanglement geometry =_eff becomes weakly nonlinear and approximately localizable;

the dimensional-flow regulator R(N_eff) stabilizes at a finite mid-scale value;

perturbations of () can be linearized around a stable background state Qo.

Under these conditions, the nonlinear CUWF generator does not disappear. It flattens into an effective
perturbative operator. What QFT calls fields, particles, locality, and vacuum structure are then

interpreted as projection-level behavior of Q, not as primitive objects.
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10.1 Field-like Excitations from Perturbations of Q
Let the CUWF universe-state be written as:
Q ={X, g, N_eff}

where X is the collapse configuration, g is the entropic geometry, and N_eff is the active degree-of-

freedom scale. Nonlocal structure enters through = effas part of G[Q].

A QFT-like field appears when the universe-state is expanded around a stable projection background

Qo:
Q=00 +060Q

where 6Q) represents small perturbations around a stable basin. Substituting this into the CUWF fixed-

point condition gives:
V.FciQo+6Q1=0
Linearizing around Qo yields:
L eff6Q =0

Here L_eff is the effective stability operator obtained from the first-order projection of the CUWF
generator around Qo. In the appropriate mid-scale regime, OQ) behaves like a field excitation. Scalar,
vector, spinor, or gauge-like modes are not inserted as fundamental entities; they arise as stable

perturbative channels of the deeper CUWF state.
This gives the first recovery principle:
QFT fields = linearized perturbation modes of () around a stable CUWF projection surface.

Particle creation and annihilation arise when perturbative modes enter or leave stable excitation
channels under the effective operator L_eff. At this level, the nonlinearity of CUWF is hidden because
the projection is restricted to small O6Q). The full nonlinear generator remains present, but QFT sees

only its locally linearized shadow.
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10.2 Locality Emergence from Covariance of g

QFT assumes locality: interactions are expressed as local field terms on spacetime. CUWF does not
assume locality at the fundamental level. Locality appears when the entropic geometry g becomes

smooth enough that neighboring regions of Q) can be treated as covariantly related.
The relevant projection conditions are:

g varies slowly across the projection scale;

=_eff becomes weak or nearly uniform over local neighborhoods;

CD[X] remains shallow enough that abrupt branch selection is suppressed,;

R(N_eff) freezes the active resolution so that the number of local modes remains stable.

Under these conditions, the effective stability operator L_eff becomes locally covariant with respect to

g. A field-like perturbation (I) then satisfies an approximate equation of the form:

Ogp+Vid)=o

where O_g is the d’Alembertian associated with the smooth projected metric g. This is the

mathematical origin of QFT locality inside CUWF.

Locality therefore does not mean that reality is fundamentally local. It means that, in a regime where
=_eff is weakly expressed and g is smooth, the nonlocal structure of G becomes effectively invisible.

The projected observer then sees local fields interacting on a spacetime-like background.
This gives the second recovery principle:

QFT locality = smooth-g projection + suppressed nonlocal =_eff structure.

10.3 Why QFT Gets Vacuum Wrong: Missing R(N_eff)

One of the clearest signs that QFT is not fundamental is the vacuum energy problem. Standard QFT
sums zero-point contributions across fixed field modes and obtains a vacuum energy density that is

catastrophically larger than the cosmological value inferred from observation.
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In CUWE, this failure is not merely numerical. It is structural. QFT lacks the dimensional-flow regulator
R(N_eff). It assumes that the number of active modes is fixed or effectively unlimited, while CUWF

treats the active mode count as dynamically regulated.
In the CUWF framework, vacuum-like contributions are constrained by:
R(N_eff)

When curvature, collapse stability, or correlation topology would otherwise generate runaway mode
density, R(N_eff) changes the effective number of active degrees of freedom. This prevents the

unrestricted accumulation of vacuum contributions.
The CUWF regulation principle may be summarized as:
large mode density = R(N_eff) response = regulated N_eff = finite effective vacuum contribution

Thus, the QFT vacuum catastrophe appears because QFT is a projection that has forgotten its own
regulator. It sees field modes but not the deeper dimensional-flow mechanism that controls whether

those modes remain physically active.
This gives the third recovery principle:

QFT vacuum error = projection artifact caused by omitting R(N_eff).

10.4 Particle-Wave Duality from Collapse Geometry

QFT models particles as excitations of fields, but it does not explain why field excitations appear as
discrete detected outcomes. It inherits the measurement problem from QM. CUWF resolves this by

distinguishing the field-like and particle-like sides of the same perturbative structure.
In the CUWF projection:

wave-like behavior comes from extended perturbations oQ governed by =_eff and smooth g;
particle-like behavior comes from collapse selection under CD[X];
classical detection occurs when R(N_eff) stabilizes the selected outcome basin.

This can be summarized as:
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wave-ness = extended perturbation geometry of oQ
particle-ness = collapse-stabilized basin selected by (D[X]

A “particle” is therefore not a primitive object. It is a stable collapse outcome of a field-like perturbation.
A “field” is not fundamental either; it is the pre-collapse perturbative geometry of Q). QFT sees both
sides, but because it lacks (D[X] as a real collapse mechanism and R(N_eff) as a dimensional

stabilizer, it cannot explain their unity.
This gives the fourth recovery principle:

particle—~wave duality = perturbation geometry + collapse-basin selection.

10.5 QFT as a Mid-Scale Projection of V_.‘FG[Q]
The full recovery of QFT from CUWF can now be stated as a projection theorem in conceptual form.
QFT emerges when:

curvature is smooth but not dominant;

collapse is shallow and does not immediately force branch selection;

= effis weakly nonlinear and appears as correlation structure among field modes;
R(N_eff) stabilizes the effective degree-of-freedom count;

perturbations around Qo remain small enough for linearization.

Under these conditions:
dQat = —V_F c[Q
approaches a stable projection regime:
V.FciQi=o
and linearization gives:

L eff OQ =~ 0
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which becomes the effective field equation structure of QFT. In this regime, the projected world
contains local field excitations, particle-like detection events, perturbative interactions, and

approximate Lorentz-covariant behavior.

The result is not that CUWF modifies QFT by adding extra terms. Rather, QFT is what CUWF looks like
when the deeper collapse, curvature, correlation, and dimensional-flow structure is flattened into a

mid-scale perturbative regime.

QFT Feature CUWF Origin

Fields Linearized perturbations O0Q) around a stable

projection state Qg

Particles Collapse-stabilized excitation basins selected by
Dix]

Locality Smooth-g projection with suppressed nonlocal
=_eff pathways

Vacuum structure Incomplete projection of mode density without

full R(N_eff) regulation

Perturbation theory Small-0Q) expansion of the nonlinear generator
G

Renormalization Effective shadow of deeper dimensional-flow
regulation

This gives the final recovery statement of Section 10:
QFT = mid-scale perturbative projection of the CUWF Master Equation.

QFT is therefore powerful but not fundamental. It succeeds because it describes a stable projection
regime of V_TG[Q]. It fails where the suppressed CUWF structures become unavoidable: strong

curvature, vacuum regulation, collapse, dimensional flow, and nonlocal correlation geometry.
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Summary of Section 10

Section 10 has shown how Quantum Field Theory is recovered from CUWF. QFT appears when the
CUWEF universe-state is expanded around a stable mid-scale projection background, where curvature
is smooth, collapse is shallow, nonlocal correlation is weakly expressed, and dimensional flow is

stabilized.

Under these conditions, perturbations O0Q) behave like field modes, locality emerges from smooth
covariance of g, particle-like outcomes arise from collapse-basin selection, and QFT’s vacuum

problem is reinterpreted as the result of omitting R(N_eff).
The essential conclusion is:
QFT is not fundamental; it is a perturbative projection of dQ/at = —V_TG[Q].

Section 11 will now extend the same logic to thermodynamics and the arrow of time, showing how
irreversibility emerges from entropic collapse and dimensional-flow asymmetry rather than from an

externally assumed temporal direction.
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