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Section 3) Mathematical Framework: Mode Space & Entropic Dynamics

3.1 Mode space M (Hilbert-like but entropic-weighted)

Having established the CUWF ontology of fields as resonance-capable entropic mode distributions
(Section 2), we now construct the mathematical framework required to describe their dynamics. The
central objective of this section is to define the “mode space” M in which CUWF fields naturally live,

and to introduce the entropic weighting structure that distinguishes M from a standard Hilbert space.

In CUWF, spacetime-local fields (e.g., (I)(x)) are derived objects obtained by projection. The primary

field state is instead represented by a state vector |L|J) defined in M.

3.1.1 Definition of Mode Space M’

Definition 3.1 (Mode Space).

Mode space M is a complex vector space whose basis elements correspond to admissible entropic
wave modes. It is Hilbert-like in that it admits linear superposition and inner products, but it is

entropically weighted such that mode contributions are not uniform across scales or energies.
We denote the CUWF field state as:
WYye M
and represent it in a mode basis {|mi)} as:
W) = Zicimi)
where:

|mi) are admissible entropic wave modes (Section 2),
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ci € Care complex mode coefficients encoding amplitude and phase.

The correspondence with Section 2.2 is:

ci = Aieidi}
so that the state vector simultaneously captures the amplitude distribution {Ai} and phase organization
(i}

3.1.2 Hilbert-Like Structure with Entropic Weighting

In standard quantum mechanics and QFT, the state space is a Hilbert space with an inner product
<-|-) that treats all basis contributions under a uniform measure. CUWF modifies this by introducing an

entropic weighting structure.

Let E denote a generalized energy-like scale parameter associated with a mode (more precisely

defined by the CUWF mode spectrum). CUWF introduces a weight function:

w(E) 20
which modifies the effective mode density and the measure by which mode contributions are counted.
This weighting captures a key CUWF idea:

Modes at different scales are not equally available or equally stable, because the entropic structure of

the universe filters the admissible mode population.

Thus, M is Hilbert-like but not uniform: it has an entropic spectral geometry.
3.1.3 Weighted Inner Product and Effective Mode Density

To formalize the entropic weighting, we define a weighted inner product:

(WD)_E = Ziw(Ej) ci** di

]
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where: |L|J) =2jci Imi)
D) = 3 di |mi)

Ei is the scale/energy parameter associated with mode i.
Equivalently, in a continuous spectral limit:
(WD)_E = [ wEe) W) OE) duE)
where dL(E) is the underlying spectral measure of mode space.
Interpretationally, w(E) plays two roles:
(1) It determines the effective “density of admissible modes” at energy scale E.

(2) It provides a natural entropic regularization mechanism by suppressing mode contributions

beyond entropic accessibility.

This is an important structural feature for CUWF’s later reinterpretation of renormalization (Section 8). In
QFT, ultraviolet divergences occur because all high-energy modes are implicitly counted without
physical suppression. In CUWF, w(E) provides a physically motivated entropic attenuation of

inaccessible or unstable modes.
3.1.4 Entropic Metric Connection

The entropic metric/curvature g_E introduced qualitatively in Section 2.2 becomes mathematically

active in M through this weighted structure. In CUWF terms:

- g_E shapes entropic distance in mode space,

- while w(E) shapes entropic availability (spectral accessibility).
Together they define the entropic geometry of M.

3.1.5 Summary (Section 3.1)

]
© 2025 CHAYUT TECHASAMRAN 28



v

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

- CUWF introduces a mode space M in which field states live: |L|J) EM.
- M is Hilbert-like (superposition, inner products) but not uniform.

- A weight function w(E) modifies the effective density of admissible modes and defines a weighted

inner product.

- This entropic weighting provides the mathematical basis for CUWF’s physical cutoff and later

interpretation of renormalization.

3.2 Entropic Action Principle

Section 3.1 defined the CUWF mode space M and introduced the entropic weighting w(E) that
shapes the effective mode density. We now formulate CUWF dynamics through an action principle.

The purpose of this section is twofold:
(1) Define an entropic action functional S_E[T] for the entropic wave field F.
(2) Derive the CUWF field equation via the stationary-action condition 5S_E =0.

This action-based formulation is essential because it provides a disciplined route from ontology to
dynamics. It also provides the bridge to conventional field theory methods, where equations of motion

are derived from a variational principle.
3.2.1 Definition of the Entropic Action S_E[T]

In CUWF, the fundamental object is the field F represented in mode space. We therefore define the

action directly over mode-space degrees of freedom, rather than over a spacetime-local field CI)(x).

Let A denote a generalized evolution parameter (it may coincide with time in an effective limit, but
CUWEF does not assume time as fundamental). Let the field configuration be represented by a mode-

state |UJ(7\)) EM, equivalently by the set of complex coefficients {ci()\)} in a mode basis.
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We define the entropic action functional:
S E[F) = f MY ALEF DAF: g E w) dh
where:
- L_E is the entropic Lagrangian (a scalar functional),
- D_}\ denotes the derivative along the evolution parameter A (defined on ]V[),
- g_E is the entropic metric/curvature structure,
- w(E) is the entropic spectral weight introduced in Section 3.1.
A practical working representation is to express L_E in terms of |L|J):
S_EW] = f_{)w}A{)\z} [T_E(W), D AW)) — Vv E(W) 1dA
where:
- T_E is an entropic “kinetic” term controlling how the state changes in M,
- V_E is an entropic “potential” term encoding coupling and admissibility structure.

To incorporate entropic constraints explicitly (Section 2.1-2.4), we include constraint functionals

C_k[.'F] <o using Lagrange multipliers a_k()\). The constrained entropic action becomes:
s ErctFl= [ [LEF o AF) + 2 _ka kN ckF11dA

This definition expresses a core CUWF principle: admissible dynamics occur only within the

entropically compatible region of configuration space.

3.2.2 Stationary Action: 58_E =0

The CUWF equation of motion is obtained by demanding that the entropic action be stationary under

admissible variations of the field configuration.

Stationary-Action Condition (CUWF).
]
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GS_EAC =0 under variations OF (or 5|L|J)) that respect boundary conditions at 7\1, A2.

In a standard variational setting, GS_EAC = 0 implies an Euler—Lagrange-type equation on mode
space. Writing schematically for a generalized field coordinate q(}\) representing the mode degrees of

freedom (e.g., the set {ci(\)}), we obtain:
d/dN (OLE/OD Aq))— 0L E/Oqg+2 ko k(A\) dC kiDq=0
This is the CUWF field equation in mode-space form.
3.2.3 Entropic Euler-Lagrange Form in Mode Coordinates
To connect with the amplitude—phase representation from Section 2.2, write each coefficient as:

cit\) = AiA) e{ii\)}

Then q()\) may be chosen as the paired coordinates (AIN), ¢i(7\)}. The variational principle yields

coupled equations:
d/d\ (OL_E/O(D_AA)) — OL_E/OA +Z kO _k JC_k/OA =0
d/d\ (OL_E/ O A Pi)) — AL E/I@i+Z k0 kDC_kAEPi=0

These equations formalize the CUWF claim that collapse-stabilization is fundamentally a phase-relation
phenomenon: the evolution of {d)i} is dynamical, and stable particles correspond to solutions where

phase relations become locked (Section 2.3).
3.2.4 Interpretation: What 8S_E = 0 Means in CUWF

In conventional field theories, 0s=0 expresses a principle of least action in spacetime. In CUWF,

0S_E=0 expresses something more specific:

- The field F evolves along paths in mode space that are dynamically optimal under entropic

geometry (g_E) and entropic availability (w(E)).

]
© 2025 CHAYUT TECHASAMRAN 31



v

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

- The constraints C_k encode entropic compatibility; they restrict evolution to physically

admissible configurations.

- Stationary action therefore selects trajectories that are consistent with the universe’s entropic

structure.

This provides the disciplined foundation needed for later sections where we define concrete operators
(entropic derivatives, propagation kernels, and correlation transport) and where we derive the effective

QFT limit.

Summary (Section 3.2)

- CUWF dynamics are formulated by an entropic action principle.

- An entropic action functional is defined as:
S.EFI= [ LEF. D AF: g E w) d\

- Entropic constraints are incorporated via Lagrange multipliers:
sErc=LE+TakC KN

- The CUWF field equation is obtained from stationary action:
0S_Erc=0 = Euler-Lagrange-type equations on mode space.

- In amplitude—-phase coordinates, the variational principle yields coupled evolution equations for {Ai,

d)i}, enabling phase-locking collapse-stabilization.

3.3 Entropic Laplacian and Field Propagation

Sections 3.1-3.2 established the mode space M as the natural domain of CUWF field states and

introduced an entropic action principle S_E[T] from which CUWF evolution equations can be derived.
]

© 2025 CHAYUT TECHASAMRAN 32



v

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

We now define the core propagation operator governing how field states spread, correlate, and

transport coherence in mode space: the entropic Laplacian, denoted by AE.

In CUWF, “propagation” is not a primitive motion through spacetime. It is the evolution of coherence
structure within the entropic mode ensemble. When projected into spacetime, this mode-space
propagation appears as wave propagation, field correlation transport, and in suitable limits as particle-

like motion.

3.3.1 Definition of the Entropic Laplacian Operator A_E

The entropic metric/curvature structure g_E introduced in Section 2.2 and activated in Section 3.1
provides the geometric foundation for differential operators in mode space. In analogy with the
Laplace—-Beltrami operator on a Riemannian manifold, we define the entropic Laplacian A_E as the

second-order operator compatible with the entropic geometry of M.
Definition 3.2 (Entropic Laplacian).

Let (M, g_E) be the entropic mode manifold. The entropic Laplacian AE acting on a scalar

functional f defined over M is defined as:
A _E f = div_E(grad_E f)
In coordinate form (for local coordinates g™a on M), this becomes:
AEt=01n1g_E) 0_a (Vig_El g_E{ab) D_b 1)
where:
- g_E~{ab} is the inverse entropic metric,
- |g_E| is the determinant of the metric tensor,

- a_a denotes partial derivative in mode-space coordinates.

]
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This operator is the CUWF generalization of “spreading” or “dispersion” in mode space and will be the

fundamental component of field propagation kernels.
3.3.2 Propagation as Entropic Diffusion-Like Dynamics

In CUWF, the baseline tendency of a mode distribution is not rigid wave transport, but entropic
redistribution: coherence spreads from unstable concentration patterns toward admissible equilibrium

structures.
A minimal propagation equation in CUWF therefore takes a diffusion-like form in mode space:
DAW=kEAEVY
where:
-Wis the mode-space wave functional (representation of |l-|J)),
- D_A is the evolution derivative,
- K_E is an entropic propagation coefficient.

This does not mean CUWF reduces to classical diffusion. Rather, it captures the entropic smoothing

component of propagation: unstable gradients are flattened through entropic compatibility dynamics.

This diffusion-like term explains why resonance-free field states tend to delocalize in mode space, and
why collapse-stabilized resonances require additional phase-locking structure to maintain identity

(Section 2.3).
3.3.3 Phase Transport: Coherence Propagation Beyond Diffusion

Pure diffusion destroys phase structure. Yet CUWF requires that coherence and phase relations can
propagate and reorganize without simply dissipating. Therefore, CUWF propagation must include a

phase-transport component.

To express this, we decompose the mode coefficient representation:
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W = Aexp(i®D)
where:

- A denotes amplitude envelope (generalized from {Ai}),
- @ denotes phase functional (generalized from {(I)i}).

Propagation in CUWF therefore has two coupled components:

(1) Entropic diffusion-like evolution of amplitude structure.
(2) Coherent transport evolution of phase structure.

A minimal coupled form can be expressed schematically as:
DAA=KEAEA—A TEA D)
DAD=vE- VED+QER.OD)

where:

-TE captures entropic damping/restructuring of amplitude,
- v_E is an effective phase-transport velocity in mode space,
- Q)_E captures coupling-induced phase rotation terms.

The crucial CUWF claim is therefore formalized:

Propagation = diffusion-like redistribution + phase transport (coherence flow)

This dual structure enables CUWF to support both:

- field spreading (non-resonant regime), and

- persistent coherent transport (resonant/coherent regime).

]
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3.3.4 Propagators and Correlation Transport

In QFT, propagation is encoded in propagators such as Green’s functions. CUWF reinterprets

propagators as correlation transport kernels generated by A _E and the phase-transport dynamics.

Let G_E denote the entropic propagator kernel on M. Then, schematically:
ODA—KEAE+..)GE=0E

where O_E is the delta distribution in entropic mode geometry.

The “+ ...” term represents phase-transport and coupling contributions. In later sections (Section 5),

we show how QFT propagators arise as projected approximations of G_E in a quasi-linear regime.
3.3.5 Summary (Section 3.3)
- CUWF defines propagation primarily in mode space, not in spacetime.
- The entropic Laplacian A_E is defined as:
A_E = div_E © grad_E
and acts as the dispersion/spreading operator compatible with entropic geometry g_E.

- Field propagation in CUWF contains two essential components:

(1) diffusion-like entropic redistribution driven by A_E,

(2) coherent phase transport preserving and reorganizing phase relations.

- Propagators are correlation transport kernels generated by AE together with phase-transport terms

and coupling structure.
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3.4 Causality Interpretation in CUWF Fields

In conventional field theory, causality is fundamentally tied to spacetime structure: signals propagate
along light cones, and cause must precede effect in an ordered temporal sequence. This picture is
consistent within the spacetime-first ontology of relativity and QFT. However, CUWF adopts a different

ordering of foundations.

In CUWF, mode space M and entropic coupling structure are primary, while spacetime and time-
ordering are emergent projections. Therefore, causality cannot be treated as an absolute primitive
relation defined on spacetime. Instead, causality must be interpreted as a structural property of

entropic coupling and compatibility in mode space.
This section formalizes the CUWF interpretation:

Cause—effect is not fundamentally a temporal ordering; it is simultaneity in entropic coupling structure,

later perceived as time-ordering in spacetime projection.

This directly links to the CUWF time-causality framework developed in Paper A (“Time lllusion and the

Simultaneity of Cause-Effect in Entropic Wave Space”).
3.4.1 Causality as an Emergent Projection

Let F be the entropic wave field represented by |L|J) € M . The evolution of |l-|J) is governed by
entropic action dynamics and coupling operators (Sections 3.2-3.3). Within this framework,
interactions do not occur as localized events at spacetime points. Rather, they occur as changes in

coupling relations among subsets of modes.
Therefore, in CUWF:
- “Cause” corresponds to a structural coupling condition in M.

- “Effect” corresponds to the resulting coherent reconfiguration of the mode ensemble.

]
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- The two are linked through coupling constraints, not through a fundamental time arrow.
Temporal sequencing appears only after projection into spacetime-based representation (I)(x, t).
3.4.2 Simultaneity in Entropic Coupling

CUWEF proposes that the fundamental mechanism connecting cause and effect is entropic coupling
simultaneity. That is, the relevant modes that constitute a causal interaction exist within a joint coupling

network in mode space, and the causal constraint applies to the coupled configuration as a whole.
We denote an entropic coupling operator between mode subsets (1 and Q)5 as:

K _Eh, Q)
A “cause-effect” relation in CUWF is then interpreted as:

The coupled configuration (Q @ Q),) satisfies compatibility and stationarity constraints

simultaneously under K E

This means the causal relation is encoded in the coupling structure itself, rather than in an ordering

along a fundamental time variable.
In CUWF language:
Cause and effect co-exist as a single constrained solution in entropic coupling space.

This interpretation matches the CUWF thesis that time is not fundamental; it is an observed ordering
emerging from entropic distance relations between wave nodes (developed in Paper A time-causality

sections).
3.4.3 Why Time-Ordering Still Appears in the QFT Limit

The fact that CUWF treats cause-effect as simultaneity in coupling does not contradict the observed
success of time-ordered QFT calculations. Rather, CUWF claims that time-ordering is an effective

approximation valid in the quasi-linear projection regime.
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In the QFT limit:
- the entropic mode dynamics project into spacetime as propagating disturbances,

- the diffusion-like spreading + phase transport (Section 3.3) is represented by spacetime

propagators,
- and entropic coupling constraints appear as local interaction vertices.

Thus, causality becomes represented as time-ordering because the projection compresses the

underlying entropic coupling simultaneity into a sequential narrative on spacetime.
In this sense:

Time-ordered QFT is not wrong; it is the spacetime shadow of a deeper simultaneity constraint.
3.4.4 Link to Paper A Time—Causality Framework

This section should be read as the field-theoretic translation of CUWF’s general time-causality thesis

developed in Paper A:
- Cause-effect arises from simultaneous compatibility constraints in entropic wave space.

- Perceived time-ordering arises from relative entropic separation between observer-mode clusters and

event-mode clusters.

- “Before” and “after” are therefore not primitive universal relations, but emergent ordering relations in

projected representation.

The CUWEF interpretation of causality in fields is therefore consistent with and directly dependent on the

broader CUWF framework of emergent time.
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Summary (Section 3.4)

- CUWF does not treat causality as a primitive time-ordered spacetime relation.
- Cause-effect is interpreted as simultaneity in entropic coupling structure in mode space M.
- Time-ordering in QFT emerges as a projection artifact in the quasi-linear regime.

- This section links directly to CUWF Paper A time—causality results (“Time lllusion and the Simultaneity

of Cause-Effect in Entropic Wave Space”).

- ____________________________________________________________________________________________|
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