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Section 9. Black Hole Horizons and the Degradation of Time

Mini Introduction — From Local Temporal Regulation to Horizon-Scale Breakdown

The preceding sections of Paper A-7 have systematically dismantled the conventional assumption that
time is a primitive, universally flowing parameter. Within the CUWF framework, time has instead been
shown to emerge locally from collapse dynamics, entropic curvature gradients, and the regulation of
effective degrees of freedom. Temporal speed, directionality, dilation, freezing, and apparent
reversibility are therefore not fundamental properties of spacetime, but contextual outcomes of how

collapse events are distributed, coupled, and perceived.

Section 9 marks the transition from ordinary and relativistic temporal regimes to one of the most
extreme tests of any theory of time: black hole horizons. The question is no longer merely how time

slows or varies, but what happens when the structural conditions required for time itself begin to fail.

In conventional general relativity, the horizon is treated as a geometric boundary in spacetime
associated with extreme redshift, apparent freezing, and eventual singular behavior. CUWF
approaches the same regime from a different ontological layer. The relevant issue is not whether time
stretches geometrically, but whether collapse nodes can still sustain distinguishable, relationally

anchored temporal sequencing under extreme entropic dominance.

This section therefore reconstructs black hole horizon physics in collapse-theoretic terms. It shows how
entropic gradient collapse degrades temporal articulation, why frozen time is an observer illusion
rather than a physical fact, how collapse nodes are progressively extinguished, how this degradation
can be organized into a four-zone entropic time structure, and why singularities and horizon paradoxes

dissolve once time is recognized as conditional rather than universal.
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9.1 Entropic Gradient Collapse at the Horizon

In conventional general relativity, the event horizon of a black hole is defined as a geometric boundary
in spacetime beyond which causal signals cannot escape. From the perspective of a distant observer,
time appears to slow and ultimately freeze at this boundary, giving rise to the familiar frozen-time
interpretation. CUWF rejects this description at its foundation. The apparent breakdown of time near a
horizon is not a geometric effect and not a direct consequence of spacetime curvature itself. It is a

dynamical outcome of extreme entropic gradient collapse.

Within CUWF, temporal progression is generated by the sequencing of collapse events driven by
entropic curvature gradients, denoted VRE. Near a black hole horizon, the entropic gradient does not
merely become large. It steepens toward a critical regime in which collapse events become

overwhelmingly biased in one direction. Collapse does not cease, but its structure is reorganized.

As a system approaches the horizon, the effective degrees of freedom N_eff rapidly diminish. Collapse
events increasingly project states into highly constrained configurations, reducing the availability of
distinguishable post-collapse outcomes. Temporal generation, which depends on the availability of
successive distinguishable collapse states, therefore degrades—not because gravity slows time

directly, but because the collapse network loses dimensional richness.

This regime produces a characteristic asymmetry. Collapse density may increase while temporal
resolution collapses. From the perspective of an external observer, the system appears frozen at the
horizon because observable state transitions fail to propagate outward in a synchronizable way.
Internally, however, collapse continues along entropic descent pathways, but these pathways no

longer support bidirectional relational anchoring with external reference frames.

In CUWF terms, the horizon is not fundamentally a boundary of spacetime. It is a collapse phase-
transition surface. It marks the point at which entropic gradients become so dominant that collapse

trajectories decouple from external synchronization structures. Temporal coherence across the horizon
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fails, not because signals are mysteriously blocked by geometry, but because collapse compatibility

between regions of radically different entropic curvature is lost.

Crucially, this interpretation eliminates any need for singular temporal behavior. Time does not need to
slow to zero, diverge, or reverse. Instead, temporal generation becomes locally defined and globally
non-synchronizable. What appears as frozen time is the loss of shared collapse reference rather than

the cessation of physical process.

The black hole horizon is therefore not an exception to CUWF time theory. It is the most extreme

realization of a general principle: time degrades when entropic gradients overwhelm collapse diversity.

9.2 Why Frozen Time Is an Observer lllusion

The notion that time freezes at the event horizon originates from a coordinate-dependent interpretation
in general relativity. In Schwarzschild coordinates, signals emitted by an infalling system appear
increasingly redshifted and delayed, asymptotically approaching stasis at the horizon. This
mathematical behavior has often been elevated into an ontological claim that physical time itself halts
at the boundary. CUWF identifies that conclusion as an observer illusion arising from synchronization

failure, not from intrinsic temporal cessation.

Within CUWF, time is not an external parameter that can literally be slowed or stopped. Temporal
experience and physical sequencing arise from collapse events and from the relational anchoring of
those events between systems. For an external observer, the appearance of frozen time near the
horizon reflects the progressive loss of shared collapse reference between the observer and the
infalling system. As entropic curvature gradients diverge, collapse trajectories inside and outside the

horizon cease to remain mutually synchronizable.

The illusion of freezing therefore emerges from desynchronization rather than from temporal

deceleration. Observable signals fail to update not because internal processes halt, but because
]

© 2025 CHAYUT TECHASAMRAN 91



WV

% Paper A-7: CUWF Time Theory www.cuwfcosmos.com

collapse-generated state transitions no longer project into the observer’s relational frame. The observer
continues to sample collapse events in their own entropic regime, while the infalling system transitions

into a different collapse topology dominated by steep entropic descent.

CUWEF predicts no privileged observational frame in which true frozen time occurs. The apparent
asymmetry—where the external observer sees freezing while the infalling system does not experience
a corresponding halt—reveals that frozen time is not a physical phenomenon but a breakdown of
relational coupling. Time appears frozen only when one insists on a global clock shared across

incompatible collapse regimes.

This reinterpretation dissolves a long-standing tension in horizon physics. There is no contradiction
between continued internal dynamics and external observational stasis. Both perspectives are locally
valid within their own collapse networks, yet neither licenses a universal statement about time itself.

The paradox arises only if one assumes that time must remain globally synchronized.

Frozen time is therefore best understood as a coordinate artifact promoted to ontology. CUWF restores
physical clarity by reducing it to an emergent observational effect: the consequence of collapse
incompatibility across extreme entropic gradients. What freezes is not time itself, but the observer’s

ability to remain temporally coupled to the system crossing the horizon.

9.3 Extinguishing of Collapse Nodes

Within the CUWF framework, temporal progression requires the sustained activity of collapse nodes—
localized regions in which distinguishable post-collapse states can be generated, registered, and
relationally anchored. These nodes form the minimal infrastructure necessary for temporal sequencing.
The breakdown of time near black hole horizons can therefore be traced to a precise dynamical

mechanism: the progressive extinguishing of collapse nodes under extreme entropic gradients.
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As a system approaches the horizon, the entropic curvature gradient VRE steepens beyond the
regime in which collapse nodes can maintain multi-directional relational connectivity. Collapse events
may continue to occur, but they increasingly funnel states into a narrow entropic descent channel. The
collapse node does not vanish instantaneously. It undergoes functional collapse, losing the capacity to
generate distinguishable successor states that can be referenced internally or externally across

multiple relational axes.

This extinguishing process is driven primarily by the rapid reduction of effective degrees of freedom.
As N_eff decreases, the branching structure of the collapse network thins. Successive collapse
outcomes become increasingly degenerate, collapsing into near-identical configurations. Once the
diversity of post-collapse states falls below a critical threshold, the node can no longer support
temporal differentiation. At that point the collapse node ceases to function as a temporal generator

even though physical evolution continues along entropic descent pathways.

It is essential to distinguish between collapse activity and collapse nodality. Collapse activity may
persist as irreversible entropic smoothing, but nodality—the capacity to define temporal ordering
through distinguishable events—can vanish. Time does not stop in the sense of a moving clock being

paused. Rather, the system exits the structural regime in which time can be meaningfully defined.

This explains why time degradation near the horizon is neither abrupt nor singular. Collapse nodes are
extinguished progressively as entropic gradients intensify, producing a layered temporal breakdown
rather than a sharp boundary. Different relational subsystems may lose temporal functionality at
different rates, depending on their internal structure, coupling strength, and residual degrees of

freedom.

From this perspective, the horizon corresponds to a nodal extinction front rather than a geometric

surface in spacetime. Beyond that front, collapse continues without temporal articulation. What remains
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is sequence-free evolution dominated by entropic descent and inaccessible to temporal reconstruction

by either internal or external observers.

The extinguishing of collapse nodes therefore provides the missing dynamical bridge between the

observer illusion of frozen time and the deeper collapse-based restructuring of temporal generation.

9.4 Four-Zone Entropic Time Structure

The collapse-based mechanisms described in Sections 9.1-9.3 imply that the breakdown of time near
a black hole horizon is neither binary nor abrupt. Instead, CUWF predicts a graded entropic structure
in which temporal functionality degrades progressively as entropic curvature gradients intensify and
effective degrees of freedom diminish. This graded structure can be organized into a four-zone

entropic time architecture.

The purpose of the four-zone model is not merely descriptive. It provides a systematic classification of
how temporal coherence, distortion, decoupling, and extinction arise under increasing entropic
dominance. Rather than treating the event horizon as a single sharp boundary separating time from no

time, CUWF treats the entire horizon region as a structured transition across multiple collapse regimes.

9.4.1 Interpretive Overview

Before introducing the mathematical characterization, its physical meaning should be stated plainly. In
CUWEF, time is not primitive. It exists only when collapse events can be organized into distinguishable,
relationally anchored sequences. The four-zone structure classifies regimes according to whether that

organizational capacity remains intact, degrades, or disappears.

Zone | — Temporal Coherence

Far from the horizon, entropic gradients remain moderate, effective degrees of freedom remain high,

and collapse nodes maintain full relational connectivity. Collapse events generate richly
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distinguishable outcomes that can be anchored across surrounding systems. Temporal sequencing is
robust, synchronization across observers is possible, and time behaves in the familiar ordinary sense.
This zone corresponds to standard astrophysical environments and serves as the reference regime for

temporal coherence.

Zone || — Temporal Distortion

As systems move toward the horizon, entropic curvature gradients steepen and begin to bias collapse
trajectories. Collapse nodes remain active, but relational anchoring weakens. Time continues to exist
internally within subsystems, yet synchronization across regions becomes unstable. Severe time
dilation, strong redshift, and desynchronization effects appear here—not because time slows

absolutely, but because relational coherence degrades.

Zone Ill — Temporal Decoupling

Beyond a critical entropic threshold, effective degrees of freedom fall below the level required to
sustain collapse nodality. Collapse activity continues, but it no longer generates distinguishable
temporal markers. Time does not slow further or freeze in a literal sense. It ceases to be definable.

Evolution proceeds without temporal articulation, dominated by sequence-free entropic descent.

Zone IV — Entropic Stillness

In the deepest entropic regime, collapse smoothing approaches maximal homogeneity. Gradients
flatten locally, distinctions vanish, and no collapse nodes remain. This zone is not a singularity and not
an infinite temporal dilation. It is a post-temporal attractor state. Physical processes may persist only as

non-sequential transformation without temporal order.

Interpretive Note — Why Time Exists, Distorts, and Disappears Across Entropic Zones

The four-zone structure may appear mathematically abstract, but its physical meaning is direct. In

CUWEF, time is not a background parameter. It is a functional byproduct of collapse nodes that remain
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capable of generating distinguishable, relationally anchorable events. The inequalities defining each

zone simply encode whether this capability still exists.

In Zone |, the system possesses abundant degrees of freedom and modest entropic gradients.
Collapse events branch into clearly distinguishable outcomes, and these outcomes remain relationally
coupled to surrounding systems. Because collapse nodes remain viable, time is robust: events can be
ordered, synchronized, and compared across observers. This is the regime in which classical temporal

intuition holds.

In Zone Il, entropic gradients steepen and collapse trajectories begin to narrow. Collapse nodes
remain active, but their anchoring to external reference structures weakens. Time still exists internally,
but synchronization becomes unstable. Observers in different collapse regimes no longer agree on
temporal rates, producing effects traditionally described as time dilation. Importantly, time has not

slowed in any absolute sense—its relational coherence has degraded.

In Zone lll, the system crosses a critical threshold. Effective degrees of freedom drop below the level
required to sustain collapse nodality. Collapse events continue, but they no longer generate
distinguishable temporal markers. At this point, temporal articulation fails entirely. Time does not
become infinitely slow, nor does it halt; rather, it ceases to be definable. This regime resolves the

frozen-time paradox by revealing it as a misinterpretation of nodal extinction.

In Zone 1V, collapse dynamics reach an entropic attractor state. Gradients flatten, structural
distinctions vanish, and no collapse nodality remains. This regime is not a singularity, nor a region of
infinite curvature, but a post-temporal phase in which temporal concepts are no longer applicable.

What persists is evolution without sequence—change without time.

From this perspective, the black hole horizon does not mark a boundary where time breaks. It marks a

transition between regimes where time is structurally supported and regimes where it is not. Time

]
© 2025 CHAYUT TECHASAMRAN 96



WV

% Paper A-7: CUWF Time Theory www.cuwfcosmos.com

disappears not because physics fails, but because the structural conditions required for temporal

ordering are no longer satisfied.

9.4.2 Mathematical Characterization of the Four Zones

The four-zone architecture can be formalized as a collapse-driven phase system with mathematically
defined operators, functionals, and stability criteria. The formulation is intentionally independent of
spacetime coordinates, metric assumptions, or background clocks, ensuring compatibility with—but

non-reducibility to—classical geometric time.
I. Fundamental Evolution Equation

dU/dO = G"E[U] + J_C[U; €]

Here U denotes the CUWF relational wave configuration on the entropic substrate, O is the collapse-
depth parameter rather than physical time, G*E is the continuous entropic-flow operator, J_C is the

collapse generator, and E is the collapse trigger or stochastic field.
G E[U]1 = —V~E Q[u] — A*E U
II. Entropic Curvature and Horizon Control Variable
RME[UIX) = RAE U, V7 E U, )
g_E() = [VRE(X)
Here = denotes the entanglement deformation field, while g_E is the entropic gradient magnitude
controlling temporal degradation. Approach to the horizon corresponds to the regime g_E >> g_0.
lll. Collapse Rate, DOF Flow, and Degeneracy
A_C(x) = A0 (g_E/g_0)"p (N_eff/N_0)"q
dN_eff/do = —A_N(U, g_E), AN=0

S_deg(x) = log Q_eff(x)
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D(x) = e~ (—S_deg(x))

IV. Nodality as the Necessary Condition for Time

K0) = J_OLref Kix—y) Wiy) oy
K(x—>y) = K_0 exp( —Q f _VIVR*E| ds)
V. Emergent Temporal Rate Functional
T(x) = A_C(x) V(x)
lim_{V=>0}T=0 evenif A_C>0

This is the central CUWF result for horizon degradation: collapse may continue while time becomes
undefined. Temporal articulation depends not only on collapse activity but on the survival of nodality.
VI. Stability and Phase-Transition Criterion

VV=al—D)+b(1—K), ab>0
dv_ v/ido <0
Vx)<Vc <& V.V>Vc

This defines nodal extinction as a functional phase boundary rather than a geometric surface. The
horizon is thus reinterpreted as a transition region spanning the late-distortion and early-decoupling

Zones.

9.5 Removal of Singularities and Horizon Paradoxes

The paradoxes traditionally associated with black hole horizons—frozen time, singular temporal
behavior, information loss, and observer-dependent inconsistencies—arise from a shared foundational

assumption: that time is a universal parameter that must remain well-defined across all regions of
]
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spacetime. CUWF rejects this assumption. Once time is recognized as an emergent, collapse-

dependent construct, the paradoxes dissolve without requiring speculative fixes or auxiliary principles.

Within classical and semiclassical frameworks, singularities appear as points where physical quantities
diverge and predictive power collapses. From the CUWF perspective, these singularities are not
physical entities but model artifacts produced by forcing a temporal-geometric description into
regimes where collapse nodality has already failed. What diverges is not reality, but the applicability of

time-based representation.

The four-zone entropic time structure introduced in Section 9.4 replaces the notion of a singular
boundary with a continuous degradation of temporal functionality. As systems transition from Zone Il to
Zone lll, collapse nodes are extinguished and temporal sequencing ceases to be definable. There is
no requirement for curvature, density, or temporal rate to diverge. The apparent singularity is simply

the point beyond which time is no longer a valid organizing principle.

This framework also resolves the frozen-time paradox without privileging any observer. The paradox
arises only if one insists that a single global clock must apply simultaneously to both sides of the
horizon. CUWF shows that this insistence is unjustified. Temporal coherence is local and conditional.
External observers encounter desynchronization and signal incompleteness, while internal evolution
proceeds without temporal articulation. No contradiction exists because no universal temporal frame

exists to be contradicted.

Similarly, horizon-related causal paradoxes—such as continued infall dynamics alongside external
observational stasis—are revealed to be artifacts of incompatible collapse regimes. Once collapse
nodality is extinguished, questions framed in terms of when lose physical meaning. CUWF therefore

reframes horizon physics in terms of what structures remain dynamically active, not how time behaves.

The elimination of singularities does not require ad hoc modification of physical law, quantum gravity

speculation, or additional boundary conditions. It follows directly from respecting the domain of validity
|
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of temporal concepts. Where collapse nodality exists, time exists. Where it does not, temporal

questions are ill-posed rather than mysteriously answered.

CUWEF does not merely resolve horizon paradoxes. It prevents them from arising. By replacing
absolute temporal assumptions with a collapse-based entropic architecture, the theory renders
singularities unnecessary and paradoxes structurally impossible. Black holes become extreme but
continuous manifestations of general collapse dynamics rather than exceptional sites demanding

special metaphysics.

Transition Note — From Horizon Physics to Timeless Domains

The significance of Zone Il extends far beyond black hole horizons. Its defining feature—the extinction
of collapse nodality—does not depend on spacetime geometry, gravitational strength, or horizon
structure. It depends solely on the loss of distinguishable, relationally anchorable collapse outcomes.
This implies that timelessness is not unique to black holes, nor even to extreme gravitational

environments.

Once collapse nodality is extinguished, temporal sequencing becomes ill-defined regardless of
physical context. Questions framed in terms of before, after, or duration lose operational meaning.
What remains is a form of evolution that is real, structured, and dynamical—»but not temporal. This
observation motivates a broader inquiry: where else in the universe do such post-temporal regimes

arise?

Section 10 therefore generalizes the collapse-based understanding of timelessness developed near
horizons. It explores domains in which time never forms, temporarily disappears, or globally cycles out
of existence—not as exceptions to physical law, but as natural consequences of collapse dynamics
and entropic structure. Black holes provide the most dramatic illustration, but they are not the only

realization of a universe that can evolve without time.
]
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Section 9 Mini-Closure — Horizon Physics without Fundamental Time

Section 9 has completed the CUWF reinterpretation of black hole horizons as collapse-theoretic

regions of temporal degradation rather than geometric boundaries of frozen time. By following the logic
of entropic gradient collapse, observer desynchronization, collapse-node extinction, and the four-zone
entropic time structure, the analysis shows that horizon behavior can be understood without invoking a

universal time parameter or singular temporal pathology.

The core result is consistent across every layer of the section. Near the horizon, time does not literally
stop. What fails is the structural capacity to generate and share temporally articulated collapse
sequences. Frozen time is therefore an observer illusion, collapse-node extinction is the true dynamical
mechanism, and the apparent horizon singularities of classical theory are artifacts of applying time-

based concepts beyond their valid domain.

The four-zone framework further shows that temporal functionality degrades progressively rather than
abruptly. Temporal coherence, distortion, decoupling, and entropic stillness form a continuous
spectrum of collapse regimes rather than a binary division between ordinary spacetime and temporal
impossibility. In this way, black holes become the most extreme known realization of a principle
already established throughout Paper A-7: time exists only where collapse nodality and relational

anchoring survive.

With this, CUWF extends its reformulation of time from ordinary systems and relativistic clocks to the
edge cases that most strain conventional theory. Horizon physics no longer requires a universal clock,
temporal singularity, or geometric freezing narrative. It requires only collapse dynamics, entropic

structure, and clear recognition that time is conditional rather than fundamental.
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