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Abstract
Unified Theory of Timelessness proposes an ontological reformulation of time as an emergent

property arising when gravitational potential breaks the symmetry of an emission system’s
undifferentiated amplitude structure, inducing differential weighting across its superpositional
manifold and resolving viable phase configurations into directionally stabilized, frequency-bearing
structure—the physical basis of temporal order.

In this framework, gravitational potential indexes the local slope of phase resolution, governing the
rate at which phase resolves into stabilizable, record-forming structure at emission defined as:

a=—M og = % In(1 + 2a) e"‘a‘='=\/1+20c=d—t f' =f,- e%

 Re? dt

These relations are algebraically identical to the standard gravitational redshift law.

The geometric spacetime interval: ds? = g, dx"dx", defines the local rule governing invariant
8u

accumulation while remaining fundamentally indifferent to the primitive quantity underlying that
accumulation.

General Relativity treats this invariant through proper time t defined by:

dr? = -5 ds? = —= g, dx"dx"

CZ
Within this framework, proper time parameterizes phase accumulation along a worldline through the
action principle. UTT instead takes phase accumulation as primary from which temporal order
emerges through the stabilization, inheritance, and relational comparison of oscillatory cycles.

The asymmetry introduced at emission establishes the origin of time’s arrow as stabilized phase
becomes encoded within irreversible record-forming correlations. Unitary Hamiltonian evolution
thereafter provides continuity; however, global temporal order requires mutual comparability across
coupled many-body degrees of freedom.

Thermodynamic irreversibility becomes embedded across interacting many body systems capable of
preserving persistent records. Entropy fixes the thermodynamic arrow of time, but its direction is
inherited from the earlier asymmetry established at formation prior to any ensemble capable of
preserving it.

Time is neither fundamental nor singular in origin. It emerges through a compound structure in which
phase is first constrained, then stabilized, and finally rendered comparable across systems. This
correspondence reveals a unified architecture in which the exponential indexing formalism of UTT
and the square-root relational formalism of GR are not competing descriptions, but domain-specific
representations of a shared scaling law.



Within this compound architecture, UTT describes the formation regime in which gravitational
constraint delimits the admissible phase configurations that can stabilize into oscillatory structure. GR
describes the relational regime in which those stabilized phase histories are compared across
spacetime. Time dilation is thus the observable consequence of differences in formation-indexed
phase structure made accessible through relational comparison.

The apparent divide between geometry and microphysics dissolves under this synthesis. What
appears as spacetime curvature in General Relativity corresponds, at a deeper interpretive level to
coherence-indexed constraint within UTT. The two formalisms describe the same invariant scaling
relations at different stages of physical construction: one governing how temporal structure is
relationally compared across frames, the other governing how admissible phase structure is formed
and stabilized prior to that comparison.

Crucially, the invariant structures themselves remain preserved and do not privilege either
framework. The four-fold permissive structure—the invariant spacetime interval, the action principle,
dual mathematical representations, and empirical equivalence—permits multiple lawful interpretations
while rigorously constraining what remains physically admissible. Within this constrained interpretive
space, phase-based emergence appears as a uniquely qualified candidate consistent with the
underlying invariant architecture.

What is primary—time, or the physical structures from which temporal order is constructed? If the
formalism permits both, and experiment does not distinguish between them, then the question is no
longer mathematical but foundational. Both descriptions remain lawful, admissible, and empirically
complete within their respective interpretive domains.

In this sense, ontological indeterminacy is not a defect of invariant formalism but a direct
consequence of its generality. Invariant structure constrains the admissible physical relations that
must remain preserved across all valid descriptions while permitting multiple internally consistent
realizations of those relations. Within this interpretive freedom, UTT emerges as a complementary
realization to established theory: a lawful reconstruction grounded in the formation, stabilization, and
relational comparison of phase under gravitational and relativistic constraint.

Time is therefore not uniquely dictated by relativistic formalism; it is one admissible construction
among others permitted by the invariant structure.

The invariant underdetermination embedded within the mathematical structure of physical law fixes
what must remain physically conserved, relationally consistent, and empirically recoverable across all
admissible descriptions, while remaining fundamentally indifferent to the ontological interpretation
through which those relations are realized. UTT explores one such permissible realization—extending
the underdetermined interpretive structure while remaining rigorously anchored to the same
empirical observations, invariant symmetries, and mathematical constraints that govern established
physical theory.
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I. Introduction
The foregoing discussion is presented as a high-level exposition designed to establish the overarching

conceptual arc. The analysis that follows incrementally introduces additional structure and context,
allowing the framework to be systematically refined and resolved.

General Relativity does not require a metaphysical commitment that time is fundamental. Its claim is
more precise and operationally constrained: along any timelike worldline, there exists an invariant
quantity—proper time—that parameterizes physical processes. This invariant is defined through the
spacetime metric g,,,, which determines the interval:

ds® = g, dx"dx"

The spacetime interval ds? is the invariant measure of separation between events, combining
temporal and spatial differences into a single quantity agreed upon by all observers, regardless of
their frame of reference.

The metric g,,, fixes the rule for combining infinitesimal separations along a worldline; integration of

these intervals yields an accumulated invariant quantity. Within GR, this accumulated quantity is
interpreted as proper time for timelike trajectories.

At the level of the invariant structure itself, however, the formalism constrains how accumulation
proceeds without uniquely fixing the ontological status of what is accumulating. The interval defines
the rule of accumulation, while its physical interpretation—whether as temporal duration or
otherwise—enters as an additional assignment consistent with that structure.

GR proceeds by assigning a specific physical interpretation to this accumulation for timelike
trajectories, identifying it with proper time:

dt? = —= ds? = —Ciz g,y dx*dx”

where 7 is the time measured by a clock carried along that worldline. In a weak, stationary

2GM
Rc?

proper time dt to the coordinate basis time dt for a clock at radial distance R from a center of mass
M [Misner Thorne Wheeler 1973; Will 2014]. In this limit, the factor /1 — 2GM/Rc? is less than one,
indicating that proper time accumulates more slowly in stronger gravitational potentials.

gravitational field, the spacetime relation reduces to: dt = |1 —

dt, relating the locally measured

This is often described as an operational definition of time: time is what a clock measures. Properly
understood, however, this does not imply that clocks access an independently existing “flow of time.”
Rather, GR makes a more concrete statement: the spacetime metric determines the rate at which
physical processes unfold by fixing how much proper time accumulates along a given worldline.
Differences in gravitational potential or relative motion therefore produce real, measurable



differences in the rate of physical evolution reflected in the unequal accumulation of proper time
between systems.

Proper time is not introduced as a substance or dynamical entity. It is a geometric invariant, defined
along timelike worldlines by the metric structure of spacetime. Its “accumulation” is not a physical
process in itself, but a mathematical statement about the interval rate of change between events.
Clocks enter only as realizations of this structure. The metric defines how proper time is assigned
along a worldline; clocks are systems whose internal phase evolution can be consistently
parameterized by that assignment.

In this context, the spacetime metric determines the rate at which proper time accumulates along a
worldline, and the tick rate of any ideal clock is identified as a function of that proper time. The
metric supplies the invariant rule governing this accumulation, and clocks instantiate it through
stable, repeatable processes. This is a literal, quantitative statement: two identical clocks following
different paths through spacetime will accumulate different amounts of proper time. GR therefore
provides a precise mapping between spacetime structure and the rate of physical evolution. If a
physical system behaves like a clock, its evolution will be proportional to proper time.

Frequency is therefore defined as the rate of phase accumulation per unit proper time, such that
oscillatory behavior is parameterized by 7. Within this framework, proper time occupies the primary
ontological role as the accumulating invariant, and phase evolution is defined relative to it.

This separation is subtle but decisive. GR does not derive time from the behavior of clocks; it
proceeds in the opposite direction. The theory first defines an invariant quantity—proper time—
through the spacetime metric and only then identifies clocks as physical systems whose evolution
tracks that quantity.

A system qualifies as a clock if its internal evolution—typically oscillatory—remains sufficiently stable
such that its phase progression can be mapped monotonically onto proper time. In this role, the
physical process does not define the temporal parameter; it is indexed by it. The direction of
dependence is fixed: proper time parameterizes phase evolution.

Proper time does not emerge from physical dynamics; it is defined geometrically by the spacetime
metric as an invariant along timelike worldlines. Physical systems do not generate this structure; their
evolution is permitted only insofar as it remains consistent with it. Clocks are therefore not sources of
time, but systems whose internal dynamics remain sufficiently stable to track the accumulation of this
invariant quantity proper time.

The critical implication is that General Relativity presupposes the existence of physical systems
capable of sustaining internal dynamics whose degrees of freedom remain stably coupled to the
invariant structure defined by the metric. The theory specifies how proper time is assigned, but not
the physical conditions under which such coupling is maintained.
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This relationship is formalized through the action principle, which governs the evolution of systems
along worldlines parameterized by proper time. Yet the action encodes the rule of evolution, not the
origin of stability: it assumes the persistence of dynamics that remain compatible with the invariant
structure, without specifying the mechanism that enforces that compatibility. The action principle
governs evolution under the invariant; it does not explain why physical systems remain capable of
evolving under it.

In this sense, proper time functions as an ordering constraint: it determines whether internal degrees
of freedom can evolve in a stable, accumulative form. Systems whose phase evolution remains
dynamically consistent with this constraint exhibit sustained, clock-like behavior; those that do not
cannot support ordered accumulation.

This is the first indication that the invariant structure may admit multiple ontological interpretations.
The metric enforces invariance without specifying mechanism; it imposes only a single condition: that
physical evolution must remain sufficiently stable to admit a consistent, monotonic ordering along a
worldline where 7 is identified with the time measured by a clock carried along that trajectory.

This condition accomplishes two things simultaneously. First, any system that satisfies it, admits a
well-defined proper-time parameterization. Second, it sharply delimits the space of admissible
physical configurations: systems that fail to maintain this stability cannot sustain clock-like behavior.
They lack the capacity for ordered accumulation and therefore fall outside the domain in which time
is operationally defined.

The operational success of timekeeping therefore rests on the ability of physical processes to
maintain coherence under this constraint condition. Within GR, this condition is formalized through
the action principle, in which the evolution of a system is governed by an invariant defined along its
worldline. For massive systems, this invariant reduces to proper time, such that the action takes the
form S = —mc? T, establishing proper time as the parameter that governs the rate of physical
evolution [Landau & Lifshitz 1975].

Clocks, in this framework, are systems whose phase evolution—through their intrinsic frequency—is
governed by the rate at which proper time accumulates. Their behavior reflects a fundamental
constraint imposed by the spacetime metric: physical processes evolve at rates fixed by this invariant
structure, such that the accumulated phase of a clock is proportional to the proper time along its

worldline. A clock ticks at the rate set by proper time; its phase evolution is proportional to .

This immediately introduces a subtle physical condition: the requirement for timekeeping does not
access a pre-existing temporal substance at the point of experiment, but the existence of internal
dynamics whose oscillatory phase evolution can evolve coherently and monotonically at the rate
which proper time accumulates. When this stability is maintained, clock-like behavior emerges as well
defined mapping between phase progression and a temporal ordering parameter. When it is not, that
mapping fails, and with it the operational meaning of time breaks down.
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In General Relativity, time is operationally identified with proper time—an invariant ordering
parameter defined along timelike worldlines. The spacetime metric determines how this parameter
accumulates, thereby fixing the rate of physical evolution for systems whose internal dynamics
remain sufficiently stable to track it.

This captures the essential introduction to the geometric context of clock comparison within GR. It is
precisely at this nexus that UTT develops the complementary perspective whereby the invariant

structure given by: /1 - %, also admits an equally admissible interpretation given by the relation

2GM
Rc2

indexing of frequency and wavelength at formation, after which the system proceeds under unitary
evolution until comparability upon resolution.

1—

= e%. In the UTT, gravitational potential imposes a constraint condition on the spectral

The Action Principle Linking Proper Time to Phase
In classical and relativistic mechanics, physical trajectories are defined by equations of motion that

trace paths along worldlines, with proper time serving as the natural parameter indexing that motion.
Operationally, clocks measure proper time, and in General Relativity, time is treated as the invariant
quantity associated with motion along a timelike path.

In GR, the action principle provides the bridge between the invariant quantity proper time and
quantum phase by supplying a parameterization-invariant scalar from which both classical trajectories
and quantum phase accumulation are derived. For a free massive particle under classical and
relativistic mechanics, the action accumulated along a worldline is proportional to the proper time
experienced along that path, establishing proper time as the natural geometric parameter associated
with physical motion [Landau & Lifshitz 1975; Misner Thorne Wheeler 1973].

In quantum theory, this action accumulated along a worldline includes phase: phase accumulation is
proportional to the action such that observable frequency arises from differences in accumulated
proper time. Here the action is proportional to proper time, the rate of phase accumulation is set by
the rate at which proper time accrues. This establishes a direct structural correspondence between
proper time and phase evolution.

The invariant interval supplied by the spacetime metric determines how much proper time accrues
along a path; the action encodes that accumulation; and phase evolves as a function of that action
proportional to proper time. The significance of this correspondence is that it links the geometric
invariant of GR to the dynamical phase of quantum mechanics through a single scalar quantity.

In quantum theory, the same action governs phase accumulation, such that observable interference
depends on differences in accumulated action expressed as phase [Dirac, 1933; Feynman and Hibbs,
1965]. This establishes a direct structural correspondence between proper time and phase evolution
without requiring them to be treated as fundamentally distinct kinds of invariant quantities.
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Within the standard interpretation, proper time is taken as primary and phase is defined relative to it.
The causal chain is then straightforward: the spacetime metric determines how much proper time
accrues along a trajectory, the action "S" encodes that accrual, and quantum dynamics express the
corresponding phase history. What matters for the present argument, is that the action principle itself
is reparameterization-invariant. The formalism fixes the invariant relationship among metric interval,
but does not compel the ontological choice that proper time must be the primitive scalar while phase
remains secondary. That hierarchy is interpretive rather than algebraically forced.

The only stipulation on either interpretation is that any potential invariant quantity must lawfully scale

2GM
Rc2

with the underlying metric that determines the rate of proper time dt = |1 — dt—equivalently,

with the gravitational potential expressed through a = —GM/Rc?. Under this requirement, the
distinction becomes physically meaningful. If proper time is taken as the invariant, gravity remains a
geometric descriptor, specifying the relative accumulation of intervals without prescribing a
mechanism for the modulation of oscillatory processes. If, instead, phase is taken as the invariant,
gravitational potential acquires dynamical significance as a constraint on phase accumulation,
regulating the locally accessible rate of unitary evolution.

Operationally, atomic clocks measure proper time by counting phase cycles of quantum transitions.
The metric determines the accrued proper time along a worldline, the action encodes that
accumulation, and quantum dynamics express it as phase. In the UTT, the same structure is read in
the inverse direction: phase accumulation is taken as primitive, and proper time is recovered as the
relational measure indexing that accumulation. The action does not disappear from the formal
correspondence, but is reinterpreted as a derived summary of accumulated phase relationships rather
than a fundamental generator of dynamics. In this sense, time emerges as a natural consequence of
coherence-regulated phase accumulation under gravitational constraint.

An apparent circularity arises when these orderings are combined. Proper time is treated as primitive
while simultaneously being operationally realized through phase-counting systems, yielding a self-
referential closure: v — ¢ 0 — 7.

This establishes a linear asymmetry in the invariant structure:

parameterizes

N S - U071 & UlT:e"s—> ¢ — 1

Rc?

GR: [1-—

Within the UTT, this self-referential condition is removed by adopting a consistent ordering in which
phase accumulation is taken as the primitive invariant and proper time emerges as its relational
measure. Neither the invariant quantity nor the action principle enforces a necessary ontological
choice between these representations. The apparent asymmetry between geometric time and
quantum phase therefore reflects a choice of representation rather than a fundamental distinction.



One choice leads to circularity, wherein time is defined by the very phase processes it is used to
parameterize. The alternative yields a linear, non-circular structure in which phase, frequency, and
time are coherently related. UTT adopts the latter, grounding both descriptions in a single invariant
structure and restoring a consistent, non-circular relationship between phase accumulation,
frequency, and time under gravitational constraint.

Principle of Ontological Underdetermination of the Invariant Structure
Already within its foundational framing, UTT identifies a set of interpretive degrees of freedom

embedded within the combined GR—QM formalism that permit multiple, lawfully equivalent
descriptions of physical reality. These degrees of freedom demonstrate that the formal structure of
GR is not ontologically closed but instead admits multiple internally consistent orderings of physical
description without altering empirical predictions.

This interpretive latitude is grounded in a deeper structural feature of the formalism. Gravitational

scaling admits equivalent representations in both geometric form: [1 - %, and exponential form:

e. This dual representation establishes a lawful mapping between descriptions, providing an
operational bridge between geometric and quantum formulations. Once this equivalence is
recognized, the remaining interpretive freedoms follow as direct consequences of the formal
structure.

First, the invariant quantity ds? is required only to scale consistently with gravitational potential
through this factor; the formalism fixes the transformation law but does not uniquely privilege which
physical quantity—proper time or phase—is to be regarded as fundamental. Both satisfy the required
scaling behavior and reproduce identical observational outcomes.

Second, the action principle, being reparameterization-invariant, does not privilege a unique
dynamical variable. It constrains the evolution of the system but does not determine which quantity
is taken to accumulate along a worldline, thereby permitting alternative but equivalent
parameterizations of physical evolution.

Third, the mathematical structure admits dual interpretation without modification of its domain
appropriate predictive content. The same formal relationships can be expressed in geometric terms,
as metric-dependent proper time accumulation, or in phase-based terms, as exponential modulation
of coherent evolution. These representations are formally equivalent and empirically
indistinguishable.

Fourth, modern metrology remains operationally agnostic. High-precision timekeeping ultimately
reduces to phase accumulation in oscillatory systems, yet is conventionally interpreted in terms of
proper time. Empirical analysis does not adjudicate ontology; it interrogates invariant quantities and
their transformations. The formalism itself does not resolve whether proper time or phase coherence
is the more fundamental description, leaving both interpretations empirically viable.
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Taken together, these four-fold features establish a principle of ontological underdetermination: the
invariant structure of physical law does not uniquely determine its ontological interpretation. Multiple
internally consistent orderings of description—whether geometric or phase-based remain equally valid
at the level of prediction. The distinction between them is therefore not empirical, but structural and
interpretive.

UTT proceeds by advancing a coherence-centered ordering as a reorganization of the same invariant
structure, in which phase evolution and coherence stabilization are treated as primary, and temporal
quantities emerge as derived relations.

Constructing Global Time
Modern metrology has reached precision at the 10718 level, and what is directly accessed at that

scale is observable phase. In this context, the interpretive choice may be framed as follows.
Retaining the standard GR interpretation rests on its extensive empirical and theoretical success;
however, it preserves a self-referential feature in which proper time is operationally defined through
the phase processes it parameterizes. Adopting the UTT interpretation aligns directly with
metrological practice by treating phase as the primary observable; the associated risk is this apparent
circularity reflects a structural feature of relational frameworks rather than an inconsistency requiring
elimination.

Modern timekeeping is already phase-forward in practice. Every time standard is a frequency
standard; every frequency standard is a coherent oscillation; and every oscillation is an accumulation
of phase. Empirically, what is accessed is phase. UTT extends this metrological foundation by
addressing the conditions under which phase accumulation becomes globally shareable as time.

Global time does not arise merely from the unitary propagation of phase through spacetime. It
becomes physically meaningful only when distributed phase histories can be stabilized into coherent,
transferable records across interacting degrees of freedom capable of coupling to and redistributing
phase. GR computes invariant intervals along individual worldlines; UTT introduces an additional
constructability condition under which those intervals become mutually accessible as clocks within a
shared temporal structure.

Within UTT's spectral formalism, a block-shifted conjugate Jacobian pairing of frequency and
wavelength—indexed at emission—propagates under standard quantum unitary evolution.
Conservation laws remain intact, and no intrinsic oscillator is dynamically retuned during propagation
through varying gravitational potential ®. A vast distribution of such unitary excitations, however
extensive, does not by itself constitute globally shareable time. Rather, this unconstrained
propagation of phase represents a pre-temporal condition: the ontological ground state in which
phase evolves, but has not yet been stabilized into a shared temporal manifold.

Time, in this account, is the macroscopic manifestation of statistically successful global phase
stabilization within a dynamically coupled entropic domain. UTT therefore elevates coherent unitary
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phase evolution to primary status, interprets gravitational redshift as a constraint on the locally
realizable slope of phase at emission, and treats propagating phase histories as the underlying
substrate from which globally shareable temporal structure emerges.

The Compound Construction of Time
UTT presents the construction of time at the scale of lived experience as a compound metrological

process [Rovelli 2018, Dorato 2013]. In the first instance, phase emerges at emission with its
characteristic Jacobian configuration of frequency and wavelength. This phase structure constitutes
the ground state of time: it is physically capable of generating time, yet does not by itself produce a
shared temporal framework. Unitary phase propagation alone remains distributive and unconstrained,
but lacking the structural conditions required for global temporal realization.

The second condition for the construction of time is the presence of an entropic manifold. This
manifold consists of a dynamically coupled ensemble of interacting degrees of freedom capable of
receiving, redistributing, and stabilizing phase information. It is within such a manifold that phase
ceases to remain isolated and begins to participate in collective behavior. Environmental coupling,
scattering, and interaction promote the redistribution of phase across the system, enabling local
phase histories to influence one another.

Time at the scale of lived experience emerges when myriad locally lawful phase histories can be
jointly stabilized into mutually accessible records. Mutual stabilization is therefore the necessary
metrological condition. Without it, evolution remains unitary and monotonic, but no shared temporal
reference is assembled.

Within the UTT framework, this stabilization is conditioned by gravitational potential ®, which
constrains phase at both emission and resolution. All emission events and all resolution processes
occur within a defined, nonzero ®. Between these events, phase propagates unitarily under standard
quantum evolution.

Accordingly, unitary phase propagation alone does not constitute time. Time becomes physically
meaningful only at points of resolution within an entropic manifold where phase histories can be
stabilized into collectively accessible structure. All observable resolution occurs within a nonzero O,
and it is under these conditions that phase histories become stabilizable into shared temporal
structure.

Within the entropic manifold, phase evolution becomes statistically constrained through interaction
and entanglement. Phase slopes, initially distributed across independent trajectories, are
progressively homogenized under shared coupling conditions. When this process succeeds, phase
evolution becomes collectively accessible and irreversible. It is precisely this rate of instantaneous
ensemble stabilization that underwrites what we perceive at the scale of lived experience as the
passage of time.

12



In ordinary environments, excitations scatter, degrees of freedom couple, and phase information is
redistributed across large Hilbert subspaces. The Earth exists within a dense field of distributed
excitations spanning electromagnetic, particle, and gravitational modes. Across the electromagnetic
spectrum, radiation arrives continuously from radio to gamma frequencies, while charged particles—
from solar wind protons and electrons to relativistic cosmic rays interact with the atmosphere,
generating cascades of secondary particles.

In ordinary physical environments, the universe appears overwhelmingly rich in excitation and
environmental coupling is ubiquitous. At first glance, this abundance might suggest that the
conditions required for time are already universally satisfied—if time is tied to phase and oscillatory
behavior. After all, frequencies are everywhere, and phase evolution is continuous. It is therefore
natural to assume that such spectral richness would be sufficient to produce a globally shared
temporal structure.

Yet abundance of excitation does not imply temporal closure, not yet. White light provides a clear
illustration: a wide distribution of frequencies can coexist within a shared propagation structure
without forming a phase-locked system. Broadband spectral content does not involve coherence
during unitary evolution. By contrast, stable phase relationships across distributed degrees of
freedom requires coherence, not merely the presence of multiple frequencies. Even in ordinary
perception, the appearance of color reflects selective spectral interaction rather than global phase
closure. Temporal closure is therefore not a consequence of spectral abundance, but of successful
phase stabilization under sufficient coupling.

What is metrologically defensible is more precise. The richness of environmental coupling can
statistically promote ensemble-level phase stabilization under sufficient mixing conditions. In such
rich environments, distributed phase histories do not remain indefinitely isolated. Through continual
interaction and mixing, phase slopes are statistically driven toward ensemble-level homogenization.
Where sufficient coupling enforces synchronization, phase evolution becomes collectively shareable.

Shared time standards emerge when oscillatory systems are embedded within common coupling
structures that allow phase relationships to stabilize into transferable records. Spectral richness is the
operative condition for stabilization. Only at this point does a shared temporal reference emerge.

This stabilized ensemble rate underwrites what operational practice identifies as proper time. More
personally, it is the instantaneous rate at which this ensemble-level phase stabilization is maintained
that determines the rate of time passing at the scale of lived experience. Where stabilization is
uniform and sustained, time appears steady; where the conditions of stabilization are altered, the
effective rate of phase accessibility—and thus the rate of time shifts accordingly.

Without such stabilization, phase continues to evolve lawfully under unitary dynamics, but no shared
temporal rate is established. Time, as experienced, is therefore not a direct consequence of phase
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evolution itself, but of the rate at which phase histories are collectively stabilized into mutually
accessible structure.

Relational Time
UTT provides a brief, idealized illustration of gravitational time-dilation principles by relating the

familiar experience of one 24-hour Earth day to corresponding rates of temporal accumulation on the
Moon and the Sun. The comparison is explicitly relational: Earth serves as the reference frame for
lived duration, while the Moon and Sun provide contrasting gravitational environments against which
differences in temporal rate can be expressed.

Using the locked relations evaluated at the surface of each body:

a:—s—clvi O(g=1/21n(1+20() e“g=w/1+2a =dt’/dt f’=f0-e°‘g

The resulting scaling factors are:

Body a Qg et

Earth: —6.9613 x 1071 —6.9613 x 1071° 0.9999999993038688
Moon: —3.1406 x 10711 —3.1406 x 10711  0.9999999999685939
Sun: —2.1226 X107  —2.1226 x 107 0.9999978774309929

Within this model, the Moon’s weaker gravitational potential yields a slightly higher local rate of
temporal accumulation than Earth’s, while the Sun’s much deeper gravitational well yields a lower
one. Relative to a single 24-hour Earth day, a clock on the Moon would accumulate approximately
57.4 microseconds more than an Earth clock, whereas a clock at the Sun’s surface would accumulate
approximately 0.18333 seconds less.

Stated equivalently in terms of local duration: if each environment is assigned a “day” consisting of
the same 24 local hours, then a Moon day would complete about 57.4 microseconds sooner than 24
Earth hours, while a Sun-surface day would require about 0.18333 seconds longer than 24 Earth
hours. The Moon therefore stands as a case of slightly faster temporal progression relative to Earth,
while the Sun represents a case of gravitationally suppressed temporal progression.

This example is intentionally idealized. It uses only surface gravity, as determined by each body’s M
and R, and neglects rotational effects, orbital motion, and the gravitational influence of other bodies.
Its purpose is not astrophysical completeness, but conceptual clarity to show in familiar relational
terms how differences in gravitational potential correspond to measurable differences in the rate at
which a day is physically accumulated.
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1. What Any Viable Account of Emergent Time Must Respect
Any physically meaningful account of emergent time must operate within constraints imposed by

direct experimental evidence. Across more than a century of precision tests—from gravitational
redshift measurements to relativistic clock comparisons, experimental results have exhibited
remarkable consistency. Time is never observed as a standalone dynamical entity independent of
physical processes. Instead, it is empirically reported through phase, frequency, and rate measured
relationally between oscillatory systems subjected to differing gravitational potentials and states of
motion.

No experiment detects time independently of physical processes used to operationally define it. What
is detected, measured, and reported within the interpretive framework of General Relativity are
correlations between gravitational frames involving the accumulation of proper time as a geometric
invariant, manifested macroscopically as time dilation and interpreted as the accumulation of time
along worldlines.

GR predicts differential rates of proper-time accumulation between gravitational frames, encoding
these differences geometrically without specifying the microscopic mechanism of clock periodicity.
Quantum Mechanics, by contrast, governs the local phase evolution of a unitary quantum state,
preserving coherence and conservation at the most fundamental level. Together, these frameworks
impose a strict discipline on any account of emergent time: local dynamics must remain lawful, global
conservation must hold, no signal may violate local conservation or causal structure in transit. Any
viable theory must therefore explain how ordered continuation arises between correlated physical
configurations without violating unitarity, conservation, or local dynamics.

These conditions sharply delimit the space of admissible explanations. Consider, in abstract, two
correlated physical configurations related by lawful dependence, with successive stationary
eigenmodes defined strictly by their relation to prior configurations. The central challenge is not
merely to compare such configurations, but to explain how ordered succession arises at all: how a
quantum state supports a continuous sequence of correlated configurations that propagates
intrinsically under a single governing influence. Such an account must identify a physical process of
successive accumulation in @ manner that becomes irreversible, yielding frequency as a measurable
rate and time as a locally emergent observable without presupposing time as a necessary parameter
of evolution.

This is the threshold any theory of emergent time must cross. It is not sufficient to reconstruct
temporal ordering descriptively, nor to infer succession from correlation alone. What is required is a
physically identifiable mechanism that generates ordered continuation within a relational structure
lacking explicit temporal ordering—producing succession lawfully, locally, and without introducing
temporal ordering as an unexplained auxiliary primitive.

Emergent time must therefore be observed as a constructed outcome of physical processes, not
presumed within the very framework intended to explain its emergence.
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2. Temporal Inheritance in Emergent Time Frameworks
Temporal inheritance reflects a structural bias in the architecture of physical description: the

continued use of configuration frameworks or timelike ordering dynamics originally organized around
time as the parameter of change. As a result, temporal ordering is not eliminated, but reintroduced
implicitly through inherited structural assumptions embedded in the formulation of the theory.

This subtle point is essential. If a theory of emergent time must presuppose an ordering mechanism
in order to advance correlated configuration states—independent of the process by which time itself
is said to emerge, then succession has already been implicitly imposed. In such a framework,
temporal ordering is not derived but externally encoded, and the emergence of time is reduced to a
relabeling of an underlying sequential structure. Any appeal to pre-existing order in the construction
of emergent time constitutes a hidden temporal parameter. The consequence is immediate: the
theory does not eliminate time as a primitive; it merely displaces it into the background architecture.

A consistent account of emergent time must therefore satisfy a stricter condition: Ordering must arise
from the same physical mechanism that generates the states being ordered. Only under this
condition can succession be understood as intrinsic to the dynamics, rather than imposed upon it. If
ordering must be assumed for time to emerge, then time has not emerged.

Emergence cannot be inferred from descriptive sequencing or imposed structure; it must arise
directly from non-temporal degrees of freedom internal to the system. Emergence must therefore be
operationally demonstrated from first principles, through a physically identifiable mechanism that
generates ordered succession without presupposing it.

Accordingly, an emergent framework must demonstrate an independent mechanism capable of
advancing continuity without recourse to temporal parametrization. Consider a formalism defined
over a set of configuration states. The decisive question is therefore: Does the theory construct
ordering, or observe it?

If an ordering relation is invoked in any form to advance continuity between configuration states,
then its appearance necessarily precedes the claimed mechanism of emergence. In such cases, the
formalism retains an inherited bias: temporal structure persists as an architectural remnant of prior
assumptions. The theory may formally remove time, yet continue to rely on it implicitly through the
ordering of states. Emergent time requires that ordering itself be generated from non-temporal
structure; otherwise, it remains an inherited feature of the formalism.

Modern physical formalisms are not constructed from a neutral conceptual starting point. They have
been historically canonized within a framework where time functions as the fundamental parameter
of change organizing the evolution of physical systems, the ordering of states, and the interpretation
of dynamics. This temporal parametrization is not merely a variable within the equations; it
constitutes the architectural foundation upon which physical description has been built.
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As a result, even when theoretical approaches attempt to eliminate time as a primitive—particularly in
quantum gravity and cosmology—they often continue to operate within configuration spaces and
relational structures originally formulated in temporal terms. The formalism may be modified, but the
underlying architecture—most notably the assumption that configuration states advance under an
ordering principle—remains intact. Consequently, temporal ordering reappears implicitly, not as a
derived feature, but as an inherited structural condition.

The difficulty therefore reflects the persistence of an inherited architectural constraint. Just as
combustion-based design principles initially obscured the logic of electric propulsion, temporally
organized configuration frameworks can obscure the conditions under which time might emerge from
non-temporal structure.

Progress, in this context, requires more than the formal removal of a temporal variable. It requires a
reconstruction of the configuration framework itself—one in which ordering is not presupposed
through parametrization, but arises from physically lawful processes internal to the system. Without
such reconstruction, temporal ordering remains structurally encoded and the claim of emergence
remains incomplete.

3. The Ontological Significance of (® = 0,a = 0,and f;)
The above argument establishes UTT’s central requirement: any viable account of emergent time

must provide a physically grounded mechanism that generates ordered succession from non-
temporal structure, without presupposing temporal ordering in the advancement of configuration
states. UTT satisfies this requirement through the Gravitational Coherence Suppression Law (GCSL).

UTT identifies phase as the uniquely qualified alternative to proper time as the fundamental
invariant—a conclusion compelled by the indeterminacy permitted by invariant structure, the
reparameterization freedom of the action principle, the equivalence of geometric and exponential
formulations, and the absence of empirical discrimination between them. This constitutes a
structurally admissible reordering of invariant content.

A strict ontological clarification follows. Gravitational potential does not act as a source of energy
exchange within the spectral structure; it constrains the wavefunctions accessibility to its Jacobian-
consistent spectral manifold, restricting which phase configurations can be locally stabilized and
realized at emission. The introduction of nonzero ® (® < 0) imposes an external constraint on
internal coherence dynamics that reduces the locally admissible frequency spectrum according to:
f" = f,- s ensuring that all realizable configurations are strictly submaximal relative to the
coherence-saturated limit f,.

UTT begins from an idealized baseline defined by flat spacetime (® = 0,a = 0). While not physically
realized, this regime provides an essential reference condition for relational comparisons and
ontological development. In this limit, no gravitational constraint exists to index the spectral structure
of a system.
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This domain corresponds to the coherence-saturated reference state, denoted f,: a condition in
which the system retains access to its full coherence bandwidth and maximal admissible
phase/energy expression under zero constraint. All Jacobian-consistent phase configurations remain
equally accessible, and no asymmetry arises to differentiate or stabilize one configuration over
another.

A decisive consequence follows. In the coherence-saturated limit, the system approaches a symmetry
condition in which all admissible configurations become operationally equivalent. Variability across
distributed systems is rendered indistinguishable: differences may persist in principle, yet no
mechanism exists by which they can be resolved.

This symmetry enforces a state of latent indifference. With all configurations expressed at maximal
coherence and no constraint-induced differentiation, no configuration is privileged as a reference. In
the absence of such asymmetry, no stable frame of comparison can form between spatially separated
or interacting systems.

The consequence is structural. Without constraint, there is no selection among configurations;
without selection, no reference can be established; and without reference, no comparison—and thus
no physically meaningful distinction can be constructed.

Accordingly, even if signals propagate across cosmic scales, their variations cannot be relationally
indexed. No hierarchy of frequency, no persistence of structure, and no transferable standard exists
by which one signal may be distinguished from another. All phase may be maximally expressed, yet
nothing can be comparatively resolved.

In this sense, f, does not define a usable state of timekeeping, but the coherence-saturated limit in
which global relational structure cannot be established. The absence of constraint eliminates the very
possibility of relational comparison across systems. Redshift loses any meaning across gravitational
frames.

In this regime, symmetry is dominant. All admissible phase configurations are equally accessible, and
no asymmetry arises to differentiate or stabilize one configuration over another. Without asymmetry,
no directionality is instantiated. The wavefunction is not driven toward any particular configuration; it
remains unrestricted in its access to the full space of Jacobian-consistent phase relations.

Crucially, this includes unrestricted access to the upper bound of the admissible spectral manifold. No
suppression mechanism limits higher-frequency modes, and no portion of the superpositional
bandwidth is excluded from local realization. The wavefunction therefore retains access to its
maximal coherence-accessible frequency range, consistent with invariant structure and conservation.

This stands in direct contrast to the constrained regime (® < 0), where gravitational coherence
suppression delimits access to portions of the spectral manifold—most notably delimiting the upper-
frequency modes that cannot be sustained under constraint.
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The wavefunction therefore evolves with complete spectral indifference. Its full superpositional
structure is globally accessible, yet no relational ordering emerges across distributed phase histories.
No configuration is preferentially stabilized or retained relative to another, and no differential
persistence is introduced by which configurations can be related across distributed systems.
Accordingly, no physically constructed causal structure arises. Without differential persistence, no
configuration can be privileged as preceding or following another, and no sequence of states can be
stabilized into an ordered chain.

Causality is not instantiated. Evolution remains lawful—unitary, conservative, and causally
consistent—but not causally ordered. Distributed phase histories coexist without hierarchy, and no
directionality is defined. Symmetry permits all possibilities—but selects none.

Under UTT, this regime defines the domain of timeless evolution of the wavefunction: a condition in
which phase evolves continuously and monotonically, yet without asymmetry, without differential
persistence, and therefore without the construction of relational ordering. All configurations remain
equally admissible, yet none can be preferentially stabilized or carried forward as relational structure.
No global relational structure can be established across distributed phase histories. In the absence of
constraint, coherence remains fully saturated, but non-differentiating. All phase evolves—but nothing
distinguishes one history from another.

The introduction of gravitational potential ® breaks this condition. Under nonzero ®, the
wavefunction is no longer unrestricted in its access to the full spectral manifold. Coherence
constraint, quantified by a, delimits which phase configurations remain locally stabilizable. This
restriction imposes a non-uniform condition on phase persistence: some configurations remain self-
consistent under constraint while others cannot be sustained.

This is the critical transition. With the introduction of coherence constraint, the system no longer
retains access to its full superpositional bandwidth. The upper-frequency portion of the spectral
manifold—those configurations that cannot be sustained under constraint is effectively delimited from
local stabilizability. What remains is not an altered spectrum, but a restricted accessibility to it.

Crucially, this restriction does not violate conservation. The coherence frequency footprint of
admissible configurations—those satisfying the Jacobian relation ¢ = f'-A’—is reduced in magnitude,
yet preserved in its fractional profile. Frequency is suppressed and wavelength correspondingly
extended, maintaining the global invariant while constraining local realizability c = f - e% - A - e %.
The spectrum is selectively resolved under constraint.

From this asymmetry, a persistence gradient emerges across the admissible manifold. Configurations
that remain self-consistent under the imposed coherence conditions persist as phase-continuous and
transferable across interactions; those that do not are progressively suppressed. The system is
thereby forced into a condition of selective realizability in which only a constrained subset of
configurations can be carried forward.
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Causality becomes constructible and time inherits it arrow at this point. Where persistence is
differential, configurations become orderable. Only those configurations that retain coherence under
constraint can participate in relational structure, forming sequences of mutually stabilizing states. The
loss of upper-frequency accessibility is therefore the origin of asymmetry, from which persistence,
ordering, and directionality emerge.

This stands in direct contrast to the coherence-saturated limit. In that regime, no basis exists for
global comparison. When all phase configurations are equally coherent and equally accessible, no
configuration can be distinguished, referenced, or related to another across distributed systems. No
stable reference can form, and no subset of phase relations can be preferentially retained to establish
correspondence. Without asymmetry, no reference; without reference, no comparison.

In the absence of constraint, coherence remains fully saturated yet non-differentiating: all
configurations evolve, but none can be preferentially stabilized, indexed, or transferred across
interactions. Phase progresses—but no structure exists by which one evolution can be related to
another. Evolution persists; relation does not. Accordingly, no globally meaningful temporal ordering
can be constructed. Temporal structure requires not only unitary evolution, but relational
comparability across distributed degrees of freedom.

Gravitational indexing introduces asymmetry and establishes differential persistence, together
defining the ground condition for time within UTT. In this state, the system resembles a charged
configuration: not yet expressing temporal order, but possessing a structured imbalance that renders
such order possible. The ground state is therefore not one of temporal flow, but of latent
directionality, in which the system is primed for irreversible evolution once interactions begin.

Like a charged potential poised for discharge, the phase manifold is no longer symmetric and
undifferentiated. Coherence has been selectively constrained, producing gradients in phase
admissibility that favor certain configurations over others. This stored asymmetry does not itself
constitute time, but establishes the conditions under which directional phase resolution can occur
within interacting subsystems with many degrees of freedom.

Time, in this sense, is not the accumulation of charge, but the discharge—the ordered release of
constrained phase into entropic subsystems, where distributed interactions transform localized phase
structure into stable, record-bearing correlations. As phase resolves and propagates across these
interacting degrees of freedom, coherence is progressively redistributed, recoherence is suppressed,
and histories become embedded within the evolving structure of the system.

Temporal order emerges precisely at this interface where constrained phase becomes stabilizable,
distributable, and comparable across subsystems. Entropy does not initiate this process; it expands
upon it, amplifying those configurations capable of persistence and relation.

Gravitational constraint therefore does not produce time directly. It defines the potential for temporal
order, encoded as asymmetry in the phase structure prior to its resolution. Time arises when that
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asymmetry is discharged into interaction, stabilized into structure, and extended across an entropic
network capable of preserving it.

The limitation is structural. Gravitational constraint selects which configurations can persist, but it
does not, by itself, provide a mechanism by which those configurations can be compared across
distributed systems. Persistence establishes order locally, but without transferability and
correspondence, that order remains intrinsic and unshared. Indexing generates succession—but not
comparability.

In this regime, a partial temporal structure emerges: locally coherent, yet globally unrelatable. Phase
interactions proceed within systems capable of supporting many degrees of freedom, allowing for the
stabilization and progression of internal phase configurations. Within such systems, coherence can be
constrained, persistence can arise, and ordered succession can be locally constructed.

Yet this structure remains fundamentally incomplete. Without a mechanism for distributing and
relating stabilized phase across subsystems, no shared temporal framework can emerge. Local
histories may form, but they cannot be aligned. Time, as a globally accessible quantity, requires not
only persistence, but correspondence—the capacity for phase structure to be transferred, compared,
and integrated across interacting subsystems.

While phase evolves and stabilizes within individual systems, the system as a whole lacks the
capacity to establish correspondence across distributed degrees of freedom. No mechanism exists by
which locally stabilized configurations can be aligned, referenced, or synchronized with those of other
systems. Temporal structure is therefore confined to intrinsic ordering, without the capacity for inter-
system comparison. Time exists within systems—but cannot yet be shared between them.

Stabilized configurations may persist locally, but without a relational framework, they cannot
participate in a globally meaningful temporal ordering. The result is a fragmented temporal condition:
locally ordered, yet globally uncorrelated.

By contrast, when coherence-stable configurations are distributed, retained, and exchanged across
interacting subsystems, a second structure emerges. Phase relations become transferable, and
persistence extends beyond the boundaries of individual systems. With this transferability, asymmetry
gives rise not only to persistence, but to reference—and with reference, to comparison.

Asymmetry introduces persistence; persistence enables reference; reference permits comparison; and
comparison constructs time. Only when persistence becomes transferable across systems does
temporal structure become relational.

Time is therefore not fully realized at the point of local stabilization, but at the point where stabilized
phase relations become mutually accessible across distributed systems. The relational component
arising from the transfer, retention, and comparison of coherence-stable configurations completes the
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structure of time. Time does not emerge from evolution alone—it emerges when evolution becomes
comparable.

A practical illustration of this distinction appears in the seasonal cycle.

Seasonality as a Model of Relational Time
Seasonality provides a concrete, physically grounded illustration of UTT's distinction between local

phase ordering and globally relational time. The change of seasons is not simply a change “in time,”
but a distributed relational comparison of phase-structured systems. Seasons demonstrate how
temporal structure is not imposed externally, but constructed through the coupling of local coherence
systems to a shared, distributed phase reference.

At the planetary scale, Earth’s axial tilt modulates the angle, duration, and spectral composition of
solar radiation incident across its surface. This produces a structured, periodic variation in
environmental conditions—photoperiod, thermal accumulation, and radiative flux—that is distributed
across interacting systems. These variations are not themselves “time,” but they function as phase-
indexing signals: coherent, repeatable modulations that can be registered, compared, and acted
upon.

Biological organisms do not respond to an abstract temporal parameter. They respond to these
indexed phase relations. Plant systems, in particular, provide a clear example. Even in regions where
temperature variation is modest, plant development is strongly correlated by photoperiod—the
duration and structure of daily light exposure. Processes such as germination, budding, flowering,
dormancy, and senescence are not regulated by time as an independent variable, but by the
organism’s ability to register and integrate shared environmental phase structure.

This reveals the essential mechanism. A biological system may sustain intrinsic ordering through its
internal oscillatory dynamics, but seasonal behavior emerges only when those internal processes are
brought into correspondence with an external, distributed phase regime. The organism compares its
internal coherence state against recurring solar signals, and from this comparison constructs a
temporally ordered response. Seasonality is not a passage of time—it is a relational alignment of
phase across coupled systems.

The same solar cycle is distributed across vast ensembles of organisms, yet its expression varies with
local conditions. At higher latitudes, seasonal variation is pronounced, producing visibly dramatic
ecological transitions: shorter summer photoperiods, longer winter nights, and sharper thermal
gradients. At lower latitudes, the same underlying phase structure persists, though its environmental
expression is attenuated.

In both regimes, organisms remain responsive to a shared phase reference and reorganize their
biological states accordingly. What varies is not the underlying periodicity, but the magnitude and
clarity with which that phase structure is expressed across interrelated biosystems. The relational
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signal is conserved, but its local resolution—its amplitude, contrast, and biological impact—is
modulated by environmental context.

Within UTT, this provides a direct model of global time. The solar cycle functions as a distributed
phase reference, while organisms act as local coherence systems that register, retain, and respond to
that reference. Time becomes shared through mutual comparability of internal states anchored to a
common external phase structure.

In this sense, temporal order is not imposed upon biological systems—it is constructed through their
alignment with a shared oscillatory reference. Seasonal change is therefore not merely an
environmental effect but an instance of relational time made biologically visible.

This clarifies the distinction between local and relational temporal structure. A system may exhibit
internally ordered phase evolution in isolation, but such ordering remains intrinsic and non-
transferable. Only through coupling to a shared phase environment does that ordering become
relationally accessible, enabling synchronization, comparison, and globally meaningful temporal
structure.

Seasonality therefore demonstrates the full UTT sequence in a physically observable form:

e local oscillatory coherence within systems

e external phase indexing through distributed environmental signals

e relational comparison between internal and external phase structures
e synchronized biological response across systems

e and the emergence of globally shareable temporal structure

Put simply, a season is not merely a date on a calendar, but a mutually relatable expression of phase
integration across biological systems arising from the structured variation of solar radiation,
photoperiod, and thermal cycles distributed across interacting systems. These environmental phase
modulations are registered, internalized, and responded to by organisms, enabling their internal
dynamics to align with a shared external phase structure.

In this way, seasonal dynamics provide a direct physical illustration of UTT’s central claim: time is
completed when locally stabilized phase relations become mutually comparable across distributed
degrees of freedom.

Structural Admissibility of a Phase-Forward Ontology
A phase-centered ontology reinterprets gravitational redshift by locating its origin in the local

conditions that govern phase accessibility within the wavefunction at emission.

UTT formalizes this interpretive freedom through the Principle of Structural Underdetermination
(PSU). Within this framework, a fourfold permissive structure—invariance, action principle, dual
mathematical representation, and empirical indeterminacy—constrains the form of physical laws
without uniquely fixing their ontological interpretation.
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These conditions admit an equivalent representation in which phase accumulation arises as a
uniquely qualified candidate to replace proper time as the primary evolving quantity while preserving
all invariant relations and empirical predictions. The same scaling structure—expressed through the
metric relation and its exponential form remains intact but its interpretation is reordered. This permits
UTT's reconfiguration of invariant structure: rather than treating proper time as the parameter that
governs phase evolution, phase is taken as the primitive invariant from which temporal order
emerges as the structured succession of stabilized cycles.

This interpretive freedom, however, is not unconstrained. The formalism does not permit arbitrary
quantities to accumulate along a worldline. The action principle filters admissible quantities, rendering
the structure of accumulation selective rather than permissive. Specifically, an admissible
accumulating quantity must:

e Accumulate continuously along a worldline

e Preserve invariant structure (Lorentz / coordinate independence)

e Respect conservation laws (Noether consistency)

e Transform consistently under gravitational scaling

e Remain globally consistent under unitary evolution

e Support relational comparability (phase coherence / transferability) accumulate continuously along
a worldline

This is not interpretive latitude, but a stack of constraints imposed by the formal structure itself. Once
this constraint set is applied, the admissible class narrows sharply.

e Energy: does not accumulate along a worldline, it is conserved not integrated.

e Momentum: does not accumulate meaningfully along worldline.

e Position: is coordinate-dependent and not an invariant accumulator.

e Entropy: is not fundamental at the unitary level and only becomes meaningful after decoherence.

e Proper time: remains admissible, but as a parameterization, not as the uniquely necessary
ontological primitive.

Phase alone satisfies the full set of admissibility conditions imposed by the formalism. It accumulates
continuously, preserves invariant structure, remains globally consistent under unitary evolution,
transforms coherently under gravitational influence, and supports relational comparability through
coherence transfer and interference. In this sense, phase is not merely an alternative description—it
is the direct physical expression of action accumulation through the wavefunction.

The action principle privileges invariant-consistent accumulation. At a deeper level, the formalism
does not merely permit multiple ontological interpretations; it constrains the admissible class of
candidates so strongly that phase emerges as uniquely complete. Proper time remains admissible as
an operational parameterization, but it is not uniquely fundamental. Phase, by contrast, satisfies the
full constraint set simultaneously and without remainder.
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This conclusion follows directly from the structure of the action. In relativistic form, the action for a
free particle may be written as: S = —mc [ dt, where T is the proper time along the worldline. This
representation suggests proper time as the accumulated quantity [ dt, and within a geometric
interpretation, it is natural to regard Tt as organizing physical evolution.

However, the same action “S” enters quantum evolution through the phase factor: ¥ ~ e'S/% so that
phase accumulation is directly proportional to action. In this representation, it is not proper time itself
that is physically propagated, but the phase derived from the accumulated action that governs
observable behavior.

This reveals a fundamental dichotomy within the formalism. The same invariant quantity—the
action—admits two mathematically equivalent but ontologically distinct interpretations: as an
accumulation of proper time along a worldline (geometric representation), and as an accumulation of
phase governing wavefunction evolution (quantum representation). Both descriptions preserve
invariant structure and yield identical empirical predictions. Yet they differ in what is taken to be
physically primary.

The formalism fixes the action; it does not fix whether that action is interpreted as time or as phase.
The critical point follows: the theory does not uniquely privilege proper time as the fundamental
accumulating quantity. Instead, it restricts admissible quantities to those that can be expressed as
consistent accumulations of the action, preserving invariance, conservation, and lawful
transformation under gravitational influence.

Within this constraint, proper time appears as one admissible parameterization of action. Phase,
however, emerges as its direct operational expression within the wavefunction—continuous, unitary,
and relationally accessible across systems. Time parameterizes the action; phase operationalizes it.

This restriction is decisive. The action principle does not leave admissibility open-ended; it constrains
it. Any admissible quantity must be reducible to the action and remain consistent under invariant
transformation. Since the wavefunction evolves according to W ~ e/%, phase is the observable
realization of action accumulation.

Accordingly, the space of admissible candidates collapses sharply. No other known quantity satisfies
the full constraint set—continuous accumulation, invariant consistency, unitary evolution,
gravitational transformability, and relational comparability as completely as phase.

This is not merely a matter of interpretive preference. Once the formal constraints are taken
seriously, the conclusion becomes structural. The deeper question is then: what quantity can lawfully
accumulate along a worldline while remaining fully consistent with action, invariance, unitary
evolution, gravitational scaling, and relational comparability? That is @ much narrower class.
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Getting Familiar with Global Time
UTT concludes this phase-forward introduction by formalizing the final element in its compound

construction of time: the capacity for phase accumulation to stabilize globally across distributed
systems with many degrees of freedom.

To clarify this distinction, consider a universe in which phase is indexed at formation and evolves
thereafter under standard unitary dynamics. In such a universe, the conditions for temporal structure
are locally instantiated within the wavefunction: phase accumulates lawfully, coherence evolves, and
invariant structure is preserved. Yet this evolution taken in isolation remains intrinsic to each system.
Unitary progression alone does not commit any given phase history to a meaningful relationship with
another. Local phase evolution establishes succession but not yet relation.

This is the critical limitation. Without interaction, transfer, or comparison, independently evolving
phase configurations remain mutually unreferenced. No shared standard exists by which one system'’s
evolution can be aligned with another’s, and no global temporal structure can be constructed from
purely local accumulation.

Global time emerges only when this isolation is broken. When coherence-stable phase configurations
are propagated, exchanged, and retained across interacting degrees of freedom, they become
relationally accessible. Stabilized phase relations no longer remain confined to individual systems, but
participate in a network of correspondence through which they can be compared, synchronized, and
ordered across space.

Time becomes global when phase becomes shareable. In this sense, time is not merely the local
ordering of phase under constraint, but the emergent capacity for those stabilized phase relations to
persist, propagate, and remain mutually comparable across interacting systems. It is this relational
embedding across distributed degrees of freedom that completes UTT’s compound construction of
time. This relational embedding does more than complete temporal structure—it establishes the
conditions under which irreversibility can arise.

Once stabilized phase relations are no longer confined to isolated systems but are propagated,
exchanged, and embedded across interacting degrees of freedom, they become subject to
redistribution. What was once locally coherent and unitary becomes progressively dispersed across a
growing configuration space. The same mechanism that enables global comparability—interaction
across many-body systems also enables the loss of recoverability.

Gravitational indexing establishes directionality; relational embedding renders temporal structure
globally comparable; distribution across many-body degrees of freedom produces irreversibility.

It is here that entropy enters the framework. Entropy is treated as statistical consequence of
coherence stabilization across large ensembles of interacting systems. Irreversibility arises from the
progressive redistribution of phase into high-dimensional, many-body configurations in which unitary
phase is no longer locally recoverable.
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As phase relations become distributed across increasingly complex degrees of freedom, they are
effectively locked into decohered structure. The information required to reconstruct the original
coherent state is dispersed across the system in a form that is no longer globally stabilizable or
relationally accessible. The system retains its invariant structure, yet loses the capacity to reassemble
prior phase coherence into a form that can participate in ordered succession. Irreversibility is
therefore the loss of reconstructible phase accumulation.

In this sense, entropy reflects both the closure of coherence and its expansion into multiplicity—a
dual process in which phase relations, once constrained, are redistributed across an ever-growing set
of accessible microstates. As coherence is modulated under gravitational and environmental
conditions, phase structure is transformed and dispersed into higher-dimensional configurations
where direct reconstruction of the original coherent state becomes statistically inaccessible.

Yet this dispersion is generative. Entropy functions as an expansion multiplier, enabling phase
structure to proliferate into diverse, self-distributing pathways through which both coherence and
decoherence can persist, interact, and reconfigure at new scales. In this way, entropy simultaneously
closes prior coherence while opening an enlarged configuration space in which new coherence
structures may locally emerge and stabilize.

The arrow of time is therefore the macroscopic signature of accumulated coherence constraints,
expressed through the one-way transition from coherence-accessible phase structure to decohered,
statistically distributed configurations. What appears as temporal flow is the irreversible imprint of
this dual process: the closure of prior phase continuity and the expansion into a richer landscape of
emergent possibility.

This ontology provides a physically grounded mechanism for ordered succession arising from non-
temporal dynamics. The wavefunction does not evolve “in time”; it advances through a constraint-
filtered sequence of stabilizable phase configurations. Time is the observable inheritance of this
process—the record of what the wavefunction was able to preserve.

There is, within this framework, no pathway to reversing that sequence. Once coherence is
suppressed and phase relations are dispersed beyond reconstructible continuity, the system cannot
be reassembled into a prior stabilizable state. To reverse this process would require the exact
reassembly of globally distributed phase information into its prior coherent configuration, restoring
the conditions under which that configuration could again function as a stabilizing boundary state.

This is not a limitation of knowledge or probability, but structurally excluded as a physical
consequence of record accumulation. The mechanism of record formation itself ensures that phase
continuity is dispersed across high-dimensional degrees of freedom, placing it beyond reconstructible
limits and eliminating the physical basis required for reverse accumulation. The system irreversibly
encodes its history into stabilized, distributed configurations.
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In doing so, the system no longer retains the phase structure required to support reversal. The
accumulation of records is intrinsically directional because each stabilized configuration becomes a
boundary condition for subsequent evolution. Each state provides the substrate upon which the next
can build forming a progressively linked chain of phase-consistent structure.

This directionality is not imposed—it is constructed. It arises from the progressive redistribution of
phase relations into expanded, high-dimensional configurations across interacting degrees of
freedom. As phase structure becomes embedded within these configurations, it persists as distributed
correlations that define the system’s evolving state.

Irreversibility therefore follows directly from the structure of the process. Records can be constructed
forward, but they cannot be unwound in reverse. Any reversal would require the later, decohered
configurations to reconstitute the precise coherence conditions necessary to support earlier states as
stable boundary conditions. This would entail the recompression of distributed phase information into
globally coherent configurations prior to the existence of those configurations as admissible states—a
contradiction within the mechanism of constraint-driven phase selection.

What is relinquished in speculative notions of time reversibility is replaced by a rigorous, mechanism-
based account of why causality, memory, and irreversibility exist at all. These are not primitive
features of the universe; they are constructed outcomes. They arise from the forward stabilization of
coherence under constraint, and from the one-way accumulation of records through which global
coherence accessibility is progressively lost.

Once phase structure has been redistributed into stabilized, high-dimensional configurations, the
conditions required to support prior states no longer exist. Irreversibility is therefore not imposed—it
is enforced by the architecture of record formation itself.

Overview Thus Far
This introduction has been deliberately front-loaded to establish a clear view of UTT’s conceptual arc,

allowing each component to be evaluated in direct relation to the central claim. The analysis
identifies phase as a uniquely qualified candidate for the primitive scalar invariant, arising from within
the wavefunction’s non-temporal probabilistic structure, in which relational amplitudes and possible
correlations are defined without presupposing any ordering parameter such as time.

From this starting point, the roles of gravitational and kinematic conditions are recast as constraints
on admissible phase configurations, regulating which phase relations can stabilize, propagate and
resolve into measurable oscillatory structure.

Across every modern high-precision test of gravitation and motion, the empirically reported quantity
is frequency. Atomic clocks, optical resonators, matter-wave interferometers, and quantum oscillators
all register gravitational and kinematic influence through changes in oscillatory phase evolution
observed to scale with gravitational potential, indicating that the observable effect is fundamentally
phase-regulated rather than time-driven. Modern timekeeping is therefore at its foundation,
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frequency metrology—the device-independent tracking of phase-resolved oscillation under varying
physical conditions. What we operationally describe as time dilation is the measurable consequence
of this regulated phase evolution.

It is fair to characterize General Relativity as a framework of symmetry theorems. Its geometric
structure is anchored in invariance principles—the equivalence of inertial frames, general covariance
under coordinate transformations, and the preservation of spacetime intervals under metric structure.
These symmetries ensure that physical laws retain identical form across observers establishing GR as
a theory in which consistency of description is guaranteed by symmetry rather than by underlying
microphysical specification.

This distinction is central. GR enforces symmetry at the level of description through its invariant
geometric structure while remaining neutral to the microphysical mechanisms by which physical
systems realize that structure. Proper time is defined as the invariant interval along timelike
worldlines and serves as the parameter by which physical processes are described and compared
across frames. The action principle follows: it encodes admissible histories as extremal paths whose
evolution is parameterized by this invariant quantity, ensuring consistency with the spacetime metric
under gravitational influence.

Within this formally complete and permissive framework, however, a residual ambiguity remains at
the level of interpretation. Proper time is fixed by the formalism as the invariant parameter that
orders physical evolution, defined geometrically by the spacetime metric along timelike worldlines.
What the formalism does not uniquely specify is the physical dependence by which this ordering is
realized within concrete systems—whether phase evolution is to be understood as dynamically
conforming to proper time, or whether proper time is operationally realized through the evolution of
physical processes themselves. The symmetry of description is preserved, but the manner in which
physical systems instantiate this invariant ordering remains underdetermined.

Proper time is fixed as the invariant parameter of evolution, and phase evolution is required to
remain consistent with it; however, the formalism does not uniquely determine how this relationship
is physically realized. UTT identifies this as a point at which the closure of the formalism leaves the
ordering of dependence unspecified. In a fully articulated account, the chain of dependence would be
explicit: a cause gives rise to an effect without mutual definition. Here, however, the formalism
admits a closed consistency—proper time parameterizes phase, while phase, through oscillatory
realization, operationally defines time. This mutual definability is sufficient for internal consistency,
but leaves the causal sequence implicit. The formalism therefore closes at the level of invariant
description, while leaving the direction of dependence and thus the ontological ordering
undetermined.

UTT's argument is subtle. Invariance does not uniquely identify a preferred ontological quantity;
rather, it constrains the space of admissible quantities to those that preserve the invariant structure.
The metric defines this structure, but not the ontological identity of the parameter associated with it.
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The invariant content of physical law constrains predictions, yet does not uniquely determine the
interpretive ordering among formally equivalent descriptions.

The line element: ds® = g,,, dx"dx", defines an invariant quadratic form on spacetime, but does not

by itself determine the physical identity of the parameter it represents. The interpretation of ds? as
proper time along timelike worldlines arises through additional physical identification, rather than

from the metric structure alone. For timelike trajectories, one defines: dt? = —dc—szz, thereby

identifying T as the invariant parameter measured by clocks. This identification is not imposed by the
geometry in isolation, but reflects a choice of consistent mapping between invariant structure and
physical processes.

What the metric does constrain is what ds? can be. Any admissible parameter must remain invariant
under coordinate transformations, be consistent with the metric signature, and permit
reparameterization of curves. Crucially, the physics—through the action principle must be expressible
in terms of such a parameter. The metric therefore fixes the invariant structure within which physical
evolution is described, while leaving the ontological identity of the parameter associated with that
structure open to interpretation.

Within this constrained space, proper time emerges as the parameter conventionally selected to
describe physical evolution while not excluding alternative but formally equivalent orderings. GR is
formulated in terms of proper time because it provides the most natural invariant parameter for
describing physical evolution. It is the invariant quantity defined by the metric and directly embedded
in the action principle as the parameter along which histories are accumulated.

However, this choice reflects structural and operational optimality rather than a uniquely enforced
ontological commitment, leaving open the possibility of alternative but equivalent orderings of the
same invariant content. This is a choice of parameterization that is maximally stable and operationally
natural, but not an experimentally enforced exclusivity.

The action principle itself does not privilege this choice; it remains reparameterization-invariant and
therefore leaves the underlying dynamical variable interpretively open. The presence of formally
equivalent representations—geometric and exponential—further reinforces this point, removing any
purely mathematical prohibition against alternative orderings. In this context, phase arises as a
uniquely well-qualified candidate for the action structure: it is the quantity through which physical
systems operationally realize evolution as the accumulated phase of oscillatory processes tracks the
invariant parameter. The argument advanced here is therefore limited but precise: the formalism
establishes admissibility, not necessity, permitting—but not compelling a coherence-centered
interpretation in which phase and its stabilization are treated as primary, and temporal quantities
emerge as derived relations.

This reveals a deeper structural feature: an interpretive asymmetry in which proper time is treated as
primary within the formalism while phase is taken as derived. This prioritization is not arbitrary, but
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reflects the structural role of proper time as the invariant interval defined by the metric and
embedded in the action principle as the parameter of evolution. The framework remains internally
consistent because the mutual definability of time and phase is operationally self-sustaining;
however, this consistency does not uniquely determine which quantity should be regarded as
ontologically fundamental.

The consequence reveals an unresolved limitation in explanatory closure. The asymmetry lies in the
adopted ordering: proper time is retained as the governing invariant on the basis of its structural and
operational qualification, while the physical conditions under which phase evolution is regulated
across varying gravitational environments remain unspecified. The formalism determines how
intervals transform and how histories are compared, but it does not supply a microphysical account
of how oscillatory systems maintain the correspondence required to track those intervals.

Once a physical quantity is taken to be parameterizable by proper time, the burden of explaining how
a system’s internal degrees of freedom respond to gravitational conditions is effectively shifted into
the invariant structure itself. In GR, proper time is defined geometrically as the invariant interval
along timelike worldlines, and physical processes are described as evolving in accordance with this
parameter. As a result, the theory does not require an explicit microphysical account of how internal
dynamics—such as oscillatory phase evolution couple to gravity. Instead, it assumes that such
systems remain consistent with the invariant ordering defined by the metric.

This marks a critical transition in the formalism. GR advances the relationship between gravity and
physical systems at the level of invariant description: it specifies how intervals transform, how rates
compare, and how histories are accumulated while remaining noncommittal about the underlying
mechanism by which physical systems realize this behavior. The regulation of phase is therefore not
derived from a separate interaction law within the theory; it is implicitly encoded in the requirement
that physical evolution remain consistent with the invariant structure. In this sense, the dependence
of phase evolution on gravitational conditions is absorbed into the definition of proper time and
carried by the formalism rather than independently constructed.

The action principle reinforces this structure. By extremizing the action, it admits all permissible
trajectories and encodes how physical histories accumulate along timelike worldlines under
gravitational influence. This formulation ensures that evolution is consistent with the metric and
preserves the invariant structure of the theory. However, while it determines the lawful form of
evolution, it does not uniquely specify how that evolution is physically instantiated within the internal
degrees of freedom of real systems.

As a consequence, phase evolution is required to remain consistent with the underlying geometry.
The result is a theory that is formally complete yet interpretively under-resolved: symmetry is
preserved, but the causal origin of its manifestation remains unassigned. This reveals an incomplete
causal chain. While the symmetry of description is intact, the process by which that symmetry is
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physically enacted—how phase evolution becomes differentially constrained under gravitational
conditions remains unspecified.

This exposes a subtle circularity at the core of General Relativity’s treatment of time. Proper time
parameterizes phase, while phase—through oscillatory realization—defines time. This mutual
dependence ensures internal consistency, but leaves the causal direction implicit, and the origin of
temporal structure unaccounted for.

In physical systems, however, relationships are realized through causally ordered mechanisms rather
than circular definition. To restore symmetry at the level of explanation, the chain of dependence
must be made explicit. The missing step is a microphysical account of how phase structure becomes
constrained, stabilized, and accumulated into observable difference. UTT introduces this step by
identifying the point of emission as the locus at which phase evolution is first indexed under
gravitational constraint, fixing the conditions under which subsequent evolution proceeds. In doing
so, the circular closure between time and phase is resolved into a linear sequence: constraint gives
rise to regulated phase evolution from which temporal ordering emerges as a derived relation.

Disclaimer
UTT makes no claim to be a “replacement theory” for General Relativity. It does not overwrite GR,

refute its geometric interpretation of gravitation, or alter any of its empirical predictions. The full
predictive structure of GR and the conservation principles of both GR and quantum mechanics are
preserved.

UTT instead operates as a complementary, mechanism-focused extension, one that seeks to make
explicit the microphysical process by which relativistic effects are physically realized rather than
merely compared.

This compatibility is made explicit in the weak-field limit through the definition:
a=®/c? &=-GM/R

so that a depends directly on the gravitational potential ®, preserving the standard scaling
relationships used in relativistic redshift and time dilation.

The coherence-regulated expression of this effect is then written as:
dt’/dt = e%

where a, is defined via the log lift relation: oy = %2 In (1 + 2a), which is algebraically equivalent to

the GR result, while recasting it in a form that admits direct physical interpretation at the level of
evolution.
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Within GR, a carries no independent ontological significance; it functions as a convenient scalar
parameter encoding gravitational potential within the metric structure. It participates in the
calculation of proper time but does not correspond to a distinct physical mechanism.

Under UTT, this status changes. The same quantity a is elevated from a descriptive parameter to a
physically operative quantity, representing the local constraint on admissible phase evolution within
the wavefunction. It quantifies the degree to which coherence can be retained, stabilized, and
propagated under gravitational influence.

In this interpretation, the exponential factor is no longer simply a coordinate transformation; it
becomes a measure of coherence retention. Time dilation and redshift are thus not understood as
distortions of time itself, but as the observable consequence of constrained phase accessibility under
gravitational potential.

UTT therefore leaves the mathematical structure of relativity intact, while reassigning its physical
meaning from geometric description to wavefunction-level regulation of phase, providing a causal
mechanism beneath the invariant formalism. UTT operates as a complementary extension and a
mechanism-focused framework that extends the interpretation of gravitational redshift and time
dilation without altering any of their empirical content.

The guiding principle of this work is that if Coherence Field Theory (CFT) and the GCSL are to have
standing, they must do so coherently—by preserving the empirically confirmed predictive structure of
both general relativity and quantum mechanics while extending the underlying mechanism through
which gravitational potential regulates angular frequency while maintaining conservation.

Throughout this manuscript, GR is understood to frame gravitational redshift as a difference in the
rate of proper-time accumulation between observers situated at distinct gravitational potentials—an
interpretation introduced in Einstein’s early analysis of gravitational redshift [Einstein 1911] and
formalized within the Schwarzschild solution [Einstein 1916; Schwarzschild 1916]. Within this
geometric framework, redshift and time dilation arise from the spacetime metric and describe how
proper-time intervals compare across gravitational potential.

By contrast, UTT interprets gravitational redshift and time dilation as a direct modulation of the
observable frequency of a local oscillator at emission, governed by coherence suppression within a
gravitational potential. These two perspectives are algebraically equivalent in the weak-field
Schwarzschild limit and structurally non-conflicting: they encode the exact same gravitational redshift
relation derived from the Schwarzschild metric, but differ in explanatory emphasis. General Relativity
interprets the effect geometrically, as a comparison of proper-time accumulation between observers
at different potentials, whereas UTT interprets same invariant relation through the lens of
gravitational coherence dynamics as a coherence-based mechanism underlying the observed
modulation in quantum oscillators due to gravitational suppression.
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Crucially, UTT does not revise or alter GR’s geometric formulation. Rather, it articulates a
complementary description by expressing the same gravitational structure that shapes the cosmos
extended into the frequency domain governing the spectral properties of atomic and molecular
systems. Where GR describes how proper times compare between observers at different gravitational
potentials, UTT provides a coherence-based account of why oscillators situated at different
gravitational potentials exhibit differential frequency when compared. This dual description preserves
GR'’s established geometric framework while supplying the coherence-based modeling without
departing from or contradicting relativistic geometry.

Scope of General Relativity Formalism
Formulating the GCSL highlights a structural boundary within GR’s formalism: GR does not provide a

microscopic account of how differential frequency comparison arises at the oscillator level, nor is it
required to. Within its geometric domain, GR interprets all such observations through spacetime
curvature. When frequency differences are observed between clocks at different gravitational
potentials, GR accounts for this entirely through its time-dilation paradigm, the equivalence principle,
and its framework of covariance and symmetry-based conservation laws.

This geometric framework is complete as a theory of spacetime structure, but it is non-microscopic in
its account of oscillator dynamics. GR precisely describes the differential accumulation of proper time
in curved spacetime, yet it remains silent on the microphysical mechanism by which oscillatory
systems realize that difference. It specifies how clock rates compare across potentials, but not how
phase evolution within those clocks becomes differentially regulated.

UTT places its ontological claim precisely at this boundary while fully preserving GR within its
geometric domain. Where GR concludes with a geometric description of redshift and framework of
conservation laws, UTT extends the description with coherence Jacobian dynamics at the level of the
wavefunction.

In GR, gravitational potential curves spacetime and thereby determines the trajectories of matter,
light, and clocks. In UTT, gravity acts as a constraint on the coherence field, modulating the
accessible coherence bandwidth of quantum oscillators. This constraint induces a uniform rescaling of
admissible phase evolution expressed as a Jacobian transformation of spectral support: frequency,
wavelength, and bandwidth are multiplicatively adjusted while preserving invariant propagation c = f-
A c=(f-e%) (A 1/e%).

Under this framework, the observed differential frequency between clocks at different potentials
arises from a constraint-driven re-indexing of phase accessibility at formation. The mean frequency
that can be coherently stabilized is reduced under stronger gravitational potential, while the
conjugate wavelength expands accordingly, preserving the invariant structure of propagation.

UTT therefore retains the full geometric predictions of GR while supplying the equivalently
representable layer of physical explanation: how gravitational potential regulates the coherence
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conditions under which phase evolution is realized, thereby producing the measurable effects of
redshift and time dilation at the level of quantum oscillators.

This defines the canonical nexus of UTT’s extension: GR provides the geometric description of
redshift; UTT proposes a coherence-level mechanism consistent with that description. In GR, redshift
arises from curvature-induced differences in proper-time flow. In UTT, the same empirical behavior
reflects gravitational suppression of oscillatory phase coherence. GR explains how gravity reshapes
the geometric environment through which clocks tick. UTT explains why clocks situated at different
gravitational potentials exhibit differential frequency when compared, linking gravitational potential to
the coherence bandwidth available to the oscillator.

This mirrored analogy makes the conceptual distinction clear: GR describes how gravity shapes
spacetime geometry; UTT describes how gravity shapes conjugate Jacobian phase configurations.
Together, they offer complementary layers of the same phenomenon—one geometric, one
microphysical without altering GR's established geometric framework. In doing so, UTT provides a
direct and lawful path for encoding gravitational potential into the unitary structure of the
wavefunction.

From this boundary forward, UTT regards itself as an extension of GR, supplying a coherence-level
interpretation compatible with GR’s spacetime description. Coherence Field Theory is developed
precisely to manage and reconcile the intersections between geometry and coherence offering a
unified interpretive framework of gravitational frequency modulation.

Primer to UTT Formalism
Equations are an essential component of this work—they function as active, leading characters,

evolving through the narrative to carry the reader along a single, continuous coherence framework.
This opening primer is therefore positioned at the front of the manuscript as an interpretive bridge
into UTT’s notation, sign conventions, and conceptual architecture, ensuring that the reader enters
the formal development clearly oriented to what each symbol denotes and what each transformation
accomplishes. The intent is to encourage early familiarity with the UTT formalism, allowing
conceptual understanding to accumulate naturally as the framework unfolds. As with recurring
characters in a serial narrative, UTT’s symbols and operators gain clarity through repeated contextual
use.

In particular, the primer establishes the formal correspondence between UTT's frequency-based
conventions and General Relativity’s proper-time conventions, making explicit how the same physical
content is expressed consistently across two representational frameworks without ambiguity. With
this mapping secured, the subsequent sections proceed step by step—demonstrating, transparently
and constructively, how UTT preserves the empirically confirmed predictive structure of both General
Relativity and Quantum Mechanics, while introducing an additional interpretive principle:
gravitationally induced coherence suppression regulating the resolvable frequency behavior of
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oscillatory systems. This principle supplies a mechanism-level interpretation that provides a unified
interpretive account of their empirically matched behaviors within a coherence-modulated framework.

Mapping Gravitational Coherence Suppression to General Relativity
The standard expression for gravitational time dilation follows from the Schwarzschild solution to

Einstein’s field equations. For a local clock located at radius R outside a spherically symmetric mass
M, the Schwarzschild metric gives the proper-time relation [Schwarzschild 1916; Misner Thorne
Wheeler 1973; Wald, 1984]:

dat’ 2GM

dt Rc?

Strictly speaking, this quantity is the proper-time rate factor. It expresses the rate at which the local
proper time dt’ accumulated by the clock at radius R elapses relative to the coordinate basis time

dt measured by an observer located at an infinity. Because spacetime curvature leads to differential
proper-time accumulation between radii, the redshifted factor is always less than one for all radii R.

The alternative notation:

dt'/dt = (1 - ZGM)%

is algebraically identical and returns the same numerical value. UTT retains the exponent form rather
than the radical form because the exponent form facilitates transposing natural logarithms and
expressing relations in linearized form, particularly when defining the log-coherence factor a.

UTT Parameterization (GCSL Formalism)
Before cross-mapping, UTT introduces the GCSL parameters that recast these same relations into

coherence-modulation form:
® = —GM/R
a = ®/c?2 = —GM/Rc?
og = Y2 In(1 + 2a)

Here, o inherits its sign directly from the gravitational potential ®. Because @ is negative in the
exterior Schwarzschild region, a is also negative everywhere. This sign convention matches the
weak-field GR expansion: the sign is fixed by the definition and is therefore not continually annotated
with explicit minus symbols. Retaining a without repeated sign annotation avoids clutter and keeps
the narrative clear.

With these definitions, the GR time-dilation factor becomes the UTT coherence retention factor:
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g — o Y%In(l+2a) — _2GM _ (. 2GM\7T Y
e = e = 1--(1-2) =1 +20)

This identity demonstrates empirical fidelity and, more importantly, reveals both the parallelism and
the divergence between the two frameworks as a matter of explanatory hierarchy.

In General Relativity: dt’/dt = (1 _ ZRGCIZI

time along distinct worldlines determined by spacetime geometry. Geometry is primitive; proper time
is the invariant supplied by the metric; phase is parameterized by that invariant.

%
) is interpreted as the differential accumulation of proper

In UTT: dt’/dt = e%s is interpreted as the gravitationally permitted retention of phase coherence—an
exponential constraint on the locally realizable slope of phase evolution. Phase evolution is taken as
primitive. Phase propagation remains unitary and uninterrupted; gravitational potential does not
attenuate or modify the excitation in transit. Rather, the local gravitational parameter indexes the
accessible coherence bandwidth at formation, determining the portion the wavefunction’s full
superpositional support that can stabilize into classically resolvable records. Proper time in this
framework does not appear in the dynamical evolution governing phase; it arises as the stabilized
measure of records accumulation.

The algebra is unchanged. The metric is preserved. What this identity enables is an ontological
reordering of explanatory priority. In UTT, constrained phase evolution is fundamental, and proper
time emerges as the temporal structure constructed from its gravitationally permitted stabilization.

This foundational principle must be held constant throughout this work: gravitational potential does
not attenuate, damp, or dynamically modify excitations during propagation. Unitary evolution
proceeds uninterrupted under standard quantum mechanical unitarity.

Gravitational influence enters exclusively at formation (and at resolution). The gravitational
parameter does not act along the propagation path; rather, it indexes the locally admissible
coherence bandwidth at the point of formation, setting the conditions under which phase can be
stably resolved and expressed.

Accordingly, suppression refers to limits on phase resolvability. The wavefunction retains full global
support, yet only a constrained subset of phase configurations is locally stabilizable into oscillatory
modes that can be measured as frequency.

Gravity therefore acts as a coherence boundary condition. The observable effects of redshift and time
dilation arise from the initial constraint placed on phase accessibility at formation, and are later
revealed upon comparison at detection. Between these points, unitary phase evolution proceeds
without interruption.

This distinction is structural and must remain operative throughout all derivations.
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Why UTT Uses the Exponential Form
UTT's narrative is framed from the physical viewpoint of an oscillator—the “the primary physical

referent”—whose intrinsic phase structure is indexed by the local gravitational potential (i.e., the local
metric condition) at emission. That indexed spectral structure propagates unmodified thereafter
under quantum-mechanical unitary evolution. In this description, frequency transforms as: f' = f; -
e“s where e%e represents the fraction of phase evolution that remains classically resolvable under the
local gravitational constraint of the emission system. The excitation is not dynamically altered in
transit; its observable frequency reflects the coherence bandwidth defined by the local gravitational
potential at emission.

UTT's exponential form precisely matches the standard GR metric:

sz)l/Z

es = (1 - —
Rc

This establishes an exact algebraic correspondence between GR geometry and UTT coherence
mechanics. With these definitions in place, the GCSL parameters map directly onto the standard
relativistic redshift relation. General Relativity gives the gravitational redshift (time-dilation) factor as:

2GM)1/2
Rc?

dt'/dt = (1 -
Substitute using the UTT parameter: a« = —GM/Rc?
this becomes: dt'/dt = (1 + 2a)*

Recall that a inherits its sign directly from the gravitational potential ®, and is therefore strictly
negative in all physical gravitational regimes. Its sign is fixed by definition and must be carried
consistently through logarithmic and exponential mappings.

UTT's natural-log exponential notation maps cleanly onto the standard GR expression defining:
g = Y2 In(1 + 20)
we obtain: e% = (1 + 2a)”

Because a is strictly negative in physical gravitational regimes (a < 0), and is bounded in the
exterior Schwarzschild regime (—% < a < 0), the argument: 1 + 2a remains positive and less than
unity. Consequently:

In(1+2a0) <0 = a;<0

and therefore: 0 < e* < 1
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In UTT's interpretation, the exponential e*s thus represents a coherence-retention factor: the fraction
of an oscillator’s intrinsic frequency that remains expressible under the local gravitational potential .
In this form, the GR redshift factor and the UTT coherence-retention factor are algebraically identical:

dt’/dt = e%e

Within UTT, this quantity is interpreted as coherence-suppressed frequency—the retained portion of
an oscillator’s native phase rate after gravitational coherence constraints are applied at emission.
Since (ag < 0), the retention factor always satisfies:

e’ <1
. 1 -
Its reciprocal: e “g
always satisfies: e % >1

and represents the complementary wavelength multiplier required for Jacobian conservation of
energy bookkeeping under coherence modulation.

In GR, this reciprocal factor also corresponds to the blueshift multiplier experienced by a deeper
observer receiving a photon originating at higher potential. In UTT, it becomes the wavelength-
expansion multiplier, consistent with UTT’s Jacobian conservation principle. Frequency is suppressed
by e%s, wavelength expands by e~%s, providing a Jacobian consistent microphysical interpretation of
conservation consistent with the geometric description in GR.

Under UTT, the interpretation is:
e dt—the oscillator’s unsuppressed tick-rate at infinity where (® = 0,a = 0)

o e%—the coherence-retention ratio, quantifying the fraction of oscillatory frequency retained at the
local gravitational potential ®
o dt'—the locally indexed oscillatory rate of the clock under gravitational constraint

This primer makes the relationship explicit: GR expresses the effect as geometric redshift, whereas
UTT expresses the same quantity as coherence suppression. Despite the differing interpretive
frameworks, the algebra is identical.

UTT Reciprocity and Spectral Interpretation of Gravitational Potential
UTT's cross-mapped expressions make the reciprocity explicit in exponential form:

e = (1+2a)”% and e % =(1+2a) %
In UTT, the central quantity is the dimensionless gravitational potential parameter: a = ®/c?
which is logarithmically scaled by: a, = % In(1 + 2a).

Because (a < 0) in exterior gravitational regimes, it follows that (a, < 0) and therefore: 0 < e*s < 1.
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Coherence-Spectral Interpretation
The coherence-retention factor e“s applies uniformly across the oscillator’s entire spectral envelope

as a block scaling. All frequency components are multiplied by the same factor, preserving fractional
structure, relative spacing, and normalized spectral shape. This transformation is a constraint
condition, defined by the local gravitational potential that indexes the coherence bandwidth available
for classical resolution at formation.

Spectral Block-Shift Under GCSL
The GCSL formalism describes how gravitational potential block-shifts an oscillator’s intrinsic spectral

profile. The oscillator’'s mean frequency is centered at the gravitationally indexed value:
f’ = fo ° eag

and its entire spectral envelope is uniformly scaled by the same factor producing a gravitationally
indexed bandwidth. f, defines the oscillator’s unsuppressed frequency bandwidth in flat space (& =
0). No energy is lost; conservation is preserved through the reciprocal Jacobian scaling in the
wavelength channel:

A=A e %

This provides the conjugate Jacobian pairing: frequency suppression and wavelength expansion
remain exactly balanced. This reciprocal scaling follows directly from preserving spectral area under
the coordinate transformation.

Interpretive Frame for UTT
Throughout what follows, UTT adopts the exponential redshift relation:

dt' = e%e- dt

as its primary interpretive frame, using the reciprocal form e~“ mostly when addressing conservation
via the Jacobian scaling. An oscillator’s basis frequency f, is therefore understood as its unsuppressed
frequency in flat (& = 0) coherence-saturated conditions, from which gravitationally indexed
frequency values are derived.

This expresses gravitational redshift as a coherence-indexing transformation of the oscillator’s
accessible phase bandwidth. From this perspective, the fundamental relations are expressed as:

f'=f,-e% and w' = 2m f,-e%

Under UTT, an oscillator’s frequency is indexed according to its relation: f’ = f, - e*& which expresses
the coherence-indexed fraction of the oscillator’s intrinsic frequency defined by the local gravitational
potential. The complementary expression:

fo- (1 —e%)
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Accounts for the portion of the spectral profile that corresponds to the reciprocal Jacobian scaling
between frequency and wavelength. It does not correspond to physical loss or subtraction.

These expressions form a complete partition of the f, reference bandwidth:
(1—e%)+ e% =1

This identity reflects a partition of expressibility relative to the unsuppressed reference. Taken
together, these relations summarize UTT’s core mechanism: gravity constrains resolvable phase
accumulation; constrained phase resolution yields reduced indexed frequency; and the indexed
frequency defines the local phase rate from which globally temporal comparison may later be
constructed. The complementary fraction (1 — e%s) is not “lost,” but accounted for and repurposed in
the spectral support by reciprocal Jacobian scaling between frequency and wavelength channels,
preserving total spectral energy under the coordinate rescaling.

In this framework, gravitational potential indexes the locally resolvable coherence bandwidth of each
oscillator, delimiting its accessible phase rate without altering its intrinsic evolution. Unitary phase
evolution remains fundamental and proceeds uninterrupted under all gravitational conditions. Time
emerges when a multitude of coherence-indexed phase histories achieve stable, collective
resolvability across interacting systems with many degrees of freedom, rendering those histories
mutually comparable and irreversibly ordered.

Coherence Retention & Suppressed Complement
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Figure 1. Coherence Retention and Suppressed Complement
Figure 1, displays the coherence retention function e“s (blue) and its suppressed complement (1 —

e“s) (gold) as functions of the dimensionless gravitational potential a.

The blue curve, e“s, represents the retained fraction of coherence. It equals unity at a = 0,
corresponding to coherence-saturated flat space, and decreases monotonically toward zero as o —»

—%, approaching the Schwarzschild coherence boundary.

41



The gold curve, 1 — e%, represents the Jacobian reconfigured coherence fraction. It vanishes at a =
0 and increases toward unity at the horizon. The identity: e*s + (1 — e%s) = 1, expresses strict
conservation: coherence is not destroyed, but redistributed between accessible Jacobian constant
configurations of frequency and wavelength.

Understanding UTT'’s Strategic Intent
For more than a century, physics has sought to reconcile the quantum and the gravitational, yet

every major attempt has been constrained by an assumption so deeply embedded in both
frameworks that neither has succeeded in escaping its canonical foundations: a deep structural
reliance on temporal structure. In General Relativity, temporal structure is inseparably fused to
spacetime geometry, encoded in the metric structure and causal ordering [Einstein 1916; Misner,
Thorne & Wheeler 1973]. In Quantum Mechanics, time typically enters as an external evolution
parameter governing unitary dynamics through the Schrédinger equation [Dirac 1958; von Neumann
1932]. This asymmetry—geometric time in GR versus parametric time in QM—has been recognized
for decades as a central barrier to unification [Kuchar 1992; Isham 1993; Anderson 2017].

The problem of genuinely emergent time has long been recognized as a central challenge within the
quantum gravity program lying at the heart of what is commonly termed the “Problem of Time.”
From the earliest insights of Wheeler and DeWitt to the systematic analyses of Kuchar, Isham,
Rovelli, Barbour, and others, there is broad consensus that time cannot remain fundamental in a
unified description of nature. At the same time, these same analyses acknowledge a persistent
limitation: no broadly accepted framework has produced a physically explicit mechanism capable of
generating temporal behavior from the emergent conditions of static correlated states alone.
Emergent time is therefore widely regarded as necessary in principle, yet no approach has succeeded
in deriving temporal behavior without presupposing temporal structure. This impasse is widely
regarded as a central conceptual bottleneck in unification efforts.

Within this historical context, UTT enters at this structural impasse, proposing that gravitationally
indexed coherence suppression functions as the internally lawful regulator generating emergent
succession from formally timeless quantum dynamics without reliance on surrogate clocks, auxiliary
evolution parameters, background foliations, or relational constructions that already encode ordering.
Grounded in coherence dynamics under gravitational constraint, UTT reengages the specific
structural problem that the field has long recognized as decisive.

A complete theory of emergent time must satisfy two stringent methodological conditions. First, it
must eliminate time as a primitive parameter or background ordering variable. Time cannot be
presupposed at the foundational level. It must not function as an implicit external clock, a hidden
sequencing device, or a post hoc metric imposed to track change. Where time enters the
fundamental equations, its dynamical role cannot be that of an external sequencing parameter
advancing correlated states.
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Second—and more importantly—ordered temporal succession must arise from lawfully operative
dynamics internal to the theory. The appearance of temporal order must emerge from structural
relations within the system’s own evolution. A complete account must therefore show how temporal
continuity is recoverable from the intrinsic dynamics of emergent systems that lawfully produce
ordered succession among correlated configurations.

The burden, therefore, is not merely to construct correlated configurations or to describe their
relational comparison. A theory of emergent time must do more than exhibit statistical correlation
among states; it must lawfully generate ordered continuation as a consequence of its intrinsic
dynamical structure. Correlation alone does not constitute succession. The coexistence of related
configurations does not establish dynamical continuity. Ordered continuation must be generated
internally by the theory’s operative dynamics, not retrospectively inferred from relational comparison.

To demonstrate emergent time, a theory must show how correlated configurations become
sequentially inheritable—how structural relations generate lawful continuation rather than simply
permit comparative ordering. Succession must arise from the system’s own generative processes, not
from an external parameter that advances already correlated states.

The literature on quantum gravity has broadly recognized that time must be emergent in a unified
framework. The persistent tension between formally timeless fundamental equations and temporally
structured phenomenology—often referred to as the “Problem of Time"—remains structurally
unresolved. To date, no broadly accepted approach to quantum gravity has satisfied the strongest
internally generative form of the emergent-time criterion—namely, the complete elimination of time
as a primitive variable at the foundational level, followed by its lawful re-emergence from an
internally generated dynamical relation that produces ordered succession without hidden temporal
scaffolding.

Canonical quantum gravity, in particular, removes external time at the formal level through the
Wheeler—DeWitt equation, yielding a stationary global wavefunction in which no preferred temporal
parameter appears [DeWitt 1967; Kuchar 1992]. Relational and conditional-probability approaches
similarly successfully in limited domains attempt to recover temporal ordering through correlations
between subsystems [Page & Wootters 1983; Rovelli 1991, Barbour 1999]. These are the canonical
pillars of relational time. However, while these programs eliminate time as an explicit external
parameter, the recovery of ordered succession generally relies on the introduction of relational
clocks, auxiliary structures, semiclassical approximations, or comparison frameworks that effectively
reintroduce an ordering parameter within restricted domains.

The deepest formulation of the Problem of Time is therefore structural rather than interpretive: how
can ordered temporal succession arise within a formally timeless theory without presupposing
temporal structure at any stage of continuity between configurations? Canonical quantum gravity
exposes this tension most starkly in the frozen formalism of the Wheeler—DeWitt equation. While
internal constraints can be imposed and relational schemes can reconstruct effective ordering, these
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approaches do not yet supply a fully internal dynamical regulator that generates ordered continuation
directly from the intrinsic structure of the theory itself.

The distinction is significant. Correlation is not succession. A set of statistically correlated
configurations, however richly structured does not by itself generate directional continuity.
Comparative ordering is not equivalent to generative continuation. A complete theory of emergent
time must therefore do more than eliminate time as a primitive parameter; it must identify a lawful
internal mechanism by which ordered continuation is dynamically produced from formally timeless
probabilistic structure.

The unresolved question is not whether time can be reconstructed from correlations, but whether
succession can be generated without temporal scaffolding. The requirement is not descriptive
adequacy but structural sufficiency: the theory must contain within its own dynamical architecture a
regulator capable of producing ordered continuation as a necessary consequence of its operation.

No Motion Frameworks
Within certain formulations of fundamental physics, particularly those emphasizing block-like or

timeless structures, the notion of motion as a primitive physical reality is called into question. In such
views, the universe is described as a fully specified configuration space in which all states coexist,
and what is perceived as motion is reinterpreted as a limit relation between configurations rather
than an intrinsic process. UTT acknowledges this perspective as a legitimate consequence of invariant
structure: at the most fundamental level, there is no requirement that motion exists as an
independent ontological entity.

However, UTT does not pursue the elimination of motion as an explanatory endpoint. Instead, it
recognizes that rate of change is an empirically unavoidable feature of physical systems. Observable
processes—oscillations, transitions, interactions—exhibit structured variation that cannot be reduced
to purely relational description without losing contact with measurement. What appears as motion is
therefore not fundamental, but neither is it illusory; it is the manifest expression of evolving
configurations under constraint. The relevant quantity is not motion as a primitive but the rate at
which physically admissible configurations change.

While approaches such as Barbour’s Platonia eliminate motion by reducing reality to a static
configuration space, UTT retains the empirical necessity of rate as a physically realized quantity.
What is rejected is not change itself, but its elevation to a primitive. In UTT, change arises from
constrained phase evolution, and time does not emerge from configurations alone, but from the
structured propagation and stabilization of change across systems.

A decisive constraint follows. If a theory lacks an internally realized mechanism capable of generating
ordering from within its own states, then any ordering employed is not emergent but imposed.
Temporal succession cannot arise autonomously without a physically grounded asymmetry intrinsic to
the system. In its absence, ordering is necessarily derivative of an external or auxiliary structure.

44



This reveals the limitation of fully symmetric formulations. When no configuration is distinguished as
a causal origin, no intrinsic direction of succession can arise. A fully symmetric structure admits all
configurations equally; without asymmetry, none can be selected as a beginning, and temporal order
cannot be generated internally. In such cases, temporal structure is not derived but assumed.

From this standpoint, time is not denied—it is defined. UTT develops time as the macroscopic
ordering of physical processes undergoing constrained rates of change. Stabilized phase relations,
once formed and embedded into record-bearing structures, provide the basis for comparability across
systems. It is this ordered succession of persistently evolving configurations that constitutes temporal
structure. Time does not pre-exist physical change; it emerges from it—not as an abstract parameter,
but as the coherent, system-wide organization of observable rates of change.

Reconstruction vs. Generation
UTT defines a stringent methodological standard for any account of emergent time. Its central

interrogation is whether temporal succession is genuinely generated from within the ontology of the
theory itself. Time, if emergent, must arise as a necessary consequence of the theory’s foundational
structure—not as a feature recovered through strategies introduced to advance configuration states.
Any formalism that requires a parameter, rule, or auxiliary device to move configurations from one
state to another, that does not arise from lawful dynamics internal to the theory retains succession
within its dynamical machinery. UTT instead demands that the foundational equations contain no
advancing variable whatsoever. Temporal ordering must appear only as the emergent consequence
of deeper structural principles, not as the mechanism by which those principles evolve.

Where succession depends upon the introduction of auxiliary principles—such as the designation of
an internal clock degree of freedom required to advance correlated configurations, temporal ordering
is operationally reconstructed rather than ontologically compelled. In such cases, the architecture of
time remains embedded in the formalism from the outset, even if renamed or relationally recast.

In many physical formalisms, evolution is expressed through an action principle, and action is defined
by variation along an ordering parameter taken to be proper time. Even in frameworks advertised as
timeless, something functionally equivalent to a time-like parameter remains indispensable for
describing change. The difficulty, therefore, is deeper than the presupposition of time as a variable.
The true bottleneck in the problem of time is the apparent indispensability of time-like structure in
the very grammar of dynamical description.

. . . . . d .
In standard formulations, evolution is written schematically as - (something). A parameter advances

configurations; variation is computed along it; transitions are ordered by it. If the formalism requires
such an advancing parameter in order to define change, then temporal structure is already
embedded at the base level. A genuinely emergent account must therefore replace evolution-as-
parameterized-flow with structural transformation that does not presuppose succession. The
challenge is not merely to rename time, but to describe change without invoking a successor relation
in disguise.
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Configuration states may be the subject of the formalism, but action—variation, transition,
comparison—demands ordering. And ordering is indistinguishable from time-like structure. In this
sense, time is not merely a parameter; it is the organizing syntax of dynamical language. If time-like
behavior is required in order to formulate the foundational action itself, then time is structurally prior
rather than emergent. The generative condition of time must therefore be describable without any
ordering variable whatsoever. Only then can temporality be said to arise rather than be assumed.

UTT adopts a stricter demand: time must not function as a dynamical mechanism within the
foundational equations at all. A parameter that advances configurations, orders transitions, or
indexes change is already performing the structural role of time. If such a parameter appears at the
base level, then temporal succession has been presupposed rather than derived. Time-like behavior
cannot participate in the evolution of states from which time is claimed to emerge, for this would
embed the very ordering principle required to produce temporality within the machinery intended to
generate it.

Emergence requires logical symmetry. A genuinely emergent account cannot presuppose the very
structure it seeks to explain. If proper time parametrizes phase while the action simultaneously
defines proper time, then succession is already embedded in the formalism. Renaming this structure
as “relational” does not remove the dependence; it merely recasts it. The result is not emergence,
but re-description.

The condition that gives rise to time cannot itself be ordered by time-like constructs. If an advancing
parameter governs state evolution, then succession is built in from the outset, and the appearance of
time is guaranteed by assumption rather than derived from mechanism. A consistent emergent
framework must therefore begin without any advancing parameter whatsoever. Temporal succession
must arise only as a consequence of deeper structural conditions—such as stabilization, coherence
constraint, or irreversible record formation—and not as the parameter that governs their unfolding. If
time serves as the engine of evolution, it cannot simultaneously be its product. Emergence demands
that ordering be derived, not assumed; compelled, nor embedded.

UTT therefore distinguishes between reconstruction and generation. A theory reconstructs time when
ordering depends upon definitional insertion—through internal clock choice, preferred slicing, coarse-
graining schemes, or auxiliary parameterization. A theory generates time only when temporal
ordering follows necessarily from its intrinsic emergent architecture, without the addition of stipulated
rules or externally imposed structures. The criterion is operational and precise. An intrinsically
compelled ordering mechanism must satisfy the following:

e Succession follows from structural constraints already present in the foundational formalism.
e Ordering is independent of arbitrary coordinate choice or parameterization.

e No auxiliary rule is required to distinguish “earlier” from “later.”

e Monotonic structure arises as an unavoidable feature of admissible configurations.
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If these conditions are met, temporal structure is earned by the ontology itself. If they are not, time
remains contingent upon methodological choice rather than ontological consequence. UTT embraces
this high bar deliberately: it seeks to show how temporal succession becomes inevitable when
coherence, constraint, and metrological stabilization are allowed to unfold time from within the
theory’s own structural content.

In conventional dynamics, the action is introduced as an integral over an advancing parameter—
typically coordinate time: S[q] = ftrf L(q, g, t) dt. Variation of S then selects admissible trajectories

through extremization [Goldstein, Poole & Safko, 2002; Landau & Lifshitz, 1976]. This construction is
mathematically complete and extraordinarily successful. However, its grammar already presumes an
ordering parameter t with respect to which configurations are sequenced. The integral does not
merely evaluate motion—it requires an ordered domain over which accumulation is defined.

UTT identifies this as a structurally decisive point. The ordering required to define “evolution” is not
derived; it is embedded in the measure of action itself. The parameter t is not a consequence of the
dynamics—it is a precondition for expressing them. As a result, the action principle does not generate
temporal succession; it operates within a framework in which succession is already assumed.

This connection is most transparent at the level of the wavefunction. In standard quantum
mechanics, unitary time evolution is given by: W(t) = e R ¥,, for a time-independent Hamiltonian H.

For an energy eigenstate with definite energy E, this reduces to: ¥(t) = e HE ¥,. The phase in the
exponent is directly related to the classical action. For a system with constant energy, the action
along the trajectory is S = Et, so the wavefunction takes the form W ~ ei8/%, In this sense, quantum
phase evolution is governed by the action, with the accumulated phase proportional to S/#.

But this also exposes the problem. Action itself is defined as an integral over time: S = [ L dt. Here
again, phase is expressed as accumulating with respect to an external parameter. So even when
expressed through action, phase is still accumulating with respect to time. The formalism tells us how
phase evolves given time, but it does not explain what physically establishes the ordering that allows
phase to accumulate in the first place. Time is used to define phase, while phase is used to measure
time. This is the circular point.

The critical concept is that phase accrues monotonically. It does not jump, reorder, or reverse; it
accumulates in a single, consistent direction under unitary evolution. This monotonic accumulation is
not imposed by an external parameter—it is an intrinsic property of the Hamiltonian’s evolution.

Each 2w phase cycle defines a unit of oscillatory records completion, but only resolved and stabilized
cycles become records. Successive records arise from the persistence of prior stabilized phase,
allowing ordered accumulation to be physically realized. Each new cycle is therefore not independent;
it depends on the continuity of coherent phase evolution and the retention of prior stabilized
structure.
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From this, a decisive conclusion follows: if phase accrues monotonically, then an ordering already
exists. The sequence of states is not imposed externally—it is inherent in the accumulation itself.
Each increment of phase defines a relation to what came before, establishing a natural succession
without the need for an external ordering parameter.

Only two ingredients are required:

e an ordering principle, which ensures accumulation proceeds consistently
e a rate of accumulation, which determines how quickly phase advances

Crucially, time is not required to supply that ordering. In standard quantum mechanics, time t is

introduced as the parameter that tracks this accumulation: ¥(t) = et ¥,. But here, t does not
generate ordering—it labels it. It provides a convenient global parameter, enables derivatives such as
d/dt, and makes the mathematics tractable. Yet physically, it does not explain why phase is ordered.
It only expresses that ordering relative to other variables.

UTT takes the next step. If ordering is already implied by monotonic phase accumulation, then the
real question is: What physically enforces that ordered accumulation? UTT answers: coherence
constraint at emission.

Phase exists as a global, non-temporal structure. Gravitational potential and interaction do not drive
phase forward in time; they constrain which phase relations can be stabilized and persist. Only those
configurations that satisfy coherence conditions become physically realizable and recordable. This
selective stabilization transforms latent phase ordering into an observable sequence.

UTT reframes this structure by removing the advancing parameter t from the point of origin. Time is
not instantiated in the emergence condition: ' = f,, - e*s nor does it act during unitary propagation,
which proceeds under standard quantum mechanical evolution. While this relation may quantify
phase evolution with respect to time, time itself does not define the rate at which that phase
evolution is instantiated at formation.

In this framework, the action principle is not required as a foundational construct. It is not invoked to
generate evolution, because evolution is not parameterized a priori. Instead, action is defined
through first principles of observation in which ordered succession arises directly from the
stabilization of unitary phase evolution under constraint.

What appears in conventional form as action accumulated over a scalar time interval is reinterpreted
as the observational trace of phase configurations that have successfully stabilized and persisted. No
external variational principle is required to select admissible configurations; selection occurs
physically through the constraint structure imposed on the wavefunction.

The extremization of action is therefore not a governing rule of fundamental dynamics, but a
necessary consequence of integrating scalar quantities within a geometric formalism. What the GR
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formalism gains in ontological closure, it forfeits in causal transparency, retaining a circular
dependence in which time parametrizes phase while phase defines time.

The structure is complete at the level of invariant description, yet it leaves the microphysical origin of
that structure unassigned—specifically, the mechanism by which phase evolution becomes locally
constrained and differentially realized under varying physical conditions.

Endogenous Chronogenesis
UTT's framework advances an internally generated mechanism of temporal ordering—here termed

endogenous chronogenesis whereby succession arises from an internally generated mechanism that
transforms static correlation structure into ordered succession. Etymologically, the term derives from
endogenous (arising from within), chrono- (time), and -genesis (coming-into-being), and thus
denotes the internal generation of time. The central distinction is structural: does a theory produce
temporal ordering from non-temporal dynamics, or must it import ordering through auxiliary
constructions? Many treatments of emergent time rely on clock selection, semiclassical expansion,
boundary conditions, coarse-graining, or imposed causal structure to recover effective evolution. By
contrast, endogenous chronogenesis requires that the ordering principle responsible for temporal
succession be rooted in the internal constraints of the theory itself.

Does the theory contain a scalar or structural invariant that increases (or decreases) monotonically
under admissible evolution, and does this invariant arise from the theory’s own constraints? If yes—
chronogenesis is endogenous. If no—time is reconstructed.

An intrinsically determined ordering mechanism is an internally generated structural law that uniquely
establishes a monotonic succession of admissible configurations independent of coordinate choice,
clock selection, or imposed boundary conditions. In such a framework, temporal ordering follows as a
necessary consequence of the theory’s own foundational architecture without the introduction of
stipulated rules, auxiliary conditions, or externally imposed parameterizations. Where ordering
requires additional postulates not already ontologically expressed within the base formalism, temporal
structure is reconstructed rather than generated.

The distinction at stake is between what is structurally compelled and what is stipulated. A
mechanism is stipulated when it must be introduced by rule, definition, auxiliary condition, or
imposed parameter in order to recover temporal ordering. In such cases, succession is not derived
from the ontology but appended to it. Clock choices, imposed foliations, semiclassical approximations,
or boundary asymmetries may successfully reconstruct time operationally, but they do so by
introducing auxiliary structure in order to advance configuration states. In each case, a successor
relation is supplied so that change can be described. Temporal ordering is therefore operationally
restored to the framework rather than structurally derived. Succession is enabled by methodological
insertion rather than compelled by the intrinsic architecture of the theory. Time, in this setting, is
granted primacy through the mechanisms used to recover it, rather than earned as a consequence of
internal dynamics.
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By contrast, an intrinsically compelled ordering mechanism is one in which succession follows
necessarily from the theory’s own structural content. No auxiliary rule is added; no parameter is
inserted; no external selection principle is invoked. Temporal direction emerges because the ontology
itself constrains admissible configurations in a way that produces unavoidable monotonic structure. In
this sense, chronogenesis is not reconstructed but generated. The decisive question, therefore, is
whether time arises as a logical consequence of the theory’s constraint architecture or whether it
requires a supplementary ordering principle. The former reflects structural inevitability; the latter
reflects postulated addition.

Emergent time, if it is genuinely emergent, must arise from conditions internal to the theory’s own
structural content. It cannot depend upon a stipulated ordering rule or the introduction of an auxiliary
clock degree of freedom supplied for the purpose of advancing configurations. If succession appears
only after additional structuring principles are inserted to render change describable, then time has
been reconstructed rather than generated. In such cases, temporal ordering is appended to the
framework as a methodological device rather than derived as a necessary consequence of its
foundational architecture.

The decisive distinction lies in whether the theory contains an internally necessitated ordering
principle—one that follows inevitably from its constraint architecture and produces monotonic
succession without external supplementation. The presence or absence of such an emergent ordering
condition marks the difference between recovering time from correlations and generating time from
within the theory’s own emergent dynamics. True chronogenesis must be structurally earned by the
ontology, not granted by stipulation.

If succession depends on exogeneous—external parameterization, the emergence of time remains
incomplete. Endogenous chronogenesis asserts that temporal direction and succession arise when
intrinsic coherence constraints acting within the formal structure, stabilize correlations into
irreversible record structure. Temporal ordering is therefore not appended or approximated, but
defined from first principles emergent behavior. The substance of the proposal lies in whether the
framework genuinely supplies an internal mechanism that advances configurations without importing
time from outside its foundational principles.

A genuinely emergent account must not assume succession in any disguised form. The theory must
be able to move from Hilbert space structure, through constraint conditioned emergence and
stabilization, to metrologically defined clock behavior without invoking the word “time” at the
foundational level. Ordering must arise as a structural consequence of stabilized and irreversible
records accumulation. In that sense, time is generated when internal coherence constraints produce
unavoidable monotonic structure. If a theory can narrate its entire development from global
wavefunction to operational clock rates without presupposing temporal ordering, then endogenous
chronogenesis is earned rather than assumed.
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Why Phase Becomes Necessary Under UTT’s Two Methodological Conditions
Under UTT's first methodological condition, time cannot be treated as a primitive—there can be no

external parameter advancing states, no background clock, no hidden sequencing device, and no
variable that already presupposes order. Yet quantum formalism already contains a structure that
evolves without invoking time as an ontological substance: unitary phase evolution. Even when
written as | Y(t)) = e iHt% | ), the operative structure is not a flowing temporal medium but the
action of the generator H producing phase rotation in Hilbert space. The parameter t merely labels a
continuous family of transformations; what is physically active is the lawful rotation of amplitudes.
Through this complex rotation space, the theory supplies continuous change, generator-driven
inheritance of states, preservation of norm, and the interference structure upon which measurement
depends without positing time as a foundational entity. In this sense, phase evolution satisfies the
first constraint: it provides dynamical continuity without presupposing temporal substance.

The second methodological condition is stronger: ordered temporal succession must be generated
internally by the theory’s own dynamics, not reconstructed from static correlations among states. It is
here that phase becomes indispensable.

Phase evolution under a fixed generator is not merely directional—it is self-generated. When a
Hamiltonian acts on a state, it does not simply relate configurations statistically; it produces an
ordered family of states through lawful, continuous transformation.

In quantum theory, the evolution of a physical system is governed by the Schrédinger equation:
ih%—‘f = A ¥, whose formal solution is given by the unitary operator: W(t) = e~ Y2y, This
expression defines a one-parameter unitary group generated by the Hamiltonian H, which maps an
initial state ¥, to a continuous family of states. The parameter t labels this family, but the essential

structure lies in the generator itself: the Hamiltonian produces an ordered sequence of configurations
through continuous phase rotation in Hilbert space. [Shankar 2012; Sakurai & Napolitano 2017].

At this level, phase is not an auxiliary quantity; it is the operational expression of the system’s
dynamical evolution. The exponential operator e~i/" encodes the accumulated action, such that the
evolution of the state is equivalently described as a continuous accumulation of phase. In this sense,
phase evolution is not imposed externally—it is generated intrinsically by the dynamics of the system.
The Hamiltonian does not merely relate states; it generates them through continuous phase
transformation.

Crucially, this evolution does not require an external ordering parameter to impose succession. The
generator itself defines a one-parameter unitary flow, within which each record forming state arises
from the preceding one by a determinate rule. In this sense, phase evolution is self-indexing: the
ordering of configurations is produced by the structure of the transformation itself, not by reference
to an external temporal backdrop.
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This distinction becomes critical when contrasted with purely relational or correlation-based
descriptions. Static correlations between configurations can establish equivalence or comparison, but
they cannot produce ordered succession. Without a generator, there is no rule by which one
configuration gives rise to another. As emphasized in foundational discussions of quantum gravity
and the “problem of time,” correlations alone are insufficient to recover dynamical ordering [Rovelli
2004].

Phase plays the central role in this construction. Because the wavefunction evolves as: ¥ ~ 8/, with
S the action, phase accumulation directly encodes the dynamical progression of the system. The
ordering of states is therefore not externally imposed, but arises from the continuous accumulation of
phase under the governing operator. Phase evolution is self-generated: it produces the ordered
succession that is later interpreted as time.

This leads to a crucial conceptual distinction. Time, as commonly understood, appears as a parameter
indexing the sequence of states. However, within the formalism, it is the phase evolution generated
by the Hamiltonian that provides the internal continuity required for that sequence to exist at all.

The distinction can be made precise by recognizing that not all structures capable of relating
configurations are capable of generating succession. Correlation provides a means of comparison: it
establishes relationships between configurations, allowing one state to be related to another within a
shared framework. Yet correlation, by itself, remains fundamentally static. It can indicate that
configurations are connected, but it cannot determine how one gives rise to the next.

By contrast, a generator introduces a fundamentally different structure: it does not merely relate
configurations—it produces them. Acting continuously on a state, the generator traces a trajectory
through state space with each configuration arising from its predecessor according to a well-defined
dynamical rule. In doing so, it establishes an intrinsic ordering that is not imposed after the fact, but
generated directly through the evolution itself.

Within quantum theory, this dual role is realized by the Hamiltonian. It serves simultaneously as the
generator of successive states and the rule that orders them. Through unitary evolution, the
Hamiltonian advances the wavefunction in time while the associated phase accumulation encodes the
continuity of that progression. Each state emerges from the last according to a single governing
structure, so that generation and ordering are not separate operations, but two aspects of the same
dynamical law.

Phase evolution therefore does more than connect states—it organizes them into a coherent
succession. The Hamiltonian does not simply produce a sequence; it defines the ordering within that
sequence binding configurations into a continuous and lawful progression.

Seen in this light, the distinction resolves into a hierarchy of structure:

e Correlation compares configurations
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e The generator produces configuration
e And phase evolution links configurations into an ordered succession

The implication is ontologically significant: the continuity required for temporal succession must arise
from within the dynamics governing correlated states themselves. In quantum theory, this continuity
is supplied by unitary evolution under the Hamiltonian, through which the wavefunction accumulates
phase in a continuous and law-governed manner.

Phase evolution is therefore an intrinsic feature—it provides the internal structure that links
successive configurations, ensuring that each state follows from its predecessor according to a
consistent dynamical rule. In this way, temporal succession is not imposed externally, but generated
by the intrinsic evolution of the system.

A crucial distinction emerges. In many frameworks, the construction of correlated states is treated as
conceptually prior to their ordering, so that the ordering principle is effectively constrained to arrange
a pre-existing set of configurations. Ordering, in this view, acts as an external indexing applied after
the states are given.

The role of the generator is fundamentally different. It is both the mechanism that brings successive
configurations into existence and the principle that orders them. Generation and ordering are
therefore not separable operations: the same dynamical law that produces each state also
determines its position within the sequence.

This distinction is essential. The generator does not act upon a predefined set of states; it defines the
sequence itself. Ordering is not imposed on configurations—it is intrinsic to the process that gives rise
to them.

Within quantum theory, this structure is realized by the Hamiltonian, whose role is fundamentally
dual and inseparable. It is not possible to distinguish a primary set of states from a secondary
ordering principle, because both arise together through the same dynamical law. When the
Hamiltonian acts on a state, it generates a continuous trajectory in state space, in which each
configuration emerges from its predecessor through a lawful transformation. The ordering is
therefore not superimposed—it is constructed in the very act of generation.

The Hamiltonian is thus simultaneously the source of succession and the principle that orders it. This
dual role eliminates the need for an external temporal scaffold: there is no requirement to posit a
background parameter that arranges states into sequence. The sequence exists because the
evolution itself defines the rule by which one configuration gives rise to the next.

Phase evolution makes this inseparability explicit. As the Hamiltonian governs the evolution of the
wavefunction, phase accumulates continuously, encoding both the transformation of states and the
relation between them. Each configuration carries within it the phase structure that links it to its
predecessor forming a chain of internally generated succession.
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In this way, the Hamiltonian does not merely order a sequence—it brings the sequence into being.
Generation and ordering are not distinct operations, but two aspects of a single process. Succession
is not applied to states; it is generated with them and the distinction between state and ordering
principle dissolves within the dynamics that produce both.

Why Correlation Alone Fails
Relational or static-correlated models attempt to extract temporal ordering from mutual information

availability across configurations, conditional probability, or constraint equations defined over
correlated configurations. While such approaches can establish comparison—showing that one
configuration is statistically related to another, they do not generate intrinsic succession. Correlation
permits relational labeling; it does not lawfully produce continuation. A subject plus a condition does
not make an action. Static constraints define coexistence, not inheritance. What is missing is a
generator that links one configuration to the next through an internally operative rule. Phase
evolution under a Hamiltonian provides precisely that: a lawful transformation that carries a state
forward through a continuous trajectory in state space. Where correlation compares, phase evolution
generates. It is this generator-driven inheritance—not mere relational consistency that can ground
ordered continuation within the theory itself.

Why Phase Is the Correct Primitive Layer
Phase occupies the correct primitive layer because it is the only dynamical quantity that exists prior

to operational time; it is structurally mandated by the complex architecture of Hilbert space; it
evolves under a generator; it preserves probability through unitarity; it produces interference—the
very basis of measurement—and it can be locally constrained and predicted by physical conditions. It
therefore provides a lawful, generator-driven inheritance relation without presupposing temporal
substance. UTT’s pivot follows directly: time is not the parameter that advances phase; rather, time
is what appears when phase becomes constrained, stabilized, irreversibly resolved, and embedded in
record-bearing structure. The structural chain is clear:

o Hilbert space yields complex amplitudes

e Complex amplitudes undergo unitary phase rotation
e Unitary rotation produces lawful inheritance

e Coherence constraints restrict admissibility

e Restriction enables irreversible stabilization

e And stabilization manifests as entropic succession

So the structure is: Hilbert space — complex amplitudes — unitary phase rotation — lawful
inheritance — coherence constraint — irreversible stabilization — entropic succession.

While generator-driven dynamics are responsible for producing succession, phase is the only known
quantity through which that succession becomes physically realized and observable. The Hamiltonian
generates the evolution and the action accumulates invariantly, but both enter physical description
only through the phase of the wavefunction.
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No other quantity simultaneously encodes the generator, accumulates continuously, preserves
invariant structure, and provides a relationally accessible link between successive configurations.
Proper time parameterizes evolution but does not generate it; action accumulates but is not directly
observable; correlation compares states but does not produce succession.

Phase is therefore not merely associated with physical evolution—it is the quantity through which the
ordered progression of states is most directly realized in known physical systems. This structure is
not abstract; it is already present in the simplest dynamical descriptions. A photon provides a clear
illustration.

A photon propagating through space does not carry an intrinsic clock in the classical sense. Along a
null worldline, proper time does not accumulate. Yet the photon is described by a well-defined
frequency, wavelength, and phase. What evolves is not proper time, but the phase of the field.

This description arises directly from the standard wave and quantum-mechanical representation of a
free particle. Solutions to the wave equation (and, in quantum theory, plane-wave solutions to the
relativistic field equations) take the form: (x,t) « el®*~®Y where the phase ¢ = kx — wt
accumulates continuously along the trajectory. This form follows from the dispersion relation w = ck
for massless particles and is foundational in both classical wave theory and quantum field theory
(see, e.g., Richard Feynman, QED; Steven Weinberg, The Quantum Theory of Fields; David Griffiths,
Introduction to Quantum Mechanics).

In this formulation, each point along the photon’s trajectory is not merely labeled by an external
parameter; rather, the state is specified through the accumulated phase. The ordering of
configurations is therefore encoded in the phase structure of the solution itself as governed by the
underlying dynamical equations.

This makes the distinction precise, but it must be stated carefully: even for a photon, phase evolution
is expressed with respect to a parameter (such as coordinate time or an affine parameter along the
null trajectory). What is absent is proper-time accumulation. The photon therefore illustrates that
ordered evolution does not require proper time, even though it remains parameterized within the
formalism.

The photon thus demonstrates a general structural feature: the generator (through the dispersion
relation or Hamiltonian) governs evolution, phase accumulates continuously, and successive
configurations are linked through that accumulation. Proper time is not required for this ordering;
instead, it emerges as a special case of invariant parametrization for timelike systems.

What is missing in the isolated photon is relational comparability. A single system’s phase evolution is
internally well-defined, but it becomes meaningful as “time” only when it can be compared through
interaction with other systems. It is this step, from internally generated phase progression to shared,
comparable phase structure that completes the construction of time in UTT.

55



The photon therefore illustrates the more limited but defensible principle: ordered evolution is
physically realized through phase accumulation, while globally shared time arises when such phase
evolution becomes comparable across distributed systems.

Constraint-Conditioned Phase Structure as a Minimal Substrate for Chronogenesis
Under a strict non-presupposition standard—i.e., a standard that forbids any time-like successor

parameter in the foundational grammar, the most viable candidate substrate for emergent temporal
ordering is constraint-conditioned phase structure (coherence), because it is (i) intrinsic to Hilbert-
space physics, (ii) capable of supporting continuity without an advancing parameter, and (iii)
naturally admits irreversible stabilization into records under interaction and constraint.

Phase rotation exists independently of temporal interpretation; it is a necessary transformation
between states mandated by the underlying mathematical structure. Structured phase relations are
mathematically required by the complex architecture of Hilbert space, and that generator-defined
unitary structure governs admissible transformations within that space without presupposing
temporal succession. In this light, unitary phase structure is not an evolving clock but a lawful
continuity relation intrinsic to the formalism itself.

When such phase continuity becomes locally constrained through interaction, decoherence, and
stabilization, it yields irreversible structural differentiation. It is this irreversible stabilization of phase
inheritance, not an externally advancing parameter that constitutes what we call the arrow of time.
Time is therefore derivative of constraint-conditioned phase structure. It emerges from the lawful
dynamics of stabilization and record formation rather than functioning as a primitive sequencing
device imposed upon the system.

Assumptions: UTT's standard can be stated as the following requirements on any candidate substrate
X proposed to underwrite emergent time:

e Non-presupposition: The foundational formalism contains no advancing parameter (no built-in
successor index) used to generate or order configurations.

e Intrinsic continuity: The theory must contain a lawful notion of continuity between related
configurations that does not require external temporal parameterization.

e Endogenous ordering: Temporal ordering must arise only as a consequence of intrinsic structural
principles.

e Record criterion: “"Time"” becomes meaningful only when configurations admit irreversible
stabilization and transferable record structure (metrological indexability). Ordering is permitted
only downstream of stable record formation.

By requiring that the generative condition of time be entirely non-temporal, UTT sets a
methodological asymmetry that cannot be satisfied merely by reinterpretation or relabeling of
successor structure. A framework that meets this condition must eliminate time-like ordering from its
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foundational grammar altogether; it cannot recover emergence by refining or renaming an advancing
parameter.

This is not a matter of interpretive preference but of logical architecture. If temporality is absent from
the initial generative condition, it cannot be subtly reintroduced without violating the very asymmetry
required for emergence. The standard therefore cannot be met by semantic substitution; it demands

structural reconfiguration at the base level of the formalism.

Phase is not an interpretive artifact or illusory mode change; it is intrinsic to the complex Hilbert-
space structure of quantum theory. Superposition with complex amplitudes necessarily entails relative
phase, and relative phase is operationally real through interference phenomena. In this sense, phase
structure is present prior to any temporal interpretation and is required for physics to be quantum at
all. Phase arises independently of time. It is physically and mathematically embedded in the formal
architecture that precedes temporal description.

Under the methodological axiom of non-presupposed chronogenesis, constraint-conditioned phase
structure therefore stands as the most viable minimal substrate for endogenous time emergence. It is
structurally prior, mathematically intrinsic, and capable—when locally constrained through interaction
and stabilization of yielding irreversible differentiation and record formation without invoking an
advancing parameter. Within this framework, temporality is not imposed upon phase dynamics; it is
the metrological consequence of stabilized phase inheritance. Phase structure is fundamental; time is
a derivative readout of that successive stability.

f, in the Coherence-saturated Limit (®=0, a=0)
In UTT, the coherence-saturated limit (® = 0,a = 0) serves as an idealized reference state in which

unitary phase evolution proceeds without gravitational indexing. While flat spacetime is
mathematically well-defined in GR and locally approximated in inertial frames, no physically realized
oscillator is ever formed in a truly unconstrained environment. All persistent atomic and subatomic
systems emerge within some nonzero gravitational potential, and their spectral properties are
therefore indexed at formation by the local coherence-retention factor e®e.

The (® = 0) condition thus functions as a necessary ontological reference baseline, not a physically
realizable state. It defines the maximally accessible coherence bandwidth, against which all
constrained systems are measured. It is within this domain that f, acquires its operational meaning.

f, is the reference frequency corresponding to unconstrained phase accumulation—the rate at which
phase would be stabilized and resolved in the absence of gravitational constraint. In this sense, f,
represents the upper bound of superpositional Jacobian configurations governing phase evolution.

Observed frequencies f' are then understood as indexed realizations of this reference: f' = f, - e“,
where the exponential factor encodes the fraction of phase evolution that remains coherently
accessible under local gravitational conditions.
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Thus, f, is not directly measured and does not exist as an isolated physical oscillator; it is inferred as
the global reference limit of phase accessibility. It provides the normalization point for all
gravitationally indexed frequencies. In this way, f, functions as an unconstrained global reference
standard—a theoretical construct that allows all real oscillators, formed under constraint, to be
compared within a common, coherence-indexed framework.

Standard frequency references, such as those maintained by National Institute of Standards and
Technology (NIST), do not define f, in the UTT sense. They represent frequencies realized within a
gravitational environment and corrected relative to a chosen reference frame, typically Earth’s geoid.
For example, the Cs-133 reference transition frequency (9,192,631,770 Hz) corresponds, under UTT,
to a locally indexed frequency f’, defined by: f’ = f, - e%e®athgecid) Tn this sense, f, is not directly
measured, nor does it correspond to a physically isolated oscillator; it is extrapolated as the
coherence-saturated limit of phase accumulation at ® = 0. The NIST-defined value therefore serves
as a gravitationally indexed realization of this underlying phase standard, anchored to Earth’s
potential.

Standard frequency metrology thus provides the experimental anchor, while UTT defines the
reference limit toward which those measurements asymptotically point. All physically realized
frequencies are accordingly understood as constraint-conditioned projections of an underlying
coherence standard, obtained by normalizing measured values through the removal of gravitational

. . f!
indexing g (Earth geoid) fo.

Global Normalization and the Reference-State Structure
General Relativity fixes a global normalization of the time coordinate dt(o) in static spacetimes by

imposing: g,,(0) = 1, thereby establishing dt as a reference state relative to which all local proper
times are defined. Under this normalization, coordinate time dt coincides with proper time at infinity,
dt, = dt, and local proper times dt(r) are expressed as proportional reductions governed by the
metric:

dt(r) = ’1 — Zr(ilzvl dt

This construction provides the formal backbone of gravitational redshift: all observed rate differences
are ultimately referenced to this globally normalized baseline dt. While GR treats this normalization as
a coordinate choice—fixing the scale of the timelike Killing field with no independent physical
ontology—it nevertheless plays an indispensable structural role. It defines the common reference
against which all local temporal rates are compared and thereby underwrites the consistency of
redshift relations across spacetime.

In this precise sense, GR contains an implicit reference-state structure in dt: a globally normalized
baseline that anchors the comparison of all local proper times. Yet this baseline is strictly geometric.
The coordinate time dt functions as a shared formal normalization parameter—a bookkeeping device
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that enables comparison but carries no intrinsic physical content. It is not an oscillator, not a phase
standard, and not an observable quantity; it cancels from all invariant predictions, leaving only
relational structure.

UTT preserves this multiplicative scaling framework but departs at the level of interpretation. It
retains the same coordinate indexing structure while reassigning ontological status to the global
reference term dt. The quantity f,, is a coherence-saturated phase baseline: the limiting rate of
unconstrained phase accessibility against which all gravitationally indexed frequencies are defined.
Where GR'’s baseline is removable by gauge, UTT’s baseline is taken to be physically meaningful,
even if not directly realizable.

The contrast can therefore be stated sharply: In GR, dt is a shared formal normalization baseline; in
UTT, f, is a shared physical phase baseline. Both frameworks employ an identical scaling structure—
local rates expressed as proportional reductions relative to a global reference. The divergence lies not
in the mathematics, but in the status of that reference. In GR, the baseline is geometric and
eliminable; in UTT, it is physical and foundational. This distinction marks the transition from a purely
relational description of temporal rates to one grounded in an underlying structure of phase
accessibility.

From Measured Phase to Structural Interpretation
Metrological experiments determine invariant relations; they do not determine what those relations

ontologically represent. Modern optical lattice clock (OLC) experiments, such as Bothwell et al.
(2022), make no claim about the ontological status of time. They do not attempt to adjudicate
whether time is fundamental, emergent, geometric, or otherwise. Experiments access invariant
quantities, not ontological interpretations; they measure phase accumulation and frequency ratios
across gravitational gradients. Where these invariant quantities enable comparison, they fix the
relational structure of physical behavior to extraordinary precision, yet remain silent on the
ontological identity of the quantities being compared. The formal content of the measurement is
therefore complete, while its interpretive ordering remains underdetermined.

The experiment’s objective is operational: to engineer a spatially indexed, coherence-preserving
atomic ensemble in which accumulated relative phase is conditioned by the local gravitational
potential gradient (® — a), thereby enabling spatial resolution of differential phase accumulation
across the ensemble in what may be described in UTT'’s terminology as phase “shear” or “dispersion.

n

No measurement of frequency, time dilation, or phase is obtained from an isolated system. All such
quantities are accessed relationally, through comparison against a reference standard or between
coupled subsystems. What is measured is not an absolute value, but a difference—a shift, deviation,
or accumulated offset that becomes meaningful only within a comparative framework. Measurable
dynamics are therefore inherently differential, not intrinsic to a single isolated state.
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This principle is realized explicitly in quantum systems through the analysis of differential phase
between energy eigenstates, typically accessed by preparing superpositions of ground and excited
states and interrogating their evolution relative to a reference. A single energy eigenstate acquires
only a local phase, which is not directly observable. Observable change arises only from relative
phase differences, realized when interference between components of a superposition produces time-
dependent probabilities, which are read out across an ensemble and compared to a reference
standard.

As this relative phase differential accumulates across the ensemble, the superposition generates
observable oscillations in measurement outcomes, giving rise to frequencies, transition rates, and
coherent dynamics. All physically accessible behavior therefore reflects the accumulation of relative
phase within a comparative framework, not the evolution of phase in any single state.

This relational structure provides the operational basis of timekeeping. Clocks do not measure time
directly; they track the accumulation of phase differences between energy eigenstates. Precision
measurements of frequency and time dilation therefore depend on comparing phase evolution either
between states within a system or across an ensemble of systems prepared under controlled
conditions. Experiments such as optical lattice clocks explicitly access this structure: differential phase
accumulation is measured between identically prepared systems subjected to a common interrogation
protocol, allowing minute variations—such as gravitationally induced shifts—to be resolved through
comparison.

The consequence is decisive: temporal measurement is fundamentally comparative. Time, frequency,
and phase do not emerge as absolute properties of isolated systems, but as relational quantities
defined through differential structure. This provides the necessary foundation for interpreting
differential phase between energy eigenstates across ensembles where measurable temporal
dynamics do not arise from isolated evolution, but from coherence-preserving comparisons across
many-body systems.

This structure is directly accessed in precision clock experiments, such as Bothwell et al. optical
lattice clock experiment where differential phase accumulation is measured across identically
prepared systems subjected to a common interrogation protocol.

Under experimental control, the internal Hamiltonian and its governing dynamics are held fixed to
10~2-level precision, with all systematic, position-dependent effects tightly constrained. The
empirical result is therefore unambiguous: a measurable phase differential develops across the
ensemble, tracking the gravitational potential gradient.

This observation reflects a variation in relative phase accumulation between otherwise identical
systems, prepared in the same superposed energy eigenstates and subjected to a common
interrogation protocol. The measured signal arises from differential phase evolution induced by
placement within the gravitational field.
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Bothwell’s vertical optical lattice fixes ultracold 8’Sr atoms at discrete spatial locations along a ~1 mm
column aligned with the gravitational potential gradient, while suppressing transport, exchange, and
ensemble mixing.

All atoms are prepared in an identical interrogation field by a common /2 pulse, producing a
coherent superposition of the ground | g) and excited | e) energy eigenstates across the ensemble.
This preparation step is implemented uniformly and does not introduce any systematic position-
dependent variation in the internal Hamiltonian. Its role is to establish a common coherent phase
reference, enabling subsequent measurement of differential phase accumulation during the
interrogation interval.

The Hamiltonians are not altered across the ensemble; rather, their eigenvalue spectrum is locally
indexed by gravitational potential. As a result, the state evolves within the same operator structure,
while the energy splitting between eigenstates becomes position-dependent. Both components,
ground | g) and excited | e), of the superposition evolve under this locally indexed Hamiltonian, and
the observable phase differential across the ensemble arises from the relative evolution between
energy eigenstates fixed at different heights in the gravitational field.

This does not violate Hamiltonian dynamics. The operator structure of the internal Hamiltonian is
unchanged, and the system continues to evolve unitarily under the same dynamical law. What varies
with position is the effective transition frequency—equivalently, the energy splitting as measured
relative to the interrogation field, which acquires a position dependence under gravitational potential.
This is fully consistent with standard quantum theory in external fields and with the general
relativistic description of gravitational redshift, in which identical systems at different potentials
accumulate phase at different rates without requiring a modification of their underlying Hamiltonian
structure.

The experiment resolves this evolution directly. The accumulated phase difference: ¢(z) =

[ Aw(z) dt, is governed by the local transition frequency, whose effective value varies across the
ensemble under gravitational potential. This leads to a position-dependent rate of phase
accumulation, such that atoms at different heights accrue phase at systematically different rates. The
resulting phase differential quantitatively tracks the gravitational potential gradient consistent with
gravitational redshift.

What is resolved locally is the relative phase accumulated between energy eigenstates, i.e., the
differential Aw(z) encoded in the superposition. This differential is accessed through population
readout and reflects the local energy splitting under gravitational potential. The measurement is
therefore inherently comparative: it does not access an absolute quantity, but a difference between
eigenvalues reinforcing that physically observable structure arises through relational comparison.

The purpose of this distinction is to make explicit the physical basis of measurement. The experiment
does not access temporal behavior abstractly; it directly resolves phase histories through empirical
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observables. The analysis proceeds from a population readout, which encodes the accumulated
relative phase between energy eigenstates, allowing a spatially resolved phase gradient to be
reconstructed across the ensemble.

In this sense, the empirical result is not grounded in a direct interrogation of time as a primary
observable, but in the measurement of coherent evolution within the system’s Hamiltonian
eigenstructure. The observable signal arises from the system’s spectral properties and its position-
dependent phase accumulation under gravitational influence. What is accessed experimentally is not
time itself, but the differential evolution of phase between superposed states.

GR accounts for the same effect through a reparameterization of evolution in terms of proper time.
However, the experiment does not access this parametrization directly. Instead, it resolves the effect
through differential phase accumulation across the ensemble, leaving open whether the underlying
mechanism is most naturally understood in geometric terms (proper time) or spectral terms (phase
evolution).

The experiment therefore constrains the invariant scaling with high precision, while remaining neutral
with respect to its ontological interpretation. The same empirical result admits both a geometric
description in terms of proper time and a spectral description in terms of Hamiltonian phase
evolution. In this sense, the measurement establishes the invariant relation while leaving its
underlying representation experimentally underdetermined.

From a UTT perspective, this structure can be understood as a coherence-preserving configuration
aligned with the gravitational potential gradient. The vertical isolation of the ensemble suppresses the
usual mechanisms—motion, collisions, and thermodynamic exchange that would otherwise
redistribute phase information and drive the system toward a common mean. As a result, phase does
not homogenize across the gradient; instead, the ensemble remains locally resolved with each layer
accumulating phase according to its local conditions. The observed phase differential is therefore
preserved as a spatially indexed structure rather than averaged away.

In typical many-body systems, interaction, motion, and environmental coupling ordinarily act to wash
out small gradients through absorption, scattering, synchronization and mutual stabilization. Phase
differences are redistributed, energy is exchanged, and ensembles converge toward a common
mean. Bothwell’s configuration deliberately suppresses these processes. The atoms are pinned within
an optical lattice, preventing motion and interlayer exchange. They do not redistribute, they do not
equilibrate, and they do not average over potential differences. Instead, they evolve coherently but
independently from a common initial state.

The experiment therefore demonstrates that when atoms are prepared in a spatially resolved
superposition across a vertical lattice, and coherence is maintained under conditions that suppress
ensemble averaging, each layer exhibits a rate of phase accumulation consistent with its local
gravitational potential. By minimizing mechanisms that would otherwise redistribute or homogenize

62



phase information, the experimental configuration preserves a spatially indexed phase structure
across the ensemble. In this way, the influence of the gravitational field is resolved through its
systematic effect on phase evolution.

Most notably, the experiment achieves unprecedented fractional frequency precision at the 7.6 x
10721 level. The observable quantity is the accumulated height-dependent phase difference ¢(z),
extracted from population readout. This phase arises from the integrated eigenvalue gap: ¢(z) =
[ Aw(z) dt, corresponding to the energy splitting between ground and height dependent excited
states across the ensemble.

After accounting for stochastic noise and modeling the effects, the resolved phase gradient is found
to track the gravitational potential, demonstrating that the local eigenvalue gap Aw(z) varies with
height in a gravitational field. What is empirically accessed, therefore, is not the evolution of a single
state, nor a direct measure of proper time, but the local spectral structure of the Hamiltonian through
relative phase accumulation between energy eigenstates spatially resolved across a population
readout.

Any interpretation in terms of proper time is therefore appended at the level of representation rather
than measurement. The experiment itself resolves phase accumulation—specifically, the differential
phase accumulated between energy eigenstates during coherent interrogation and it is this
observable that carries empirical content. The analysis proceeds from population readout, which
encodes this accumulated relative phase and allows a spatially resolved phase gradient to be
reconstructed across the ensemble. Proper time enters as a consistent mapping that reproduces the
same invariant relation, but is not independently established as a primary observable.

The invariant empirical result is therefore fixed at the level of phase: identical systems, governed by
identical internal dynamics and subjected to identical interrogation, exhibit a systematic, position-
dependent phase divergence that quantitatively tracks the gravitational potential gradient.

The experimental procedure resolves phase evolution with high precision, only to subsequently
express the result in terms of proper time. This is not a contradiction, but reflects a separation
between measurement and representation. The measurement accesses phase through coherent
interrogation, while proper time provides a geometrically invariant parameterization that reproduces
the same scaling. Phase is the observable; proper time is the standard interpretive framework within
which that observable is expressed.

UTT makes this identification explicit. Rather than attributing the observed scaling to differential
proper time along worldlines, it locates the effect at the level of the wavefunction: gravitational
potential constrains the admissible phase evolution by rescaling the local eigenvalue structure. The
measured phase gradient is thus a direct probe of coherence-conditioned spectral indexing.

63



The purpose at this stage is to anchor the analysis continuously in experimentally resolved
observables. The measured scaling takes the form: w(z) = wy /1 + 2a(z), o= ;3;, which

corresponds to the standard gravitational redshift relation expressed as a multiplicative rescaling of
the transition frequency. The same scaling law that governs redshift at across cosmological scales is
here resolved at the microscopic level, manifesting as a position-dependent variation in phase
evolution across the ensemble. This relation is inferred directly from the measured phase
accumulation between energy eigenstates, reconstructed from spatially resolved population readout.

Crucially, the experiment does not access this scaling through direct comparison of proper-time
intervals or through manipulation of the spacetime metric. Instead, it resolves the effect as a
continuous spatial gradient in phase evolution across a discrete ~ 1 mm vertical lattice, manifesting
as a fractional variation on the order of 1072, The observable content is therefore fixed at the level
of phase accumulation and its spatial variation, from which the scaling relation is reconstructed.

The residual gradient across the ensemble, after correction for stochastic noise, is not obtained

through direct evaluation of the proper-time rate specified by the spacetime metric: dt = /1 + zc—f dt.

Nor is phase itself directly read out. Instead, phase differences are reconstructed from population
measurements via the interference signal, which encodes the relative phase accumulated between
energy eigenstates during coherent interrogation. Population readout thus serves as an
experimentally accessible proxy for the underlying phase evolution. The observed gradient therefore
arises from a spatially resolved reconstruction of phase accumulation across the ensemble, rather
than from a direct measurement of temporal intervals.

The residual gradient across the ensemble, after adjustment for stochastic noise, is therefore
resolved through phase differences between adjacent layers reconstructed from spatially resolved
population readout. By mapping accumulated phase onto measurable population differences, the
experiment accesses the relative phase between energy eigenstates at each height, allowing a
continuous phase gradient to be derived across the lattice.

Each layer evolves under locally varying conditions set by the height dependent gravitational gradient
producing a stratified phase structure across the ensemble rather than a simple pairwise comparison
between separated clocks. The observable is thus not proper time, but distributed phase
accumulation across a spatially extended system from which the corresponding frequency gradient
Aw(z) is extracted.

This is the critical result UTT seeks to elevate. The experiment verifies the multiplicative scaling law
with extraordinary precision, yet does not uniquely fix its ontological interpretation. The observed
scaling is equally consistent with a geometric description in terms of proper time and with a spectral
description in terms of phase evolution.
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What is established unambiguously is the operational fact: gravitational potential manifests as a
spatial gradient in phase accumulation across the ensemble. The measurement resolves how phase
evolves under gravitational influence in a distributed system, independent of whether that behavior is
interpreted geometrically or spectrally.

This point can be sharpened by contrast. In the absence of a gravitational potential gradient, all
atoms prepared in an identical superpositional state and evolving under a common Hamiltonian—
would accumulate phase at the same rate. Phase evolution would remain uniform across the
ensemble, and no spatial phase differential would arise. Under such conditions, the system would be
phase-homogeneous and no measurable gradient would be resolved.

Crucially, this implies the absence of differential phase structure. The actual measured signal
therefore arises from the breaking of phase uniformity under gravitational constraint. It is this
asymmetry that allows phase shear to become observable as a structured, spatially distributed
quantity. The experiment does not detect phase itself, but differences in phase accumulation across
spatially separated population.

This contrast brings the point to closure. The difference between the two ontological interpretations
lies in how evolution is indexed under gravitational conditions. The same invariant scaling is
expressed in two formally equivalent ways. The experiment fixes the scaling relation, but not its
representation leaving the underlying ontology experimentally underdetermined.

What remains unambiguous is the operational fact: gravitational potential appears as a stratified
gradient acting on phase evolution. It is precisely this differential phase structure that establishes the
metrological basis for globally comparable time.

Part I. What Optical Clocks Actually Measure
Modern optical lattice clocks do not access time as a primary observable at the point of

measurement. They resolve the accumulation of phase in coherently prepared atomic systems, with
time emerging only as a secondary parameterization of that evolution. The observable in these
experiments is the relative phase differential between internal energy eigenstates, resolved through
quantum interference.

The minimal description begins with a two-level atomic system governed by a fixed internal
Hamiltonian. Prior to interrogation, each atom resides in a single stationary eigenstate, typically the
ground clock state | g). In this configuration, no measurable phase difference exists, as only one
eigenvalue contributes to the system'’s evolution. With no internal spectral differential, there is no
observable phase structure—only trivial global phase evolution.

The first ©/2 pulse performs a unitary rotation in Hilbert space. It does not alter the Hamiltonian; it
prepares the state. After the pulse, the atom is placed in a coherent superposition:
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thereby introducing a relative phase degree of freedom between energy eigenstates. Two spectral
components now coexist within a single quantum state, enabling differential phase accumulation.

During the Ramsey interrogation interval, this superposition evolves freely under the same
Hamiltonian. Each component accumulates phase according to its eigenvalue:

iEgt
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The measurable quantity is not the phase of either component alone, but the relative phase between
them, which evolves as:

Ee—Eg
h

$(2) = [ Aw(z)dt, Aw(z) =

This accumulated phase is mapped onto population differences through a second pulse and read out
via fluorescence. All auxiliary systems—frequency stabilization, feedback loops, and detection
schemes—serve to extract this phase differential with maximal precision.

From a UTT perspective, this establishes a foundational point: the experiment does not observe
“time” as a fluoresced invariant quantity. It observes phase evolution with gravitational potential
modulating the effective rate of phase accumulation across the ensemble. The clock signal is
therefore the resolved accumulation of phase differences between energy eigenstates from which
temporal interpretation is subsequently constructed.

Phase is the experimental primitive; time is its reconstructed interpretation.

II — From Phase Evolution to Gravitational Phase Shear
The phase evolution described above occurs for every atom prepared in a coherent superposition.

Consider first a uniform gravitational environment: atoms governed by the same internal Hamiltonian
and prepared identically would accumulate phase at the same rate. The ensemble would remain
phase-synchronized, and no spatial phase gradient would develop. Any residual variation would arise
only from stochastic or technical noise sources; when these contributions are modeled and
compensated, no systematic spatial structure remains. The resolved signal would therefore remain
null with respect to any phase gradient while retaining high contrast reflecting the identical growth of
relative phase across the sample.

Bothwell’s experiment introduces a controlled spatial variation by orienting the atomic lattice vertically
within Earth’s gravitational field. Atoms fixed at discrete lattice layers occupy slightly different heights
z, and therefore experience slightly different gravitational potentials ®(z). The central question is
whether their phase evolution remains identical across the ensemble.

Empirically, it does not. A systematic, position-dependent phase differential develops across the
lattice, demonstrating that atoms at different heights accumulate phase at distinct rates under
otherwise identical conditions.
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When the atomic cloud is spatially resolved, the extracted differential transition frequency measurably
correlates with height. The accumulated phase after the Ramsey interval T becomes position-
dependent: ¢(z) = w(z) T, revealing a spatial gradient in phase accumulation. The experimentally
accessible quantity is the differential phase between two layers: Ap = [w(z;) — w(z;)] T. This
differential phase accumulation across space constitutes what UTT describes as phase shear.

Crucially, the ensemble is prepared in a vertically neutral state: no variation in preparation, internal
structure, or control protocol exists across its height. The n/2 pulse is applied globally, the
superposition is initialized identically for every atom, and the Hamiltonian governing internal
dynamics retains the same operator form throughout the ensemble.

This enforced uniformity functions as the control condition. It ensures that any observed variation
cannot be attributed to differences in preparation, internal composition, or operator-level dynamics,
but must be associated with how the same system is realized across position.

At this stage, no interpretive claim is required. The empirical result is unambiguous: precision
metrological experiments—including those of Bothwell et al. establish that the transition frequency of
a bound atomic system scales multiplicatively with position in a gravitational field. The shared scaling
law may be written as: w(z) = w, J(z), where J(z) is a smooth function of gravitational potential. In

the weak-field limit: J(z) = /g0 (z) =~ e%®,

Within these empirical constraints, several structural elements remain fixed and transparent. Under
the experimental control conditions, the Hamiltonian operator H, governing internal dynamics, is
identical across the ensemble. This invariance is not assumed—it is enforced by the preparation and
verified by precision spectroscopy.

No additional terms are introduced, no coupling constants acquire position dependence, and no
internal structural parameters—such as level identity, selection rules, or matrix elements—vary with
height. The atomic species, trapping configuration, interrogation protocol, and electromagnetic
environment are controlled to ensure that the internal Hamiltonian remains unchanged to within
experimental resolution.

This statement has clear operational meaning. Any modification of the internal Hamiltonian would
produce a measurable deviation in the system’s intrinsic spectral structure once stochastic noise and
the gravitationally induced phase gradient are accounted for—for example, a shift in level spacing
independent of position or a loss of spectral consistency across repeated preparations. No such
deviations are observed within experimental precision.

Accordingly, the Hamiltonian must be treated as position-invariant, both in form and in its defining
parameters. The experimental design is constructed precisely to enforce this: preparation is uniform,
internal structure is identical, and all operator-level degrees of freedom are held fixed across the
ensemble. What remains is a system that is, by construction, the same everywhere.
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And yet, something changes. What is empirically observed is unambiguous: the measured transition
frequency scales with height: w(z) = w, J(z). The phase accumulation rate associated with the
fluoresced transition varies continuously with position, and the frequency follows accordingly. This
variation is smooth, reproducible, and directly resolved in the Ramsey signal.

At this point, the structure of the argument tightens. If the Hamiltonian is fixed—and the experiment
ensures that it is—then the observed variation cannot be attributed to any modification of the
operator. To introduce operator-level change would require new terms, altered couplings, or shifting
internal structure, all of which are explicitly excluded by the control conditions and contradicted by
precision measurement. Operator-level modification is therefore not admissible.

This leaves a single logical possibility: if the operator is fixed while the measured transition frequency
varies, the variation must reside in the rule that converts a fixed transition into an observable phase
accumulation rate.

That rule is operationally defined by the Ramsey measurement: ¢(z,t) = w(z) t. The experiment does
not access the transition in isolation; it accesses it through phase accumulation over the interrogation

interval. The derived frequency is therefore the rate at which phase accumulates from a fixed

transition. From this perspective, the mapping is identified explicitly as: w(z) = %. Because the

Hamiltonian is fixed, the underlying transition remains the same. What varies is the rate at which
phase accumulates from that transition, which is directly resolved in the Ramsey signal.

Gravitational potential therefore does not act by altering the Hamiltonian. Instead, it enters through
this mapping—from fixed transition to phase accumulation rate producing a position-dependent
scaling: w(z) = wg J(z). The operator defines the transition; the measurement defines the rate; the
experiment reveals that this rate is indexed by position.

This rule is not interpretive—it is enforced by the data: identical operators, acting on identically
prepared states yield different measured frequencies solely as a function of height in a gravitational
field.

During the Ramsey dark time, each atom evolves under the same Hamiltonian, but the rate at which
phase accumulates is locally indexed. The result is a stratified phase structure across the ensemble, a
continuous spatial imprint of this scaling.

The experiment therefore establishes a minimal, interpretation-neutral statement: coherent atomic
excitations accumulate phase at rates that vary multiplicatively with gravitational potential, following:

w(z) = wyJ(z), With J(2) = /g0 (2) = e*® in the weak-field regime.

III — The Shared Scaling Law and the Interpretive Fork
It is essential to emphasize at the outset that the characterization of the Bothwell et al. optical lattice

clock experiment within UTT is strictly interpretation-neutral. The empirical apparatus is allowed to
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speak on its own terms and every attempt has been made to faithfully present the data with fidelity
and neutrality.

UTT claims that neither the design of the experiment nor its measured outcomes privilege one
interpretive framework over another. The measurements themselves are fully consistent with multiple
ontological readings—including the standard geometric interpretation of General Relativity and the
coherence-based interpretation proposed by UTT.

The intention here is therefore not to adjudicate between interpretations, but to identify the precise
nexus at which interpretation becomes necessary. Up to the introduction of J(z), the structure is
entirely invariant across interpretations and uncontroversial. That nexus is sharply defined by a single
operational question: What enforces the scaling factor J(z)?

At the operational level, UTT'’s portrayal of the experiment proceeds in a manner that is both
controlled and minimal. The empirical result is unambiguous: The transition frequency of a bound
atomic system scales multiplicatively with position in a gravitational field.

UTT defines in the weak-field regime (—0.5 < a < 0):

J(2) = Vgoo(z) = %@ a(z) = ) ag(z) = Y2 In(1 + 2a(2))

CZ
Here, gyo(z) is the “time—-time” component of the spacetime metric tensor in GR. It encodes how
local physical rates—such as atomic transition frequencies scale relative to a reference observer. In
static, weak gravitational fields, g,, ~ 1 + 2®/c?, so that ,/g,, gives the standard gravitational
redshift factor [Weinburg 1972].

The key point is that J(z) is not an interpretation. It functions as a neutral arbiter—the common
scaling structure at which admissible interpretations diverge. This scaling is captured by a single
function: w(z) = w, J(z), where J(z) varies smoothly with gravitational potential.

The accumulated phase becomes: ¢(z) = w, J(z) T, and the measured phase difference between two
spatial layers: Ad = w, T [J(z;) — J(z,)]. This relation is the hinge. It represents the full invariant
content of the phenomenon—fixed by measurement and independent of interpretive commitment.

The experiment establishes, without ambiguity:

e Multiplicative scaling of the differential frequency gap between layers, Ap = w, T [J(z2) — J(z1)]-
e Smooth dependence on gravitational potential J(z) = /gy (z) = e%®

e Norm-preserving (unitary) evolution in the weak-field regime
e Phase shear proportional to the spatial derivative of J(z)

Up to the introduction of J(z), the structure is entirely uncontroversial. The preparation is uniform,
the Hamiltonian is fixed, and the observable—differential phase accumulation is directly resolved. The
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data, the scaling law, and its mathematical form are shared. The divergence begins only at a single
point: what enforces the scaling factor J(z)?

The strength of this section lies precisely in its restraint. No new assumptions are introduced, and no
interpretive preference is imposed. The experiment provides a complete empirical structure; both
accounts must reproduce it exactly. That divergence is anchored at the point where interferometry
converts phase accumulation into an observable frequency scale. It is here—and only here—that
interpretation enters.

|](z) is the fork|

Everything that follows—whether the scaling is attributed to geometric reparameterization of proper
time or to coherence-conditioned realization of phase evolution flows from how this single factor is
understood.

IV — The Geometric Account (General Relativity)
The experiment establishes a single empirical structure: identical atomic systems, prepared in

identical superpositions, accumulate phase at position-dependent rates: w(z) = w, J(z). The factor
J(z) is enforced by spacetime structure itself.

In General Relativity, matter minimally couples to the metric and the metric defines how physical
processes are locally indexed. In a static gravitational field, proper time varies with position according
to: dt = \/gq0(2) dt. This is the operational definition of local rate. All physical evolution, including
quantum phase accumulation, is parameterized by proper time.

Because phase accumulates with the action, and the action accumulates along the worldline
parameterized by t, the observed scaling is inherited:

(z) = 0y 5 = 00y/800 () = w0 (@)

On this account, the metric is ontologically primitive. It is the structure that defines equivalence
between observers, fixes the causal ordering of events, and establishes the invariant measure along
which all dynamical processes unfold. The variation in frequency is therefore not a property of the
system in isolation, but a relational consequence of embedding the system within differential proper-
time accumulation across the ensemble.

Phase shear follows immediately: spatial variation in g,,(z) produces differential proper-time
intervals, and therefore differential phase accumulation. No modification of the Hamiltonian is
required, because the effect arises through a reparameterization of evolution, not through altered
dynamics. The Hamiltonian remains fixed; what varies is the parameter with respect to which its
evolution is expressed.
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In this framework, geometry does not act on phase as an external influence—it defines the
parameter over which phase evolves. The observed stratified phase structure can be expressed as a
consequence of differential proper-time accumulation across spacetime curvature. This geometric
interpretation reproduces the measured scaling while remaining one of multiple formally consistent
representations of the underlying phase evolution.

V — The Coherence-Conditioned Account (UTT)
The shared empirical result is unchanged: w(z) = w, J(z) = w, e*@. On the UTT reading, the factor

J(z) is interpreted as a modulation of coherence accessibility. This point of divergence is ontological.

Under the tightly controlled experimental conditions, the internal Hamiltonian governing the clock
transition is held fixed across the ensemble to within experimental resolution. Its algebraic structure,
eigenstate definitions, and intrinsic energy splitting are preserved and no systematic position-
dependent modification to the internal dynamics is introduced. The atoms are, by construction,
prepared to be identical at each lattice site, with residual inhomogeneities minimized and accounted
for within the experimental uncertainty.

At the same time, the system is actively driven: an external interrogation field prepares coherent
superpositions between the ground | g) and excited | e) states. UTT does not attempt here to
interpret or supply the detailed physics underpinning the excited states. The relevant fact for the
present argument is the Bothwell framework did not report a position-dependent alteration of
Hamiltonian dynamics, but the appearance of a differential phase across the ensemble during the
interrogation interval, resolved through coherent spectroscopy in a vertically oriented lattice under
gravity . The interpretive weight therefore falls on the observed invariant relation itself: identical
atoms, prepared under the same interrogation protocol, exhibit a spatially varying phase difference
between the | g) and | e) states that tracks the gravitational potential gradient. The experiment does
not claim to adjudicate the ontological status of the mechanism by which that differential is realized.

What Bothwell reports is a differential phase developing across the ensemble during the coherent
interrogation interval, resolved through high-precision comparisons of identically prepared atoms at
different heights. The experimentally established result is that a measurable phase difference
between | g) and | e) states emerges and tracks the gravitational potential gradient across the
sample. This occurs under conditions in which the internal dynamics and interrogation protocol are
held fixed to within experimental resolution, so the observed variation is not attributed to controlled
dynamical differences but to the gravitationally imposed relational structure across the ensemble.

The central empirical observation arises only once the system is brought into this coherent
superposition. During interrogation, a spatially resolved differential phase accumulation develops
across the ensemble. Prior to excitation, no such differential phase structure is present; it is the
coherent preparation that renders phase evolution observable and comparable. When stochastic
noise and known systematic effects are removed, the resulting phase differences align quantitatively
with the gravitational potential gradient across the lattice within experimental precision.
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The crucial point is therefore that the Hamiltonian’s internal dynamical structure is held fixed while
the same interrogation protocol is applied at all positions. The observed variation in phase
accumulation and frequency shift is not attributed to changes in the internal Hamiltonian or its
controlled coupling, but instead reflects a relational structure imposed across the ensemble. In this
sense, the internal Hamiltonian is fixed, the interaction Hamiltonian is controlled, and the observed
variation manifests as a gradient-driven phase differential—effectively a phase shear across the
spatial extent of the system.

This constitutes the invariant outcome of the experiment: identical systems, governed by identical
internal dynamics and subjected to identical interrogation, exhibit a systematic, position-dependent
phase divergence that quantitatively tracks the gravitational potential gradient across the ensemble.
This relation is fixed by observation and carries the full evidential weight of the result, independent of
any particular interpretive ordering.

The experiment therefore establishes an invariant relationship between phase accumulation and
gravitational potential while remaining indifferent to the underlying mechanism—and it is this
observable structure that forms the basis for interpretation within UTT.

General Relativity (GR) interprets this result in geometric terms. The spacetime metric defines
proper time as the invariant parameter along timelike worldlines, with gravitational potential
modulating the rate at which proper time accumulates. Atoms located at different heights therefore
experience different rates of proper time, and their internal phase evolution—governed by their
transition frequency proceeds at correspondingly different rates. The observed phase difference is
thus understood as a direct consequence of differential proper-time accumulation: clocks at different
gravitational potentials “tick” at different rates, and the phase divergence reflects this geometric
structure.

By contrast, UTT reorders the interpretation. The observed quantity is the differential phase itself,
which arises during coherent interrogation across the ensemble. Rather than treating proper time as
the primary quantity that governs phase evolution, UTT takes phase accumulation as the directly
realized physical process and interprets the observed variation as a gravitationally induced constraint
on that phase evolution. In this view, the phase differential is not derived from time dilation, but is
the primary observable from which temporal relations are subsequently constructed. The gravitational
potential does not act by coupling with an underlying temporal parameter, but by modulating the
conditions under which phase can accumulate coherently across distributed systems.

Both interpretations reproduce the same quantitative relation between phase accumulation and
gravitational potential, and both are consistent with the invariant structure of the formalism. The
distinction lies in the ordering of explanation: GR treats proper time as fundamental and phase as a
derived consequence, while UTT treats phase evolution as primary and temporal structure as an
emergent relation inferred from it.
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It is important to state the limit clearly. At current experimental resolution, this account remains
phenomenologically neutral. The experiment establishes the scaling relation itself, it does not
privilege a unique causal mechanism. The distinction between geometric reparameterization and
coherence-conditioned realization is therefore a difference in interpretive ordering, not in empirical
content. In this sense, UTT is offered here as a credible and admissible interpretation of the same
measured structure.

VI — The Point of Neutrality
Both frameworks reproduce the same scaling law: w(z) = w, J(z), and the same observable phase

shear. Both are fully consistent with the measurement. The experiment therefore fixes the function
J(z) with high precision, but does not fix its ontological origin. The same scaling can be expressed
either as a geometric reparameterization of proper time or as a position-dependent variation in phase
accumulation under a fixed Hamiltonian. The invariant is empirically fixed; its interpretation is not.

What is established unambiguously is operational: gravitational potential manifests as a stratified
gradient in phase accumulation across the ensemble. This structure is directly resolved in the
interferometric signal. Whether this gradient is attributed to geometry or to a conditioning of phase
realization remains experimentally underdetermined.

What UTT proposes—consistent with the broader framework of coherence-driven emergence is a
reordering of description: The measured quantity is phase, the observable is frequency, and the
constraint is gravitational potential.

The open question is how phase accumulation is locally realized. In this framing, the experiment is
not required to be read as measuring “time running differently.” It can equivalently be read as
measuring a position-dependent limitation in the rate at which phase remains resolvable as an
oscillatory signal.

VII — Why This Distinction Matters
Optical lattice clocks have achieved a remarkable milestone: Bothwell et al. resolve gravitational

redshift across millimeter-scale height differences. At this level of precision, gravitational physics is no
longer an astronomical phenomenon; it becomes an interferometric one. The observable is not
curvature in a distant orbit, but coherent phase accumulated within a laboratory sample.

Bothwell’s millimeter-scale redshift experiment does not merely refine gravitational metrology; it
isolates a fundamental observable. What Bothwell secures experimentally is the multiplicative scaling
of phase evolution with gravitational potential. The spatial gradient extracted from the atomic cloud is
not a direct reading of geometry or time, but of differential phase evolution between internal
eigenstates of matter. That scaling is smooth, norm-preserving in weak fields, and entirely consistent
with established relativistic predictions. The success of the experiment does not rest on philosophical
interpretation; it rests on measurable phase gradients.
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The interpretive question sharpens as precision increases. If the scaling factor J(z) is understood
geometrically, then phase evolution follows proper time because matter possess a degree of freedom
that couples with the metric. The metric is taken as primitive; clock behavior is derivative. In this
framework, the apparent circularity—proper time parameterizing phase, while phase defines the
oscillations used to measure time is not a defect, but a consistent feature of geometric formalism.

If, instead, the scaling factor is understood as governing how phase accumulation is locally realized,
then the ordering reverses: phase evolution is fundamental, and geometry is descriptive. In this view,
the redshift law is not imposed by time flowing differently, but reflects a position-dependent scaling
in the rate of phase accumulation under gravitational constraint.

Both interpretations yield the same functional dependence: w(z) = w, J(z). Both reproduce the
measured shear: Ap = w, T AJ]. The experiment does not discriminate between them. In each case,
the observable phase differential arises from the same multiplicative scaling. What the experiment
does establish, however, is something subtler: it extends the domain of gravitational physics into the
regime of coherent phase control, where gravitational effects are resolved through precision
measurements of phase evolution.

Thus, Bothwell does not adjudicate between geometry and coherence as the primitive description.
What it demonstrates is that coherent excitations respond to gravitational potential through a
smooth, norm-preserving scaling law. Whether this behavior is best understood as a manifestation of
spacetime curvature or as the macroscopic expression of a deeper coherence-conditioned structure
remains an open question of explanatory hierarchy.

Once phase is recognized as the operational primitive, the frontier of metrology shifts from refining
the numerical precision of the scaling law to resolving the structure of phase itself. In that sense, the
frontier shifts. The next generation of precision is not finer clocks—it is resolved structure in phase.
The focus moves from single-point frequency measurements to spatially distributed phase fields,
from absolute rates to differential phase topology, and from static comparisons to dynamical phase
response under controlled variation. Networks of phase-coherent clocks, multi-transition comparisons,
and extended-baseline interferometry become the natural instruments of inquiry. In this regime, the
central object is no longer a clock reading, but a stratified phase field whose gradients, coherence,
and composition can be directly measured and tested.

Modern optical lattice clocks therefore provide a common empirical ground. They confirm the scaling
law. They confirm phase shear. They confirm that gravitational influence is registered through locally
accumulated phase evolution. But they do not settle the ontological hierarchy beneath that law. The
invariant quantity, the action principle, the dual mathematical structure, and now the dual
interpretation opened by optical lattice clock experiments all gather toward the same unresolved
point: the mathematics is shared, but the mechanism remains open to interpretation.
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This raises a sharp but legitimate question: if modern experiments resolve gravitational redshift
operationally as a measurable frequency shift extracted from local phase evolution, why has the
modulation of phase remained conceptually secondary in the explanatory hierarchy? If phase is the
direct observable, if phase shear is the resolved structure, and if frequency metrology is the
operational basis of modern timekeeping, then the burden of explanation can no longer rest
exclusively on what geometry describes. It must also answer what physically regulates phase.

The key observation, however, is that this interpretive direction is imposed by the theoretical
structure rather than uniquely enforced by the direct measurement of the thing itself. The experiment
directly secures the modulation of phase accumulation. The identification of that modulation with
invariant proper time is a theoretically consistent inference, but it is not an independently measured
quantity. What remains open is explanatory priority. Does phase evolve because proper time differs?
Or is proper time inferred from structured modulation of phase evolution? This divergence ultimately
traces back to the canonical “problem of time.” UTT'’s assessment is that the difficulty reflects
structural inheritance: the persistence of formalisms in which time functions as the primary
organizing parameter of change.

Both GR and QM were constructed within mathematical frameworks in which temporal ordering is
already hard-coded into the description of evolution. In GR, proper time parameterizes worldlines
through the metric structure; in QM, an external time parameter governs unitary evolution. In both
cases, change is expressed with respect to a temporal variable that is presupposed by the formalism
itself. When the fundamental equations of motion are written in this way, time is not derived—it is
installed at the outset.

This is not a flaw; it is a choice. GR in particular, makes a decisive commitment: it treats time as a
geometric invariant embedded in the structure of spacetime and builds its entire explanatory
framework around that assumption. This choice delivers extraordinary predictive success, but it
comes with a consequence. Once time is taken as the primitive parameter of change, the possibility
that time might instead emerge from deeper dynamical structure becomes structurally inaccessible. A
framework that presupposes time cannot, without reformulating its foundations derive time as
emergent.

Under this inherited structure, temporal ordering remains indispensable and irreducible. A timeless
equation may be mathematically consistent, but unless relational structure and succession arise from
internal principles of the theory, it provides no mechanism by which emergent time can become
physically intelligible. The limitation is therefore not empirical, not mathematical, not a failure of
invariance or of the action principle. It is interpretational and structural—a consequence of how the
theory is organized at its conceptual foundation.

This is precisely the point at which UTT intervenes. It reconsiders the foundational choice. By
removing time from the base layer of description, UTT allows temporal behavior to be constructed
rather than assumed.
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Under Bothwell, gravity enters as a lawful modulation of phase evolution across energy eigenstates.
The problem is reframed at its source: not how states evolve in time under gravity, but how
gravitational potential acts directly on evolution of the quantum state. Once posed in this way, the
longstanding difficulty becomes clear, the absence of an asymmetrical mechanism capable of
generating ordered succession from non-temporal dynamics.

Existing approaches to quantum gravity inherited their dynamical variables from GR and QM, where
time is already embedded. As a result, they naturally focused on geometry, topology, constraint
quantization, and semiclassical reconstruction, while the internal coherence dynamics of quantum
systems under gravitational influence remained formally inaccessible.

UTT brings this missing degree of freedom—coherence dynamics into focus by removing time from
the foundation and allowing ordering to arise from constraint-conditioned phase evolution. This shift
is not contrarian; it is a logical completion of the question once the initial assumption is relaxed.

Once this perspective is adopted, the reinterpretation is neither exotic nor speculative, but direct.
Nothing in the empirical data forbids it. Nothing in the mathematics prevents it. Nothing in the
invariant quantity nor action principle disallows it. What was missing was not a pathway, but a
framework capable of supplying a causal bridge between non-temporal structure and ordered
succession.

In this sense, UTT does not overturn established physics—it completes an unfinished layer of its
interpretation. It makes explicit the mechanism by which time-like behavior arises and shows that
what long appeared as a foundational primitive is, in fact, the emergent consequence of coherence-
conditioned phase dynamics.

UTT’s Perspective
UTT approaches the paradox of gravitational time dilation from a fundamentally different starting

point. Rather than quantizing geometry, modifying the Einstein field equations, or extending quantum
dynamics through additional structure, UTT removes time entirely from the foundational level and
treats it as a derived quantity.

Under Coherence Field Theory, time is a quantizable emergent observable defined as the cumulative,
irreversible resolution of phase coherence into stabilized records under constraint conditions. It is
constituted by countable coherence-resolution events—discrete reductions in the set of mutually
accessible phase configurations that a system can sustain while preserving structural continuity. Each
such resolution stabilizes a phase relation into a record, rendering alternative non-viable
configurations dynamically inaccessible. Time is therefore measurable because coherence resolution
is measurable, accumulative, and directionally constrained.

This definition aligns directly with modern metrology. The SI second is operationally defined by a
fixed number of oscillations—9,192,631,770—of the cesium-133 hyperfine transition. In practice,
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atomic clocks do not measure “time itself”; they count stabilized phase cycles of a resonant quantum
system under controlled conditions. What is measured is phase evolution expressed as frequency.

UTT elevates this operational fact to principle. A clock measures the rate at which phase coherence
remains resolvable and stabilizable within an oscillator. Gravitational potential, acceleration, and
motion do not act on time directly; they modulate the admissible bandwidth of phase evolution,
altering the rate at which stable phase cycles can be formed and counted. The resulting frequency
shifts—observed as redshift and clock desynchronization are therefore direct signatures of coherence
constraint, not of time as a primitive entity.

In this sense, SI time already functions as a quantized observable: a count of stabilized phase-
resolution events within a constrained physical system. UTT makes this explicit by identifying
coherence modulation as the underlying dynamical process. Time emerges as the accumulated count
of phase stabilization events required for structure, continuity and irreversible record formation to
persist.

If a complete theory of quantum gravity ultimately takes the form of a universal wavefunction—an
amplitude-level description of all admissible quantum—gravitational configurations, then its full
realization lies beyond the present scope. UTT is motivated by this broader possibility, but its aim
here is more immediate: to isolate the structural bottleneck that any QG theory must resolve—the
lawful emergence of ordered temporal succession from a formally timeless quantum structure.

UTT identifies this as the core obstruction to unification. As long as time functions implicitly as a
background ordering parameter in quantum mechanics and as a dynamical invariant in general
relativity, the explanatory structure remains asymmetrical. This is structural incompleteness: the
mechanism by which ordered succession arises is left undefined.

The requirement is therefore precise. A complete theory must supply a lawful mechanism by which
non-temporal quantum dynamics give rise to ordered, physically resolvable classical sequences. UTT
proposes that this mechanism resides in coherence dynamics under constraint: only when phase
evolution becomes stabilizable, inheritable, and sequentially resolvable can temporal structure
emerge. An amplitude-level description alone is insufficient; it must also account for the transition
from admissible configurations to ordered realization.

In this light, coherence modulation is introduced as a structural necessity. It identifies a degree of
freedom—the regulation of phase accessibility and stability that any complete framework must
address. Whether implemented within UTT or another formalism, the question is unavoidable: what
enforces the transition from timeless superposition to classical ordered succession?

UTT therefore defines the condition for completeness. Any successful unification must reconcile the
dual role of time—as invariant observable in GR and as evolutionary parameter in QM, by supplying
the physical mechanism that connects them. UTT frames this requirement as a constraint on theory
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construction: beneath the shared mathematics of modern physics, a missing layer of description must
account for how gravitational potential gives rise to coherence suppression and ultimately to time.

Understanding Coherence Based Redshift in the UTT
UTT's redshifted principle is borne out in cesium-133 hyperfine transition experiments where clocks

situated at different gravitational potentials reveal that atomic oscillations run slower in deeper wells
and faster at higher altitudes. The University of Texas tower experiment, which detected measurable
frequency differences between clocks separated by only 22 meters of elevation, provides one of the
clearest terrestrial confirmations [Snider 1972; Vessot Levine 1979]. Likewise, the Hafele—Keating
circumnavigation study in which synchronized cesium clocks flown on commercial aircraft diverged
from their ground-based counterparts shows that gravity and velocity suppress quantum coherence
with equal fidelity [Hafele Keating 1972].

UTT interprets the gravitational scaling of oscillator frequencies as a constraint imposed at emission
rather than a differential accumulation of time between locations. In this framework the intrinsic
frequency of an excitation is the block-shifted mean rate of phase accumulation established by the
local gravitational potential. This relation is written: f' = f,- e*s, where f, denotes the reference
oscillator frequency defined in flat space (® = 0), and f’ is the intrinsic mean frequency of the
excitation formed under gravitational constraint. The parameter o, = %2 In(1 + 2a) encodes the

gravitational scaling associated with the local potential.

In this interpretation the excitation is born with its spectral configuration already scaled. The
oscillator’s entire spectral envelope undergoes a uniform block shift: fractional spectral structure
remains invariant, while the absolute frequency scale and bandwidth are multiplicatively compressed
by the local gravitational constraint. The quantity f’ therefore represents the physical rate of phase
accumulation of the oscillator at its point of formation.

UTT accordingly reframes the interpretation of gravitational time dilation. The divergence observed
between clocks at different potentials does not arise because time itself accumulates at different
rates. Instead, the discrepancy originates in the gravitationally constrained intrinsic frequency of the
source oscillator. When two clocks formed under different gravitational potentials are compared,
what is observed experimentally is a difference in their mean phase accumulation rates, not a
differential flow of time.

This interpretation consistently accounts for results across multiple platforms: the Pound—Rebka
gravitational redshift measurement [Pound Rebka 1960; Chou et al. 2010]; the elevation-dependent
divergence of atomic clocks in the Texas tower experiment; and the Hafele—Keating airborne-clock
offsets. In all cases, the empirical signature aligns with UTT’s principle that gravitational and
kinematic conditions suppress the emergent rate of phase cycles in the source emission frame.
Furthermore, no one ever measures “time itself”. The universally reported metric is frequency. Clock
comparison experiments measure differences in intrinsic oscillator phase rates, not differences in time
flow.
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This interpretation has an immediate metrological consequence. The frequency that defines the SI
second is not measured in a gravitationally neutral environment. The SI second is defined
operationally by the frequency of a reference atomic transition measured in situ within Earth’s
gravitational potential. From the UTT perspective, that standard frequency already represents a
coherence-modulated result, noted as f': the oscillator defining the second is formed and stabilized
within Earth’s gravitational constraint. The metrological unit therefore reflects a locally scaled phase
accumulation rate rather than a universal background rate of time itself.

The SI standard therefore already reflects a locally constrained phase accumulation rate. Atomic
transitions—such as the cesium-133 hyperfine oscillation—are phase-dependent processes requiring
coherent contrast across their bandwidth for phase fidelity. In stronger gravitational potentials or at
relativistic velocities, these oscillators stabilize through a block-shifted bandwidth and centerline
frequency, producing a reduced effective oscillation frequency: f' = f, - e%, which we register
experimentally as redshift.

The Definition of a Second Reframed
In modern physics, the SI definition of the second is operationally anchored to a specific quantum

process: one second is defined as exactly 9,192,631,770 oscillations of the microwave radiation
associated with the hyperfine transition of the cesium-133 ground state [CGPM, 1967]. This definition
does not appeal to an underlying temporal dimension, flow, or substrate. It defines time entirely
through the stable, countable phase evolution of a quantum oscillator. Time as operationally used in
precision physics is already manufactured from the regulated accumulation of phase cycles in a
reproducible quantum system.

From this perspective, the SI second is not the measure of an invariant proper time parameterizing
phase, rather, time itself is defined through the process of phase unfolding. The most authoritative
definition of time in physics is not grounded in an intrinsic temporal medium, but in the sustained
stability of an oscillator. This operational definition already reverses the usual GR narrative. The unit
of time is therefore operationally constructed from the intrinsic dynamics of matter. Atomic clocks
function by stabilizing a quantum transition and continuously comparing its emitted phase evolution
against a reference oscillator through feedback control. What is counted are phase closures—
successive cycles of a constrained quantum oscillator—not intervals of an external temporal medium.

Once this metrological fact is acknowledged, time cannot remain fundamental in the sense often
implied in conceptual discussions. It is a measurable outcome rather than a primitive ingredient. The
definition of time is explicitly anchored to phase evolution that can be stabilized, resolved, and
counted. If that phase evolution were to lose coherence, the definition of time would cease to
function because the physical mechanism generating the measurable sequence would no longer be
readable.

This gap is visible in the work of Carlo Rovelli, who characterizes time as a “complex collection of
structures, of layers,” explicitly acknowledging that no single notion of time applies across all domains
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[Rovelli 2017]. Rovelli footnotes J. T. Fraser’s Time, Passion, and Knowledge [1975], where Fraser
argues that “time” is not a uniform concept but appears in distinct forms at different levels of
organization, each introducing its own constraints and meanings of temporal order. Fraser presents
this as a hierarchical or conical structure and is explicit that each layer is legitimate within its own
domain—and that conceptual confusion arises when one layer’s notion of time is improperly imposed
on another.

The salient observation is this: nowhere in this layered discourse does time’s supposed
fundamentality connect back to any of its operational definitions. Time is classified, narrated, and
philosophized about across physical, biological, psychological, and cultural domains, yet the one place
where time is actually defined with precision—the SI second—rarely informs in those discussions.
Time is widely treated as emergent in principle, yet simultaneously assumed to be fundamental in
practice by convention and inherited folk tradition rather than by mechanism.

What is striking is how thoroughly this operational fact is normalized within foundational discourse. In
practice, physics defines time through the stability of oscillators operating under physical constraint.
The consequence is subtle but important. The mechanism by which time is physically produced in the
laboratory becomes conceptually detached from the theoretical account of temporal ordering. The
clock is treated as a passive readout of an already existing temporal background rather than as the
physical system whose sustained phase evolution renders time measurable in the first place. In
practice, clocks measure time; but more fundamentally, clocks construct the measurable structure
that allows time to be defined at all. The stabilization of phase that permits oscillations to remain
countable is acknowledged operationally yet rarely granted explanatory authority.

Time therefore continues to be spoken of as though it exists independently of the processes used to
define it.

Phase—Time Asymmetry Principle
What follows from this observation is not merely a philosophical refinement but an ontological shift.

If time is defined operationally through the stabilized accumulation of phase, then any foundational
account of temporality must explain the physical conditions under which phase relations remain
coherent, resolvable, and capable of supporting ordered record formation. This operational fact
imposes a constraint on any theory of emergent time.

The emergence of time is therefore inseparable from the emergence of coherence structures that
permit phase accumulation to remain readable across interacting systems. UTT adopts this
requirement as a guiding principle. Time, in this view, does not precede the physical mechanisms
that define it; it appears only where those mechanisms become physically possible.

Precision clocks do not measure an independent temporal substrate; they count coherent phase
cycles of a quantum oscillator. Temporal intervals are therefore inferred from phase accumulation
rather than measured directly. If time is recovered as an emergent quantity, the theory must also
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recover the phase relations required to support stable oscillatory processes and the record structures
built from them. Without coherent phase structure there can be no oscillations, no clocks, and
therefore no measurable time. Temporal succession is operationally equivalent to ordered phase
accumulation.

UTT satisfies this requirement by locating phase as structurally primitive within the complex
architecture of Hilbert space. Relative phase is an intrinsic property of quantum states arising from
complex amplitudes and unitary evolution; it exists prior to and independently of any temporal
interpretation. Coherent phase evolution therefore provides the minimal physical substrate from
which stable oscillatory records—and consequently measurable time can emerge. Operational time,
however, arises only where coherent phase evolution can be stabilized and counted in oscillatory
systems. This establishes a fundamental asymmetry: phase can exist without time, but measurable
time cannot exist without phase.

The hierarchy implied by this relation is: phase — physical oscillation — clock — time. This
hierarchy collapses in reverse. Operational time is not measured directly but inferred from the count
of periodic physical processes; without something that provides a reliable repeatable process there is
no operational definition of time. Time does not exist independently of the physical processes that
define it. A clock is nothing more than a stabilized oscillator whose cycles can be reliably counted.
Oscillation in turn requires coherent record forming phase structure, since periodic behavior arises
only when phase relations remain sufficiently stable to close repeatedly into recognizable cycles. If
phase coherence is lost, oscillation dissolves into unstructured fluctuation, clocks cease to function,
and temporal measurement becomes undefined. The asymmetry appears in the direction of
irreversibility: coherent phase enables oscillation, oscillation enables clocks, and clocks render time
measurable. Remove coherent phase and the chain collapses immediately—no oscillation, no clock,
no time.

The logic therefore closes in a revealing dependency chain: time is defined by clocks, clocks require

oscillation, and oscillation requires coherent phase relations. Yet phase itself requires no prior notion
of time; it arises naturally from the complex structure of quantum states. Time therefore depends on
phase for its operational definition, while phase stands structurally prior to time.

This phase-time asymmetry does not compel the adoption of the UTT interpretation, but it clarifies
the methodological alternatives. One may retain the conventional view in which time functions as a
background parameter governing phase evolution, while clocks provide operational access to that
parameter. Alternatively, one may treat the operational definition as ontologically primitive and
regard stabilized phase evolution as the physical process from which measurable time arises. UTT
adopts the latter perspective.

By choosing the GR conventional interpretation, then one must accept that time retains explanatory
priority over the very processes used to define it operationally. Yet, choice does not eliminate the
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asymmetry identified, the dependency chain remains a metrological fact: phase — oscillation —
clock — time.

Then the conventional interpretation must assert something like: time remains primitive, phase
evolves with respect to time, oscillators accumulate phase in time, clocks measure time intervals

So the hierarchy becomes inverted conceptually: time — phase evolution — oscillation — clock. Thus,
by rejecting UTT implicitly requires accepting a dual role for time: time as a background parameter
governing phase evolution; time as a quantity defined by phase accumulation. That tension is usually
tolerated because the two levels (theoretical vs metrological) are treated separately.

Rejecting UTT does not invalidate the asymmetry. It means one accepts that the processes which
define time operationally are not taken to be ontologically primary. In other words, the metrological
construction of time is treated as a measurement strategy rather than a physical origin.

This assessment of the metrological hierarchy does not prove the UTT interpretation. But it does
something almost as valuable: it clarifies the structure of the decision before us. The operational
definition of time—anchored to the stabilization and counting of coherent phase cycles places phase
relations in a position of structural priority within the machinery by which time becomes measurable.
Recognizing this does not compel the adoption of any particular ontological conclusion, but it reveals
the assumptions that underlie competing interpretations.

The argument presented here simply holds that if time is defined operationally through stabilized
phase accumulation, then the emergence of time may be more naturally understood as arising from
the physical conditions that permit coherent phase evolution to remain resolvable and recordable.
Others may prefer to retain the conventional view in which time serves as the background parameter
governing that evolution. Both perspectives remain logically possible. The difference does not lie in
the empirical facts—those remain unchanged—but in how much explanatory weight one chooses to
place on the processes that make time measurable in the first place.

UTT does not compel acceptance of its interpretation. It offers an argument. What it ultimately
provides is a mirror: a way of seeing the conceptual structure of time from the standpoint of the
physical mechanisms that define it. Whether one chooses to interpret that reflection as revealing the
origin of time, or merely the instruments by which it is measured is a decision that will ultimately
rest upon the verdict of future metrological experiments. As the precision of phase-stabilized
oscillators continues to improve and gravitational environments become increasingly accessible to
controlled measurement, the relationship between phase coherence, oscillator stability, and temporal
definition may become empirically testable in ways that have not previously been possible.

General Relativity successfully predicts how clocks diverge under gravitational and kinematic
conditions by specifying how proper time accumulates along worldlines. Yet the formalism does not
identify a physical degree of freedom by which the temporal parameter couples to, or generates the
phase evolution of oscillatory systems.
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As a result, the explanatory chain begins with a quantity—proper time—whose operational definition
ultimately depends on the very oscillatory processes it is used to parameterize. The action principle
provides a consistent bridge between geometric interval and phase, but does so at the level of formal
correspondence rather than by introducing an independent physical mechanism for phase generation.
In this sense, proper time is granted ontological primacy within the hierarchy of description, while the
physical processes that define clock behavior—coherent phase evolution and stabilization are
subsumed under that parametrization.

This introduces a structural asymmetry. Proper time is treated as fundamental within the formalism,
yet it is not directly obtained from first-principles observation. Time is therefore postulated at the
level of description, but operationally realized only through phase-stable oscillatory processes.

The role of the action provides the formal bridge between the invariant interval and phase evolution,
ensuring mathematical consistency between geometric and quantum descriptions. However, this
linkage does not remove the underlying dependency: the measurement of time remains contingent
on the very phase processes that time is assumed to parameterize.

While the invariant interval, the action principle, and the dual mathematical representations admit
multiple empirical interpretations, not all interpretations are equally consistent with the observed
hierarchy of physical processes. Empirically, what is directly realized is phase: stable oscillations arise
from phase evolution, clocks register those oscillations, and time is inferred from their accumulation.

The physically realized dependency chain is therefore: phase — oscillation — clock — time. Only
this ordering provides a lawful physical account consistent with causality and observation. Phase
evolution gives rise to oscillatory stability; oscillations provide the mechanism of clock operation; and
clocks furnish the operational measure by which time is defined. Time emerges as a constructed
quantity derived from the accumulation of physically realized oscillatory processes.

In practice, however, the logical hierarchy is often assumed to run in the opposite direction: time —
phase evolution — oscillation — clock. This inversion is conceptually convenient but operationally
incomplete since clocks are the physical systems through which time is defined and measured in the
first place.

In that sense, the question posed here is not philosophical but experimental. If, under UTT, time is
the measurable inheritance of stabilized phase evolution, then any change in the conditions
governing phase accumulation or its resolvability must manifest directly in the observed structure of
time. The observable content of “time” is therefore expected to track the behavior of the oscillators
from which it is constructed.

Conversely, under General Relativity, if phase is the measurable inheritance of an invariant temporal
parameter, then the structure of time must be reflected independently of the specific oscillatory
systems used to measure it. In this case, clocks do not define time; they sample a pre-existing
temporal structure, and their agreement reflects that shared substrate rather than their internal
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dynamics. The universality of gravitational redshift is therefore interpreted as evidence that all
admissible clocks couple identically to the same underlying temporal parameter.

The distinction is subtle but consequential. In the geometric account, agreement across disparate
clocks confirms the existence of a shared temporal substrate. In the phase-primitive account, that
same agreement constrains the universality of phase realization under gravitational conditions.

The asymmetry clarifies the methodological choice. In one case, oscillators generate the measurable
structure from which time is defined; in the other, oscillators reveal a temporal structure already
presumed to exist. Precision metrology becomes the decisive arena.

The question is therefore exact: does time follow the oscillator, or does the oscillator follow time?

Phase Evolution, and the Physical Instantiation of the SI Second
The operational definition of time in modern physics is not grounded in an abstract temporal

parameter, but in the phase evolution of quantum systems. Time is realized through periodic physical
processes, most precisely in atomic clocks. The SI second is defined as the duration of 9,192,631,770
cycles of radiation associated with the cesium-133 atom. In practice, this definition amounts to
counting cycles of a stable quantum oscillator. The quantity called “time” is therefore operationally
constructed from the accumulation of phase in a physical system whose oscillatory evolution can be
rendered stable and countable.

This relationship becomes transparent when the time dependence of quantum states is written
explicitly. For an energy eigenstate, the Schrédinger equation gives:

iEt

YO =e » P(0)

The observable content of this expression lies in the relative phase between energy components. For
a superposition of two stationary states with energies E; and E,:

w(t) = g e E1t/h 1)+ b e iEzt/h | 2)
The measurable quantity is the relative phase difference:

Ad)(t) _ (EZ_El) t

- h

Defining the angular frequency: w, = %

the phase difference evolves linearly: Ad(t) = w,t

One complete cycle corresponds to a phase advance of 2. If N cycles have elapsed, the phase
change satisfies: 2nN = w,t

Introducing the ordinary frequency v, = ? yields: t = =
T Vo
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This expression captures the operational foundation of timekeeping: time is the count of stabilized
phase cycles of a physical oscillator. The SI definition of the second simply fixes the reference
oscillator by selecting the hyperfine transition of cesium-133 and defining one second as the duration
required for exactly 9,192,631,770 cycles of that transition taken at Earth’s geoid.

From this perspective, the second is a metrological record of phase accumulation within a system
whose oscillatory evolution can be stabilized with sufficient precision. Modern optical clocks extend
this principle by exploiting transitions with even higher frequencies and narrower linewidths, allowing
phase accumulation to be resolved with extraordinary accuracy.

The emergence of time as a measurable quantity therefore depends on three conditions. First, the
underlying quantum evolution must produce a stable relative phase between energy states. Second,
this phase evolution must remain coherent over many cycles, allowing oscillations to be discriminated
and counted. Third, the oscillator must be embedded within a physical system capable of recording
and comparing those cycles, converting phase evolution into an operational temporal standard.

General Relativity understands itself as a theory of spacetime geometry and addresses a different
level of description. In that language, time dilation is a statement about the comparative
accumulation of proper time along worldlines, and clocks are idealized test objects that reveal
geometric structure without themselves participating in its explanation.

Within relativistic theory, time dilation arises from the geometry of spacetime. The invariant interval:
de? = —Ciz guvdxtdx¥, determines how proper time accumulates along a worldline. Physical clocks are

assumed to track this proper time revealing the geometric structure of spacetime through their rate
differences. This view is coherent on its own terms. The discontinuity emerges only when this
geometric account is placed alongside modern experimental practice where time is an operational
quantity realized through the sustained phase coherence of physical oscillators.

The relativistic formalism does not specify the microphysical mechanism by which oscillators realize
these rate changes. In the geometric description, clocks are treated as idealized probes that reveal
spacetime structure without participating in its explanation. The connection between geometry and
oscillator dynamics is therefore assumed rather than derived: clocks are taken to follow proper time,
but the physical basis by which their internal dynamics conform to this scaling remains unaddressed.
As a result, any discussion of how oscillator properties are instantiated at the level of measurement
ultimately reverts to the proper time interpretation itself.

UTT asserts that it is precisely this circularity of causal determination that lies at the heart of the
“problem of time.” The formalism maintains internal consistency by allowing proper time to
parameterize physical evolution, while the operation of clocks—through oscillatory phase—serves to
define that same temporal parameter. When pressed to account for the physical instantiation of
phase, the explanation ultimately reverts to the proper time interpretation itself, treating phase as
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evolving in time while time is operationally defined through phase. In this way, the framework
completes a conceptual ouroboros: time governs phase evolution, while phase evolution defines time.

UTT's assertion is that this self-closure is a constraint on explanatory degrees of freedom. By
assigning proper time as primitive, the formalism ontologically neutralizes the mechanism by which
physical systems come to realize the rates it prescribes. Geometry specifies how rates must scale,
and the action principle encodes admissible evolution through phase accumulation, yet the physical
origin of this phase accumulation is not independently derived. Instead, it is subsumed under the
temporal parameter itself. The quantity that is meant to be explained—the rate at which physical
systems evolve is taken as given through proper time, leaving the mechanism by which that rate is
physically enacted unassigned.

This has direct implications for the role of the action principle. In standard formulation, the action
governs the evolution of systems through the accumulation of phase, with ¢ = S/A. However, if the
parameter over which the action is defined—proper time—is itself taken as primitive, then the carrier
of phase evolution inherits this assumption. The result is that phase accumulation, which
operationally underlies all measurable dynamics, is not grounded in an independent physical process,
but is instead anchored to the very temporal structure it is used to define. The action principle
remains formally valid, but its physical instantiation is closed over by the temporal parameter it
presupposes.

The consequence is a descriptive loop that is complete but causally underdetermined. Time governs
dynamics; dynamics, through phase, define time; and the mechanism by which phase evolution
becomes physically realized is absorbed into the primitive assignment of proper time. Within such a
structure, the emergence of temporal behavior—and, critically, the origin of its asymmetry—cannot
be derived from first principles because the conditions required to produce it are already encoded in
the foundational assumptions. The framework therefore remains predictive, but structurally incapable
of resolving the ontological origin of time or the mechanism by which its rates are physically
instantiated.

This has direct consequences for the emergence of temporal order. A framework that presumes time
as fundamental cannot, within its own structure, generate the asymmetry required for an arrow of
time since ordering is already implicit in the temporal parameter. The dynamics that would be
required to produce temporal directionality are therefore subsumed under the very quantity they are
meant to explain. The result is a closed descriptive loop in which time governs dynamics, while the
emergence of temporally ordered behavior—including the thermodynamic arrow—remains
unaccounted for at the level of first principles.

This structure is sufficient for prediction, but it under-resolves the causal origin of temporal behavior,
leaving the emergence of time—and the physical basis of its instantiation undefined within the
formalism.
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Within this framework, no lawfully admissible account is provided for how time itself is instantiated as
a physical quantity, nor how its thermodynamic arrow arises from underlying dynamics. The
formalism preserves symmetry at the level of description, but does not specify the process by which
asymmetry—required for temporal ordering—emerges. Without an internally defined mechanism
linking geometry to the microphysical realization of phase evolution and record formation, the
emergence of time and its arrow remains presupposed rather than derived.

However, in the era of optical lattice clocks and sub-cycle phase resolution—exemplified by the work
of Bothwell and collaborators, the clock is no longer a passive probe. It is a controlled quantum
system whose internal Hamiltonian dynamics, coherence, and phase evolution are explicitly resolved
and measured. The observable signal does not arise from an abstract parametrization of time, but
from the direct readout of differential phase accumulation within the system’s eigenstructure,
bringing the microphysical basis of rate variation into empirical focus.

This distinction becomes increasingly significant in the era of modern frequency metrology.
Experiments employing optical lattice clocks have achieved fractional frequency uncertainties
approaching 10721, enabling direct measurement of gravitational redshift across height differences of
only 1 mm. In such experiments, the observable quantity is not an abstract temporal coordinate but
the frequency of a physical oscillator, measured through the evolution of its quantum phase. The
clock is no longer merely a passive probe of geometry; it is the physical system through which time
itself is operationally defined.

If time is measured operationally through oscillator frequency, and if gravitational and environmental
conditions measurably modify that frequency, then a complete account of emergent time must begin
at the level of phase evolution and coherence. It cannot begin at the level of abstract temporal
geometry or phenomenological description alone. Geometry may correlate the rates of clocks located
in different potentials, but the physical instantiation of those rates resides in the quantum dynamics
of the oscillators themselves.

This is precisely the gap that UTT addresses. Fraser correctly catalogs the plurality of temporal forms
and the contextuality of temporal description. Rovelli correctly insists that time is layered and non-
fundamental. What has been missing is the mechanism that connects those layers back to the
physical act of timekeeping itself—the process by which phase evolution is stabilized, constrained,
and rendered countable in the first place.

The weight of GR’s ontological choice—assigning hierarchical priority to proper time, rests in its use
of the action principle to establish a formal linkage between geometric interval and phase. Through
this construction, proper time is treated as the parameter governing phase evolution, yet the
formalism does not introduce an independent physical degree of freedom by which this coupling is
realized. The resulting tension lies in the task of defining an empirical substrate for time that can be
interrogated independently of the physical systems used to operationally realize it.

87



In practice, no such independent substrate is observed. A clock functions only insofar as its phase
evolution remains sufficiently coherent for oscillations to be tracked without ambiguity. Phase noise,
environmental coupling and gravitational conditions all directly influence the system’s ability to
maintain this coherence. When coherence is degraded, oscillatory evolution becomes
indistinguishable from noise and the system ceases to function as a reliable time standard.

This operational reality makes clear that time is not accessed independently of physical processes,
but is constructed through the stabilization of phase. The reliability of a clock is therefore not a
property of proper time, but of the system’s inherent ability to sustain coherent phase evolution
under the conditions imposed by its gravitational environment.

The operational second is thus the macroscopic expression of a deeper microscopic process: the
sustained coherence of phase evolution within a physical oscillator. Quantum mechanics supplies the
rule governing phase accumulation. Relativistic geometry determines how rates compare across
gravitational potentials. What remains to be specified is the mechanism that links these layers to the
physical act of timekeeping itself—the stabilization of phase evolution into a countable record.

It is precisely this mechanism that UTT seeks to articulate. By identifying the conditions under which
phase evolution remains coherent and by describing how gravitational environments constrain that
coherence, the theory attempts to bridge the gap between the formal structures of quantum
mechanics and relativity and the operational reality of time measurement embodied in the SI second.

UTT'’s Formal Equivalence Theorem
At first glance, time appears to wear many faces. Along a relativistic worldline, the same invariant

progression may be read as proper-time accumulation At, as action accumulation AS, or as quantum
phase accumulation A¢. Remarkably, these are not distinct quantities, but formally equivalent
representations of a single underlying structure—one that remains empirically underdetermined with
respect to which description is taken as fundamental.

This equivalence is not incidental; it is structurally enforced. Each representation captures the same
ordered progression under a different formal lens: geometry encodes it as interval, dynamics as
extremal action, and quantum theory as phase evolution, while empirical observation does not
privilege one formulation over the others. The mapping between them is exact and norm-preserving.
No additional degrees of freedom are introduced; no information is lost.

What differs is not the quantity itself, but the interpretive ordering imposed upon it. Any one of these
representations may be taken as primary, with the others derived through established relations. The
invariant content is fixed; the assignment of fundamentality is not.

UTT demonstrates that the explanatory languages of relativistic time and quantum phase are
structurally equivalent—distinct representations of the same invariant progression. This
correspondence is encoded in the action—phase relation of relativistic quantum mechanics. For a free
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particle, the action along a worldline is: S = mc?z, and the associated quantum phase is given by:
S

¢ =

Proper time determines the action; the action determines the phase. The mapping is exact and
lossless. Proper-time accumulation and phase accumulation therefore constitute dual expressions of a
single invariant structure, differing in representation but not in physical content.

Mirror Formulation
General Relativity (Geometric Description): Gravitational redshift is described as a difference in

the rate at which proper time accumulates across gravitational potential. The spacetime metric
determines how proper time T is resolved between observers, and clocks diverge accordingly.

Geometry —» At — clock rate

UTT (Oscillator / Phase Description): Gravitational redshift is described as a constraint on phase
accessibility determined by gravitational coherence conditions at formation. The spectral profile—its
Jacobian-configured distribution of frequency and wavelength is set by ® and carried forward under
unitary evolution.

Coherence constraint - A¢ — observable frequency

Proper-time accumulation and phase accumulation constitute dual representations of a single
invariant structure. This dual equivalence explains the continuity of the argument across physical
domains. The underlying structure of modern physics remains fully intact under a change in
interpretive priority. Proper time may be taken as determining oscillator rates, or oscillator phase
accumulation may be taken as the physical substrate through which proper time becomes
observable. The distinction between them is not physical but interpretive, reflecting the choice of
whether the invariant progression is expressed geometrically as proper time or operationally as
accumulated phase.

In either interpretation, the mathematical framework is unchanged and all empirical predictions are
preserved. The equations remain identical; only the assignment of ontological priority differs. The
formalism itself carries both interpretations simultaneously, reflecting an inherent underdetermination
in the representation of the invariant structure. This equivalence demonstrates that the distinction
between geometric time and phase evolution is not one of physical content, but of explanatory
ordering.

The symmetry between relativistic proper time and oscillator phase accumulation becomes clear
when the dynamical equations are viewed through the invariant structure they share. In General

Relativity, the physically meaningful temporal quantity is the proper time accumulated along a
worldline: dt? = — = gwdxtdx”. Physical clocks are assumed to tick in proportion to this invariant

c2

interval.
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In quantum mechanics, the fundamental dynamical quantity governing a stationary state is phase
evolution, expressed through the wavefunction:

LlJ(t) ~ e—iEt/h
For a state of definite energy E, the time dependence is carried by the accumulated phase in the

exponent. If we refer to the magnitude of that phase accumulation, then over an interval At:

Ap = At

The progression of the system is therefore encoded in the accumulation of phase. Differentiating with
respect to time vyields: i—‘f = % Energy therefore sets the rate of phase advance of the quantum state.

The accumulated phase over an interval is: A = %At, making explicit that phase accumulation is
proportional to both the system’s energy and the duration of its evolution.

This allows the time parameter to be expressed explicitly in terms of phase: At = % A

. . . E
In this sense, a quantum system behaves as an oscillator with angular frequency: w = -

The number of accumulated cycles is: N = % = ‘2‘)—;
Solving for time yields: : t = ? N = %“ N

The relations:

wt 2T

N= o & t== N
establish a one-to-one, invariant correspondence between elapsed time t and accumulated phase
cycles N. This correspondence is structural: the same physical process can be represented either as
the passage of time or as the accumulation of phase. The mapping is exact and invertible, preserving
all measurable quantities. What appears as temporal evolution in one representation appears as
phase accumulation in the other, indicating that the formalism constrains the relationship without
uniquely fixing which quantity is fundamental.

This equivalence becomes operationally decisive in measurement. No experiment accesses time
directly; clocks register completed cycles of phase within oscillatory systems. The integer N counts
physically realized transitions—coherent, repeatable structures that can be compared across systems
while w sets the scale of that accumulation. In this sense, time is not independently observed, but
reconstructed from the accumulation of phase relative to a standard. The relation above therefore
encodes not only a mathematical identity, but the operational basis of timekeeping itself.
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If time is taken as ontologically primitive, phase accumulation is interpreted as proceeding in time
with cycles counted over a given temporal interval. If instead phase is taken as primitive, elapsed
time is reconstructed from the completion and comparison of cycles. In both cases, the measurable
content—frequencies, phase relations, and transition dynamics remains unchanged. The formalism is
indifferent to the assignment.

The distinction, therefore, is not mathematical but explanatory. Invariant structure fixes the relation;
it does not decide which quantity is fundamental. One description treats time as the parameter
governing phase evolution. The other treats phase accumulation as the physically realized process
from which time is inferred. Both are admissible within the same formal framework. The choice
between them determines where causation is assigned: whether dynamics unfold in time, or whether
time itself emerges from the ordered accumulation of physically realized phase.

The Relativistic Bridge: Action—Phase Equivalence
When relativistic dynamics are expressed through the action S, the geometric description of proper

time and the quantum description of phase become formally linked through a common invariant
structure. In General Relativity, the invariant associated with a timelike worldline is proper time T. In
relativistic mechanics, the quantity that governs dynamical evolution is the action: S = [ L dt.

For a free particle the action accumulated along a worldline reduces to: S = —mc?t. The action is the
object that carries the invariant content and encodes phase directly. But here’s the thing, the action
does not “admit arbitrary invariants”; it specifically encodes the variables that generate phase. That
structural role makes phase the natural conjugate representation of the same invariant content
carried by proper time.

Quantum theory expresses the evolution of the wavefunction in terms of the same invariant action

iS
into observable phase through: ¢ ~ e#. In this form, the action does not merely describe dynamics—
it directly generates the observable phase of the quantum state, making phase accumulation a
measure of invariant action.

imc?

Substituting the free-particle action S = mc?t into the phase factor yields: ¢ c e™

T

2
so that the accumulated phase is: ¢ = —% T. The same invariant (action) simultaneously encodes

proper time and generates phase. In GR, that quantum phase accumulation is directly proportional to
proper time along the worldline.

The proportionality constant called the Compton angular frequency is: w¢ = mTCZ, allowing the relation
to be written as: ¢ = —wct

This relation is already enough to show something important: the invariant proper time of relativity
and the accumulated phase of quantum theory are not independent structures. They are linked
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through the same invariant action. Proper time appears in the action; the action appears in the
exponent; the exponent is phase. The bridge is more than interpretive convenience, it is built into the
formalism itself.

In this sense, phase is not an independent or optional construct, but the necessary representation of
action in quantum dynamics. The structure of the theory therefore selects phase as the operational
quantity through which invariant evolution becomes observable. Proper time and phase are thus dual
parameterizations of the same invariant linked by the way action enters physical law.

The deepest weight of UTT’s argument does not lie merely in the observation that phase and time
can be related algebraically. It lies in the more fundamental fact that, once dynamics are expressed
through the action S, quantum theory does not permit that invariant content to appear in arbitrary
form. It appears specifically as phase. That is the decisive structural fact.

The point is not that the action was “designed” to admit phase in the informal sense, as though some
other unrelated quantity might have been substituted instead. The point is stronger and more
precise: under the mathematical requirements of quantum theory, invariant action becomes
physically expressible only through a phase factor. What may vary is the parameterization of that
phase—coordinate time, proper time, cycle count, or frequency—but the underlying dynamical
content is phase.

The action does not arbitrarily admit phase; quantum theory compels invariant action to appear as
phase, making phase the unique operational expression of the same invariant content that relativity
encodes geometrically as proper time.

Dual Interpretations of the SI Second
This dual interpretive reading of the same invariant relation becomes operationally unavoidable in

modern time metrology. The SI second—realized in practice as 9,192,631,770 cycles of the cesium-
133 hyperfine transition, meaning that time itself is realized experimentally through the stabilized
counting of oscillator phase. Relativistic geometry therefore specifies the conditions under which
those oscillatory cycles accumulate at different rates.

In this sense, UTT supplies the missing connective mechanism linking metrology, quantum dynamics,
and relativistic observation. Time is no longer fundamental by parametrization, emergent by
declaration, and operational by necessity. Instead, it becomes non-fundamental by construction,
emergent by mechanism, and operational by consequence. The alignment between these three
domains—metrology, physics, and lived temporality—marks the point where the theory intervenes
with its greatest explanatory force.

From the perspective of Coherence Field Theory, the SI second already encodes the correct causal
hierarchy, albeit implicitly. Phase resolution is primary: a physical system must sustain coherent
phase evolution before anything can be counted at all. Record formation follows, as discrete,
resolvable phase transitions are stabilized and inscribed into accessible degrees of freedom.
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Frequency is then constructed as an empirical ratio—the rate at which those records accumulate.
Only after this chain is established does duration emerge as a meaningful quantity providing the
ordering relation we call time.

In this sense, temporal order is the final outcome of a successful coherence cascade. The SI second
does not define time by fiat; it defines the conditions under which time can be operationally
reconstructed. This hierarchy—phase — record — frequency — duration—is a physical fact
embedded in how precision timekeeping actually works. CFT simply makes explicit what the
metrological standard already assumes: time exists only insofar as coherent phase evolution can be
resolved, recorded, and compared. What UTT adds is the missing physical degree of freedom—
gravitational constraint, which governs how and where this phase accumulation can occur. Time, as
standardized by metrology is therefore the observable metric of coherence maintained under
constraint rendered at formation and countable through oscillatory stability.

Yet within UTT, the SI standard requires reinterpretation. What the cesium transition actually records
is the degree to which its frequency and phase bandwidth are formed and preserved under
gravitational potential. In this view, the clock does not measure time itself—it measures coherence
retention at rate indexed by gravitational constraint. The SI second is therefore a calibrated
expression of how much coherence survives the local gravitational environment of earth, not
evidence for the existence of an underlying temporal medium.

National standards laboratories—such as NIST in the U.S., PTB in Germany, and NPL in the U.K.—
operate cesium fountain clocks close to the Earth’s surface. International coordination is overseen by
the Bureau International des Poids et Mesures, which maintains global time scales in practice with
the SI second defined by the cesium hyperfine transition and realized at a clock rate fixed on the
geoid—the equipotential surface that approximates mean sea level. Clocks located elsewhere are
corrected (or accounted for) so their contributions yield a time scale consistent with that standard.

The SI second is defined by assigning the unperturbed Cs-133 hyperfine transition frequency the
exact value 9,192,631,770 Hz. Terrestrial realizations of this standard, however, occur within Earth’s
gravitational potential, so comparisons between clocks require gravitational redshift corrections
relative to the chosen geopotential reference surface. At the geoid, using ® ~ —GM/R:

@
“=z

~ —6.96 x 10710
and corresponding suppression factor at Earth’s potential is: o, = % In(1 + 2a)

Under UTT, the realized terrestrial Cs frequency may be interpreted as a gravitationally indexed

frequency f’, related to a counterfactual flat-potential reference f, by: f, = ;Tg
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This yields a fractional offset of approximately 6.96 x 10~1°, corresponding to about 6.4 Hz, so that
the extrapolated flat-potential Cs frequency would be approximately: f, ~ 9,192,631,776.4 Hz. This
value presents a UTT/GR-equivalent extrapolation from the terrestrial realization of the standard to
o =0.

In UTT terms, this alignment indicates that the SI definition of a second already encodes a
coherence-suppressed frequency throughput imposed by Earth’s potential, while the (& =

0) reference fo represents the unsuppressed coherence bandwidth of the cesium transition. The
empirical 6.4 Hz offset thus shows that coherence-suppressed timing is structurally embedded in the
foundations of relativistic chronometry.

The SI second therefore measures how much the centerline full-bandwidth quantum coherence has
been constrained into classical sequence by Earth’s gravitational potential or velocity. In this view,
the very definition of the second already encodes the influence of coherence suppression at the
geoid: it gains its operational meaning because oscillatory transitions are narrowed into an emergent
channel that can be stabilized and counted. Far from being a neutral unit of time, the SI second is
thus a direct expression of the mechanism UTT identifies—coherence bandwidth shifted by potential,
manifesting as ordered temporal sequence at lower frequency.

The invariant relation ¢ = S/A = —mc?t/h therefore exposes the shared substrate underlying
relativistic proper time and quantum phase evolution: both describe the same accumulated action
expressed in different variables. Modern time metrology makes this equivalence operational, since
the SI second is defined through the stabilized counting of 9,192,631,770 cycles of an atomic
transition, i.e., the accumulation of oscillator phase.

UTT simply recognizes the duality of proper time and phase already implicit in this structure. Where
conventional interpretations read the equations as time determining oscillator behavior, the same
invariant relations can be read in reverse revealing operational time as the macroscopic record
produced when coherent phase evolution remains accessible and countable under relativistic
constraint.

The Heart of Time’s Conceptual Void
A striking irony lies at the center of modern physics’ treatment of time. Although time appears

everywhere—governing motion, change, and causality—it is never treated as a physical thing in its
own right. We use it constantly, yet we never handle it directly.

In quantum mechanics, every measurable quantity corresponds to an operator acting on a quantum
state: position, momentum, energy, spin. These operators represent physical observables—quantities
a system can in principle possess, exchange, or measure internally. Time is the exception. It does not
correspond to an operator. Instead, it enters the theory as an external parameter that labels
evolution. Quantum systems evolve with respect to time, but time itself is not something a system
can carry, store, or interact with. It governs dynamics without participating in them.
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General Relativity does not eliminate this peculiarity—it recasts it in geometric form. Spacetime
curvature responds to energy—momentum and that curvature produces measurable effects on clocks
and trajectories. Yet even within this framework, time is not introduced as a physical substance or
field. It enters as a coordinate parameter within the spacetime metric used to label and relate events
rather than as an independently measurable entity.

There is no local carrier of time in the sense of a propagating field or particle excitation. Unlike other
physical quantities, time is not locally transported; its operational meaning arises only through the
behavior of physical systems. In practice, time is realized through stable periodic processes—most
precisely, through phase-coherent oscillations that serve as clocks.

This is the crux of the issue. General Relativity provides an extraordinarily powerful framework for

correlating physical processes, but it does not derive time from first principles observation. What it
delivers is a geometric prescription for comparing rates—how much proper time accumulates along
different worldlines—not a physical account of what time is or how it acts.

What is conceptually observable in GR is proper time along a worldline: the accumulated interval
registered by a physical clock as it traverses spacetime. Proper time is obtained by integrating the
metric along a path. It is not time flowing as a physical entity, but a calculated quantity derived from
geometry and motion. Observers never interact with time itself. They interact only with clocks—
material systems whose internal dynamics are reinterpreted through a geometric formalism rather
than explained from a microphysical mechanism.

Herein lies the tension. Time is often spoken of as fundamental, yet it never appears as something
with which any physical system directly interacts. It does not exchange energy, carry degrees of
freedom, or act back on matter. It serves as a bookkeeping parameter necessary for calculation,
indispensable for coordination, but inert as a physical agent. By strict interpretation, no observer ever
measures time directly.

Operationally, what is called “time” is accumulated rather than encountered. Its rate is fixed by
convention, not revealed by first principles. The SI second is defined by the hyperfine transition
frequency of cesium-133 because it provides a stable oscillator against which intervals can be
compared. Calendar time—rooted in astronomical cycles must be continually corrected by leap
seconds to remain consistent with atomic clocks as Earth’s rotation drifts. In practice, we adjust our
notion of time to preserve agreement with oscillators, rather than using clocks to probe an underlying
temporal substance.

This exposes a deep asymmetry between how time is operationally defined and how it is treated
within our physical theories. What we call “time” has no direct experimental handle. It is never
accessed without mediation through geometric structure, clock dynamics, synchronization
conventions, relativistic corrections, and inherited standards. Time is not touched; it is always
inferred.
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This captures the irony of so-called fundamental time. There is no single physical definition, no direct
practice, and no first-principles account grounded in interaction. Even operationally, time is never
measured in isolation. In GR, it is inferred from oscillatory behavior, computed by agreement, and
encoded through geometry rather than encountered as a physical quantity with its own degrees of
freedom.

Physical systems evolve, clocks oscillate, and records accumulate—but time itself does not appear as
a physical entity that is acted upon or directly observed. What physics actually tracks are correlations
among dynamical processes. “Time"” functions as a constructed parameter that orders those
correlations, not as a participant in them. It governs without acting, structures without being
structured, and anchors prediction without possessing agency.

This reflects the interpretive scope of General Relativity. GR specifies how clock readings compare
across gravitational and kinematic conditions; it does not claim to identify a physical substrate for
time itself. Yet the absence remains consequential. Time is required throughout our theories as the
parameter that orders evolution, but it does not appear as an independently observable degree of
freedom.

In particular, no physical degree of freedom is identified by which time couples to, or generates, the
phase evolution that underlies all oscillatory processes used to define it. Time is therefore
indispensable for calculation, yet absent as a directly accessible physical entity derived from first
principles emergent behavior. Its operational meaning arises only through the behavior of physical
systems—most fundamentally, through the accumulation and stabilization of phase.

In this strict sense, time in GR is not something directly experienced or manipulated. What we
experience as change—atomic transitions, oscillations, decay rates are physical processes whose
behavior is predicted through proper-time accrual consistent with gravitational potential ®. The
subjective sensation of time passing has no operational role. Time functions as a parameter required
to describe evolution, not as a tangible entity analogous to spatial dimensions, fields, or particles. If
time were a freely flowing physical substance, one would expect it to possess local degrees of
freedom or a measurable carrier. Time, under GR contains no such structure.

Thus, even within its own framework, General Relativity treats time as a construct for organizing
dynamical relationships rather than as a directly observed component of physical reality. It provides a
geometric language for correlating processes, not a microphysical ontology of time itself. This
interpretive gap is a limitation—one that becomes increasingly visible as physics advances into
regimes dominated by precision metrology and quantum coherence.

The irony is sharp. Time is indispensable to our equations, yet absent from our higher ontology. It
governs dynamics without being dynamical, structures evolution without being a physical participant,
and remains operationally accessible only through the very processes it is assumed to parameterize.
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A unification of quantum theory and relativity therefore remains incomplete while time itself persists
as an undefined physical entity.

For every other component of spacetime, physics offers tangible characterization. Spatial dimensions
admit metric distances, curvature, and localization. Fields carry energy densities and excitations.
Particles have operators, spectra, and interactions. Time alone is treated differently: essential to the
formalism, yet never itself formalized as a physical entity.

This asymmetry is not merely philosophical; it is structural. Time is required everywhere, but involved
nowhere. It is invoked as a background prerequisite even in theories that explicitly aim to show it is
emergent. As a result, time occupies a paradoxical position: simultaneously foundational and
undefined, universal and unobservable, essential and unaccounted for.

The logical tension follows immediately. If time is not an operator, not a field, not a substance, and
not directly observable—if it is never measured except through secondary quantities such as phase,
frequency, or state change, then treating time as fundamental is an interpretive choice, not an
empirical necessity. The question is no longer why time is difficult to quantize, but why it was
assumed to be primitive in the first place.

UTT takes this asymmetry as an ontological fork. Rather than attempting to promote time to an
ontological entity it has never been, UTT asks whether time is a derived construct—an operational
abstraction arising from deeper, physically instantiated micro-dynamics. In this framework, time is
not the carrier of evolution but its effect: the measurable imprint of coherence-regulated phase
evolution under gravitational constraint.

UTT brings this section to a close with a simple thought experiment. Imagine, if you will, that you are
Albert Einstein in the years preceding 1905. You are confronted with the invariance embedded in the
square-root structure of the metric. The formalism does not privilege any specific physical quantity—
it requires only that whatever is fundamental must scale smoothly under gravitational influence.

Now alter a single condition. Suppose the structure of the atom—and its relation to phase had been
understood decades earlier. Suppose coherent oscillation, not duration, had already been established
as the most precise and stable observable. You are no longer approaching invariance in the absence
of phase; you are confronting it with phase already in hand.

Given what we now recognize as the fourfold indeterminacy within the formalism—its invariance, its
action-based structure, its dual mathematical representations, and its non-unique empirical
realization—you arrive at a fork.

In that moment of insight, two interpretations are equally admissible, measure for measure. Both
preserve the invariance. Both reproduce the scaling. Both remain consistent with observation.

But they differ in what they take as primary.
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One path leads to a framework in which time is assumed and phase follows—a structure that closes
on itself where time parameterizes phase and phase is required to realize time.

The other leads to a framework in which phase is primary and time is inferred—a structure in which
observable oscillation grounds the ordering we call time without circular dependence.

Both paths are mathematically valid. Both are empirically sufficient. But only one is free of causal
circularity. Faced with the same invariance, the same data, and the same mathematics—
which ordering would you choose?

Preview of Empirical Foundations
UTT's block-shift model proposes that gravitational influence manifests as a uniform scaling of the

observable frequency channel. In this picture, coherence suppression does not remove energy or
phase evolution, but redistributes how that evolution is expressed. The experimentally accessible
component appears as the redshifted frequency: f' = f,, - e*&, which represents the fraction of phase
evolution that remains coherently resolvable within the observable channel.

The complementary portion, f, (1 — e%s), corresponds to higher-frequency phase structure that is not
accessible within the observable channel under the gravitational constraint at the point of emission. It
does not represent a separate physical spectrum, but rather the portion of phase evolution that does
not project into a coherently resolvable frequency signal under the local conditions imposed by the
gravitational potential.

This partition is therefore a bookkeeping decomposition of the scaling law consistent with
conservation of the underlying phase evolution: the total phase structure is preserved, while only a
constrained subset is expressed as a coherent, spectrally resolvable signal. The observable channel
captures the portion of phase evolution that remains phase-coherent under gravitational constraint,
while the complementary term denotes phase structure that is not spectrally resolvable within the
measurement.

This complementary contribution is not lost; it is reflected through the conjugate scaling of
wavelength, such that the invariant relation: ¢ = f'- A, is preserved. The decomposition therefore
respects the block-shift structure: frequency contracts, wavelength expands, and the underlying wave
relation remains invariant across conjugate variables.

Within General Relativity, no energy deficit is registered because energy is defined locally: each
observer measures energy with respect to their own proper time. Global energy consistency is
maintained through covariance and symmetry-based conservation principles encoded in the stress—
energy tensor and the geometric structure of spacetime. In this framework, gravitational redshift
does not represent energy loss, but a relational redefinition of energy between observers following
different worldlines—a point emphasized in standard treatments of relativistic energy conservation
[Einstein 1911; Misner Thorne Wheeler 1973; Wald 1984].
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But if total energy is conserved within the global wavefunction—as both quantum mechanics and
general relativity insist—then the suppressed portion of frequency configurations must have a
physically trackable accounting for the observable imprint of this coherence-regulated redistribution
that is already permitted. Neither framework provides one. In GR, no energy is ever “missing”
because each observer defines energy with respect to their own proper time, and the global
bookkeeping is handled abstractly through geometric identities, Killing symmetries, and stress—energy
conservation.

QM likewise lacks a lexicon for describing how an oscillator’s coherence bandwidth is partitioned
under gravitational influence. UTT fills this gap by providing the missing physical audit: the
complementary fraction of coherence bandwidth (1 — e%s) is not lost, but structurally repurposed
within the spectral reshaping with conservation recovered through the conjugate Jacobian scaling
between frequency and wavelength channels. UTT thereby introduces a new lexicon—and a
coherence-based framework in which gravitational redshift, time dilation, and decoherence become
transparently mechanistic rather than purely geometric. This provides modern physics with a
microphysical account of how gravitational potential acts upon oscillatory systems, offering
explanatory reach that neither GR nor QM, in their current formulations is equipped to supply.

UTT’s posit stands on solid empirical ground supported by a century-long continuum of experiments
that all reveal the same underlying structure: oscillator frequency varies systematically with
gravitational potential. Tolman [1930] showed that thermal equilibrium in a gravitational field
requires a potential-dependent frequency gradient—the “weight of heat.” Colella, Overhauser, and
Werner (COW) [1975] demonstrated that neutron matter waves acquire gravitationally induced phase
shifts. Kasevich and Chu [1991, 1992] extended these results to atoms with internal oscillators,
empirically linking clock frequencies directly to gravitational potential. Pikovski et al. [2015] predicted
universal decoherence arising from gravitational time dilation, with visibility loss scaling exactly as
®/c2. Roura [2018] refined this into a quantum-clock interferometry proposal, capable of measuring
coherence suppression directly at the oscillator level. Across all of these platforms—thermal photons,
neutrons, atoms, atomic clocks, and interferometric superpositions—the empirical signature is the
same: frequency tracks gravitational potential with extraordinary fidelity, precisely as encoded by the
Einstein field relation.

In General Relativity, gravitational redshift and time dilation are not attributed to any underlying
microphysical modification of oscillatory processes. Rather, they are described geometrically through
the differential accumulation of proper time along worldlines. A clock situated deeper within a
gravitational potential evolves according to its local proper time and, within its own rest frame,
exhibits no intrinsic change in its oscillatory behavior. The observed frequency shift arises only in
relational comparison between frames: signals emitted from lower gravitational potential are received
at higher potential with reduced frequency, ' < f;, reflecting the geometric structure of spacetime
rather than any loss or alteration of the clock’s internal dynamics [Misner, Thorne & Wheeler, 1973].
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This reduction is not interpreted as a loss of energy from the oscillator. Instead, each local observer
defines energy through: E = h-f, using their own proper-time parameter by construction [Einstein
1907; Misner Thorne Wheeler, 1973]. Local energy—momentum balance is guaranteed by covariant
conservation: v, T* = 0, which follows identically from the Einstein field equations and the Bianchi
identities [Einstein 1916; Wald 1984]. Within this framework, energy conservation is strictly local. Any
notion of global energy conservation exists only in spacetimes possessing special symmetries—most
notably a timelike Killing vector field under which a conserved energy can be defined [Noether 1918;
Wald 1984].

Under this interpretation, the complementary fraction (1 — e%) carries no ontological significance.
General Relativity provides no formal lexicon for coherence bandwidth, phase accessibility, or
suppressed frequency configurations. Frequency reduction is fully exhausted by geometric proper-
time comparison, and no complementary quantity is interpreted as physically latent or constrained.

UTT interprets time as emergent—non-fundamental. For the purpose of this discussion, we take
phase as primitive and do not assume proper time as the parameter that governs its evolution.
Quantum mechanics preserves the unitary wavefunction; General Relativity preserves conservation
through symmetry. These constraints must remain intact.

The empirical fact to be explained is unchanged: signals emitted from deeper gravitational potential
are observed with a reduced frequency.

Within these constraints, the admissible possibilities are limited. If the Hamiltonian remains fixed and
unitary evolution is preserved, then no dissipative or in-transit modification of the signal is permitted.
The wavefunction evolves without loss, and no mechanism exists for frequency to be dynamically
reduced during propagation without violating unitarity or introducing additional structure.

The only remaining locus at which the observed scaling can enter is at the point of emission.

In the UTT framework, this is expressed as a block shift: the emitted signal is realized with a
frequency: ' = £, - e“s, with the scaling determined by the local gravitational condition at the point of
emission. The signal then propagates without further modification. Redshift is therefore not
accumulated during transit, but encoded at emission as a condition on how phase is realized under
gravitational constraint.

From Tolman'’s thermodynamic law to neutron and atom interferometry, and from gravitationally
induced decoherence predictions to quantum-clock proposals, the empirical record forms a
continuous, mutually reinforcing arc. Across every platform, frequency and phase behavior track
gravitational potential with the same strict proportionality. The convergence of these results points
directly to UTT’s central claim: gravity is not merely a geometric influence on stretched spacetime,
but a causal force impinging directly upon coherence bandwidth—the mechanism through which
redshift, time dilation, and temporal organization emerge. Under this framework, temporality is not
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fundamental; it is the structured appearance of oscillatory systems resolving phase information under
gravitational coherence suppression.

Canonical Formalism of Coherence Suppression
Coherence suppression is the block-shifted, uniformly scaled contraction of a quantum system'’s

spectral profile under gravitational or kinematic constraint. It is expressed through the coherence
retention factor: e*s, which quantifies the fraction of an oscillator’s coherence bandwidth that
remains expressible at a given potential.

The dimensionless suppression parameter is defined by the gravitational potential: a = ;3; =— %,
which directly encodes curvature as a coherence constraint. From this relation emerges the constraint
exponent: a, = %2 In(1 + 2«) recasting gravitational potential into an exponential law governing
phase stability and coherence retention. This leads directly to the canonical relation: At'/At = e,
which expresses the retained fraction of oscillatory coherence in situ.

a=—2=2 =% In(1+20) dt'/dt=e%

Rcz  ¢2
Under this law, angular frequency w and emergent energy E are attenuated in exact proportion:
o' =w-e% E'=E-e%

These relations manifest empirically as slower atomic oscillations, gravitationally redshifted photons,
and reduced emergent energy while total energy is conserved through the reciprocal expansion of
wavelength carried by the Jacobian fractional scaling of the spectral envelope.

Bridging ® to W

Clocks do not generate time independently; they instantiate it through phase-stable oscillations. Once
gravitational potential is recognized as a coherence-modulating field, its role can no longer remain
confined to post hoc comparisons of clock readings alone. To restrict gravity to a geometric
correlation between clocks while leaving the phase structure from which those clocks are built
entirely untouched would sever the observable from its generating mechanism. The same structure
that produces measurable time dilation and frequency scaling must therefore be reflected at the level
where observable frequency originates—namely, in phase accumulation itself.

The governing constraint is decisive. If the observable rate of oscillation varies with gravitational
potential, then gravitational influence must be accounted for at the level of phase realization—but not
by modifying the unitary law that governs quantum evolution. In standard quantum mechanics, the

evolution of a closed system is generated by the unitary propagator: U(t) = e‘%Ht, which preserves

normalization, probability, and internal consistency. Any modification to this operator—such as the
insertion of an external multiplicative factor—would violate unitarity or imply non-conservation of
energy. The evolution operator cannot be altered without changing the theory itself.
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UTT proceeds by faithfully respecting this constraint. The Schrédinger equation provides a complete
account of phase evolution: the Hamiltonian generates phase, and the state evolves without loss of
coherence. The dynamics are fully specified.

What the unitary operator does not specify is how that phase becomes observable.

This is the critical gap. The assignment of spectral configuration—fixed by local gravitational
conditions at formation—precedes the subsequent evolution governed by the Hamiltonian. This
ordering is structurally required: the Hamiltonian can only act on a state once its spectral content is
defined. It does not generate this structure; it propagates it. The phase profile established at
emission is therefore the very profile carried forward in time, not an auxiliary or externally imposed
feature.

In this sense, the mapping from phase evolution to measurable frequency under varying gravitational
conditions is not introduced at the level of comparison—it is already encoded in the propagator itself.
The evolution preserves the initially indexed phase structure exactly without modification or
reinterpretation. Observable quantities arise only when this phase is resolved through a physical
process capable of stabilizing oscillation such that the preserved structure becomes operationally
accessible.

The implication is decisive: the observable frequency—what is ultimately measured, reflects a
structure fixed at formation, faithfully carried through evolution, and rendered comparable through
measurement.

UTT makes this intermediate layer explicit.

UTT introduces a constraint on observable phase realization, not on phase evolution. The
wavefunction continues to evolve unitarily under the unchanged propagator while gravitational
potential constrains how the phase generated by that evolution becomes operationally expressible as
an observable frequency. The exponential factor e*s does not enter the Hamiltonian post formation,
it does not act on the state vector, and does not modify the evolution operator. It appears only at
emission in the mapping from locally admissible phase accumulation to measurable frequency: ' =
fy- e%s.

The effect is therefore local in origin but relational in detection. No energy deficit is observed within a
single system in isolation; the difference becomes measurable only upon comparison across
gravitational potentials. This establishes the bridge. The influence of gravitational potential does not
enters at the level of evolution: ® » ¥, but at the level of realization:

® — constraint on observable phase — f’

This is the key link between ® and W: gravitational potential does not act on the wavefunction—it
determines how that wavefunction is expressed through phase.

102



No energy is lost, and no amplitude is removed. The apparent attenuation of frequency reflects a
redistribution across conjugate variables, preserving the invariant relation: ¢ = f'- A". Frequency
contracts while wavelength expands maintaining consistency with both conservation principles and
relativistic structure.

This interpretation aligns directly with General Relativity. There, time dilation does not arise from a
modification of the internal Hamiltonian. No intrinsic energy levels are altered. Instead, symmetry
principles ensure global conservation by encoding energy differences as relational observables
between frames. The effect is encoded in how systems are compared, not in how they evolve.

UTT preserves this structure while relocating its locus.

Where GR encodes the effect in the comparison between observers, UTT locates it in the formation
of the observable signal itself. The same physical system, governed by the same Hamiltonian and
evolving under the same unitary dynamics, yields different observed frequencies under different
gravitational conditions because the conditions under which its phase becomes observable differed at
emission.

The two descriptions remain fully consistent at the level of prediction. They differ only in where the
scaling is understood to reside. The bridge between ®—WV¥ is therefore operational. Gravitational
potential does not alter the wavefunction—it constrains access to the observable phase it carries.

The Convergence of GR and UTT
This section distinguishes how two formally equivalent representations encode gravitational scaling in

fundamentally different domains. The square-root form and the exponential form express the same
invariant relation, yet they operate in distinct representational regimes. General Relativity formulates
this scaling geometrically, through the metric factor v/1 + 2a, which governs the accumulation of
proper time between frames. UTT expresses the same relation in phase space, through the
exponential factor e“s, which encodes the accessibility of phase under gravitational constraint.

Once e“s has performed its role as a multiplicative scaler of phase slope at formation, it does not
participate in the subsequent unitary evolution. The wavefunction propagates unchanged under:

e’%ﬁt, and no additional factor enters the dynamics. The scaling does not evolve with the system; it is
carried forward as part of the signal and becomes manifest only upon detection and comparison
across systems where differences in phase realization are resolved through measurement and
ultimately through interaction with entropic subsystems.

In this sense, the factor is not dynamical but structural. It marks how phase was realized under
specific gravitational conditions without altering how that phase subsequently evolves.

In this way, the two forms are not competing descriptions, but symmetry-equivalent encodings of the
same invariant structure. The square-root form expresses gravitational scaling at the level of
geometric interval; the exponential form expresses that same scaling at the level of phase realization.
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The difference is not one of physical content, but of representation—of where the scaling is
understood to reside. The scaling is set at formation, carried through propagation, and revealed only
at comparison.

In GR, gravitational redshift is revealed through comparison. Frequencies measured at different
gravitational potentials are related by the metric, and the effect is encoded in how proper time
accumulates along distinct worldlines. The observable is therefore relational: it emerges only when
two systems are brought into comparison. The underlying oscillator is not said to change; rather, its
rate is understood relative to another.

UTT preserves this empirical structure but relocates its locus. The same relational scaling that GR
resolves through comparison is understood to be carried by the emitted signal itself, as an imprinted
frequency determined by the gravitational conditions under which that frequency was realized. The
factor e*s assumes a dual role: operational, in that it encodes how gravitational potential conditions
the observable frequency at formation; and relational in that this imprint becomes relevant only
through comparison across systems. It is through this carried imprint that gravitational redshift
becomes accessible to precision measurement.

Crucially, this reformulation introduces no dynamical modification. The unitary evolution of the

wavefunction remains governed by: e‘%Ht, and the Hamiltonian retains its full structure. No additional

terms are introduced, no internal energy levels are altered, and no oscillator is retuned. This is not an
adjustment to dynamics, but a clarification of how those dynamics become observable.

This point is borne out across experimental practice. From the Pound—Rebka experiment to the
Hafele—Keating experiment, and extending to modern optical lattice clock comparisons, gravitational
redshift is never interpreted as a modification of internal quantum structure. No experiment reports a
change in the Hamiltonian of the system. What is measured is a ratio—a relational scaling between
frequencies realized under different gravitational conditions.

This section began by identifying an apparent divergence in interpretation: General Relativity encodes
gravitational redshift geometrically through proper-time accumulation, while UTT expresses the same
scaling through phase realization. At first glance, these appear to occupy distinct explanatory
domains. That divergence, however, is only superficial.

It collapses once the role of the action is recognized. The action parameterizes phase, and phase—

through: ¥ ~ e‘%s, provides the common structure underlying both descriptions. What appears in GR
as the accumulation of proper time is, in quantum terms, understood as the accumulation of phase.
UTT recovers this structure explicitly. In doing so, it reveals that both frameworks are describing the
same invariant process through different representations.

In this sense, UTT is not an alternative theory, but a natural extension. It makes explicit that phase is
not only the basis upon which all comparisons are made, but the substrate from which those
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comparisons arise. The only negative consequence of adopting a phase-first ontology is the demotion
of time from a fundamental parameter to an emergent expression of stabilized phase evolution.

This reinterpretation preserves all physical constraints. Energy conservation remains intact as each
local observer defines energy through the frequency they resolve, E’' = h-f'. No energy is lost in
transit, and no amplitude is removed. The apparent attenuation of frequency reflects a redistribution
across conjugate variables, maintaining the invariant relation ¢ = f’-A’. Unitarity is preserved, and the
Schrdédinger dynamics remain unchanged.

What UTT contributes is a reassignment of explanatory weight. Where GR encodes gravitational
scaling in the geometry of comparison, UTT encodes it in the formation of the observable signal. The
two descriptions remain fully consistent at the level of prediction; they differ only in where the scaling
is understood to reside.

This resolves a subtle but persistent asymmetry. General Relativity treats time as fundamental and
phase as derivative, while quantum mechanics treats phase as fundamental and time as parametric.
UTT restores symmetry between these views by identifying phase realization as the common
substrate through which both descriptions meet.

Only when the locus of interpretation shifts from geometry to phase does the apparent divide resolve
into unification at the level of physical structure.

UTT's Principle of Gravitational Coherence Constraint
Gravitational potential ® does not act as a dynamical operator within the unitary evolution of the

wavefunction W. Quantum evolution proceeds autonomously under the system’s Hamiltonian, while
the gravitational field functions as a constraint on coherence, specifying the conditions under which
that evolution can remain observationally resolvable.

Gravity does not generate motion in the wavefunction, induce transitions, or inject or extract energy.
The wavefunction evolves entirely under its intrinsic unitary dynamics. What gravitational potential
determines is not the course of that evolution, but the coherence bandwidth through which its phase
structure can be accessed. Gravity does not cause quantum evolution; it governs the degree to which
that evolution becomes measurable.

This distinction is forced by consistency of commitments. In the absence of dynamical coupling,
gravitational potential cannot be represented as an operator acting within the wavefunction. Gravity’s
role is therefore regulatory rather than dynamical. It establishes the coherence boundary conditions
at formation within which quantum evolution proceeds, without entering that evolution as a causal
driver. Once indexed at emission, the wavefunction propagates under unitary dynamics, independent
of further gravitational intervention.

Gravity does not act as a force within the wavefunction, nor does it participate in any exchange
process. It is not an accumulated quantity within the system’s internal dynamics. Rather, it functions
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as a background constraint field, whose magnitude varies with position but does not couple as a
dynamical degree of freedom. In this sense, gravitational potential delimits the accessible frequency
spectrum—the fractional phase structure that can be operationally expressed while preserving the full
spectral content and maintaining energy conservation.

Gravity reappears once more only at the level of resolution. The local gravitational environment
defines the metrological conditions under which phase evolution becomes coherently observable. It
therefore functions both as a coherence boundary condition at emergence and as a global
measurement context at detection while remaining non-dynamical during propagation.

Within this framework, ® establishes a background constraint on the accessible phase spectrum. It
delimits the bandwidth of phase continuity through which unitary evolution can be expressed. The
result is a uniform contraction of the observable frequency spectrum, appearing as a multiplicative
scaling of oscillator frequency. The spectral structure itself remains intact; the entire frequency
envelope undergoes a coherent block shift under gravitational constraint.

Energy conservation remains exact. The apparent reduction in frequency is compensated by
reciprocal expansion in wavelength through conjugate Jacobian remapping, preserving the invariant
relation ¢ = f'-1". Gravitational redshift therefore does not represent energy loss, but a redistribution
of spectral representation under constraint.

The consequence is precise: gravitational potential determines how much phase evolution is
accessible, not how evolution proceeds. The wavefunction evolves under its Hamiltonian; gravity
establishes the coherence limits within which that evolution can be resolved and recorded. No
transitions are forced, no motion is generated—evolution unfolds autonomously within a constrained
coherence environment.

Gravity thus assumes a role analogous to a coherence index at emergence. As a refractive medium
defines the spectral conditions under which waves are expressed, gravitational potential defines the
coherence conditions under which phase is indexed and made observable. The gravitational field
does not act within the wavefunction—it delimits the spectral imprint through which that
wavefunction becomes physically resolvable.

Gravity’s Role Clarified: From Regulator to ® —» W
This assessment of gravity’s role within UTT may be concluded by recognizing that the theory’s

central relation: ' = £, e“, admits three equivalent readings, each corresponding to a distinct stage
in the ontology of gravitational coherence constraint dynamics. The equation itself remains
unchanged; what varies is the interpretive frame through which the relation is read.

The first reading occurs at formation. The most direct formulation of the principle is that the local
gravitational potential establishes a coherence boundary condition at emission. The coherence

parameter o specifies the bandwidth of phase evolution that remains resolvable at formation. The
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oscillator is therefore indexed to the gravitational environment in which it is created, and the
emergent frequency f’ reflects the coherence conditions fixed at that moment.

The second reading applies to propagation. Once formed, the oscillator evolves under its own
Hamiltonian through unitary dynamics. The indexed frequency f’ represents the stable phase rate
carried forward through the wavefunction’s intrinsic evolution. In this stage gravity does not
dynamically intervene in the system’s propagation; the coherence conditions established at formation
remain embedded in the oscillator’s phase structure.

The third reading arises at comparison across gravitational potentials. When oscillators formed in
different gravitational environments are brought into metrological relation, the same expression
describes the observable frequency disparity between them. The equation therefore appears
experimentally as gravitational redshift or relativistic clock comparison.

These three interpretations correspond directly to the UTT ontology:

e O (local potential) — coherence constraint at formation
e W (unitary evolution) — autonomous phase propagation
e comparison — metrological resolution across potentials

The relation is therefore symmetric with the ontology itself. The symmetry of this formulation
becomes most evident when viewed in the context of modern time metrology. The SI definition of
the second operationalizes time as the stabilized counting of oscillator phase cycles within a specified
atomic transition. Atomic clocks therefore do not measure an abstract temporal parameter; they
realize time through the coherent propagation of indexed frequency. In this setting the relation: ' =
f,- e*s, acquires a direct experimental interpretation.

At formation, f’ expresses the coherence boundary condition under which the oscillator’s frequency is
indexed to the local gravitational environment e*s. During propagation it represents the stable phase
rate carried forward through the oscillator’s intrinsic unitary evolution. At comparison it appears as
the measurable frequency disparity between clocks situated in different gravitational potentials. The
same relation therefore governs oscillator formation, phase propagation, and clock comparison within
a single coherence-constrained framework. UTT does not alter the empirical structure of gravitational
redshift; it reveals that the same relation which predicts relativistic clock disparity also describes the
coherence conditions under which the clocks themselves become physically realizable.

Time's Heavy Bias

The modern understanding of time emerged within a particular historical and intellectual
environment—one in which the most accessible mathematical language available to physics was
geometry. When Einstein developed Special Relativity (1905) and later General Relativity (1915), the
internal structure of atoms and the dynamical behavior of physical oscillators were only beginning to
be understood. Atomic theory was only beginning to stabilize, quantum mechanics had not yet been
formulated, and the physical mechanisms underlying oscillators and clocks were largely unknown. In
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this context, geometry provided the most reliable framework through which invariant relations
between measurements could be expressed.

The geometric interpretation of spacetime in GR did not originate as a purely conceptual leap by
Einstein, but emerged from a deep mathematical lineage rooted in geometry. From the distance
relations of Euclid to the curvature formalism of Bernhard Riemann, quadratic forms had long been
established as the minimal structures capable of encoding invariant relationships between coupled
degrees of freedom. These forms were not introduced to describe spacetime specifically, but because
they uniquely preserve symmetry under transformation.

Einstein’s contribution was not the invention of this quadratic structure, but its physical
reinterpretation. By identifying the invariant interval as the fundamental object of spacetime—and
extracting proper time through the square root—he elevated a mathematical necessity into a physical
ontology. Geometry became constructive: the stage upon which physical reality unfolds was recast as
the quadratic structure that defined it.

This move carried a subtle but profound bias. Once the invariant was interpreted geometrically,
time—emerging from the square root of that invariant—was promoted to a fundamental parameter.
The ordering of events, the rate of physical processes, and the structure of causality were all
grounded in the accumulation of proper time. In this sense, time inherited the authority of the
invariant itself.

Yet the necessity of the quadratic form does not uniquely prescribe its interpretation. Quadratic
structure arises from the requirement of symmetry invariance. Physical laws must remain consistent
across transformations, and only bilinear forms satisfy this constraint. They encode relationships—
between space and time, energy and momentum—in a way that remains invariant across frames. But
while invariance demands quadratic structure, observation demands linear quantities. Physical
measurements are made as rates, intervals, and amplitudes. We do not observe dS?; we observe dr.

The square root therefore appears as a necessary transformation: the extraction of a linear,
directional observable from a symmetric, quadratic invariant. Quadratic structure encodes
relationships; linear structure encodes measurement. The square root is the bridge between them.

The deeper consequence is often overlooked. The invariant does not mandate that its linear
extraction be interpreted as time—it only mandates that some linear observable be extracted.
Einstein’s interpretation identifies that observable with proper time, and in doing so, anchors physical
reality in a geometric temporal (spacetime) framework.

This interpretation was further solidified by the structure of conservation laws. Through Noether's
Theorem, conservation emerges from symmetry [Noether 1918]. Time-translation symmetry gives
rise to energy conservation, while spatial symmetries yield momentum conservation. The quadratic
invariant enables these symmetries to be expressed consistently, but it does not itself generate
conservation laws. Symmetry, not geometry, carries that burden.
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Einstein’s early formulation of General Relativity exposed the limits of treating conservation as
fundamental. In curved spacetime, where no global time coordinate exists, energy cannot be defined
or conserved in the same universal sense as in flat space. Early attempts to enforce conservation
through coordinate-dependent constructions revealed the instability of that assumption.

Noether resolved this tension by reframing conservation as conditional. Conservation laws arise only
where the appropriate symmetry exists. In spacetimes lacking global time-translation symmetry,
global energy conservation is not well-defined. This result did more than repair a technical issue—it
clarified the hierarchy: symmetry is primary; conservation is derived.

Taken together, these developments canonized a particular interpretation of reality. The invariant
was read geometrically, its linear extraction was identified as time, and conservation laws were tied
to symmetries defined within that temporal framework. The result was a coherent and extraordinarily
successful model—but one in which time occupies a privileged, and largely unquestioned, role.

UTT begins precisely at this point of consolidation.

It recovers the invariant structure, preserves the symmetry framework, and retains all empirical
predictions. But it reexamines the interpretive step. If the invariant encodes relationships and the
square root merely extracts a linear observable, then the identification of that observable with time is
not uniquely required. UTT proposes that what is fundamentally extracted is not time, but phase.

In this view, phase is the primary linearization of the invariant structure. Observable frequency,
phase accumulation, and coherent oscillation become the operational basis upon which all
measurements are made. Time is then understood as the ordered record of stabilized phase
relationships across systems.

The invariant was never defined by the mathematics. Time was the interpretation. Phase is the
alternative—and it recovers the same structure without requiring time to be fundamental.

The Invariance of Rods and Clocks

Relativity therefore grounds its operational content in quantities expressible through geometric
invariants. Space and time are unified into a spacetime manifold whose metric structure is accessed
through the coordinated use of rods and clocks. These devices are introduced as idealized
realizations of the metric: clocks track proper time, and rods define spatial intervals. Rods and clocks
were not selected as invariants, but as operational devices to realize the linear quantities of time and
distance extracted from the invariant spacetime structure. In the standard formulation, their behavior
is assumed to faithfully reflect the underlying geometry, allowing invariant relations to be measured
in practice.

The procedure proved extraordinarily successful. The spacetime interval: dt? = —Ciz guvdxtdx”

provided a coordinate-independent measure of duration along a worldline and the predictions derived
from this formulation—time dilation, gravitational redshift, and the relativistic ordering of events were
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repeatedly confirmed by experiment. This operational assumption, entirely appropriate for the state
of physics at the time, effectively fixed the direction of explanation: the behavior of clocks was
interpreted as revealing the structure of spacetime itself.

Yet this operational success conceals a deeper asymmetry in the conceptual architecture of the
theory. The theory does not require a first-principles derivation of how specific physical systems
realize ideal clocks or rods. Instead, these devices are introduced as idealized systems whose
behavior is already assumed to conform to the metric relations they are meant to measure.

In this sense, rods and clocks function as interface quantities: they instantiate the geometry for
measurement without specifying the mechanism by which that instantiation occurs. Their internal
physical dynamics—whether atomic transitions, electromagnetic oscillations, or material stability are
not explained by General Relativity. Rather, they enter as independent primitives assumed to provide
faithful realizations of spatial and temporal intervals.

This choice is both powerful and pragmatic. It renders the theory empirically accessible while
preserving the primacy of geometric structure. But it also introduces a structural degree of freedom.
The interval dt? is derived from symmetry and expressed mathematically, while its empirical
realization is mediated by devices whose behavior is assumed rather than explained. The theory
specifies how intervals relate; it does not specify how physical systems come to realize those
intervals.

The consequence is subtle but decisive. By taking clocks as the direct realization of proper time, the
theory elevates time—extracted from the invariant via the square root to a foundational status. Yet
the devices that instantiate this quantity are not derived from the same invariant structure. They are
assumed to conform to it.

Time’s Heavy Bias: Continued
The consequence of this historical ordering is subtle but decisive. The early formulation of relativity

relied on assumptions made prior to any detailed understanding of the actual internal physics of
clocks. An idealized clock placed within a gravitational potential was presumed to register proper
duration in accordance with the metric relations defined by that potential. This assumption was not
derived from the microphysical behavior of the clock itself, but introduced as an operational
postulate.

The extraordinary empirical success of relativity subsequently reinforced this geometric
interpretation. As atomic physics matured and the internal dynamics of clocks became understood in
terms of coherent quantum oscillators, the original assumption remained embedded within the
conceptual framework. The behavior of clocks—now understood to arise from phase-stable quantum
transitions continued to be interpreted as a manifestation of spacetime geometry, rather than as a
phenomenon requiring its own physical account.
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This sequence effectively fixed the direction of explanation. Spacetime geometry was taken to
determine the behavior of clocks, while the underlying physical mechanisms of those clocks were not
required to explain why they conform to the metric structure. The theory describes how clocks
behave within gravitational fields, but does not explain why physical oscillators—governed by
quantum phase evolution should align with the geometric relations imposed by the metric.

Einstein himself recognized this limitation. The operational role assigned to rods and clocks was
methodological rather than fundamental. In developing the theory, these instruments were
introduced as idealized measuring devices that allowed the metric structure of spacetime to be
accessed, but their internal behavior was not derived from the underlying physical laws. As Einstein
later noted:

“Strictly speaking, measuring-rods and clocks would have to be represented as solutions of the basic
equations of physics, not as independent entities.”
— Albert Einstein, Relativity: The Special and General Theory

This acknowledgment is critical. GR successfully describes how clocks behave within gravitational and
kinematic environments through the invariant structure of the spacetime metric. Yet the systems that
operationally define measurement—rods and clocks remain external to that derivation. Their
conformity to the metric is assumed, not explained.

The consequence is a selective weighting of ontological primitives, giving rise to a directional
asymmetry embedded in the theory: proper time determines the behavior of clocks, while the
physical mechanisms of those clocks are not derived from basic equations of physics underlying the
observed structure. The invariant proper time is treated as fundamental, while the quantum systems
that realize it are introduced as dependent, idealized entities whose behavior conforms to, but is not
derived from the same invariant structure.

Time’s Heavy Bias — Logical Closure
The historical order of discovery subtly fixed the direction of explanation that persists today. By the

time the microscopic physics of clocks was understood through quantum mechanics, their behavior
was found to align with the predictions of relativity. Because the geometric framework was already
well established, the most natural interpretation was adopted: these systems were taken to realize
the structure of spacetime itself.

This agreement was naturally interpreted within the prevailing geometric ontology. The experiments
were designed to test relativistic predictions and their agreement provided strong empirical
confirmation. As a result, the behavior of quantum clocks was not treated as an independent physical
phenomenon requiring its own explanatory basis, but as a validation of the existing ontology. Atomic
clocks were understood as increasingly precise realizations of ideal clocks, faithfully revealing the
structure of spacetime. The internal dynamics of quantum oscillators were therefore incorporated into
the relativistic picture as the physical mechanism through which proper time becomes measurable.
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In this way, phase evolution was interpreted as the means by which proper time is operationally
accessed, while the metric was taken to govern the rate at which physical processes unfold. The
explanatory chain was thus reinforced: geometry determines proper time, proper time governs clock
rates, and clocks provide the operational realization of temporal duration.

Yet this ordering was not emperically required—it was historically stabilized. The empirical agreement
confirms the invariant relations described by relativity but does not uniquely determine how those
relations are to be interpreted at the level of physical mechanism.

The experiments confirmed the relations; the interpretation followed the theory that predicted them.

Nothing in the mathematics of relativity demands that the invariant parameter be interpreted as
fundamental time. The metric specifies only an invariant scalar progression along worldlines.
Quantum mechanics, independently, describes how physical systems register such progression
through phase evolution. Both frameworks describe the same invariant structure from different
standpoints.

The asymmetry arises from interpretation. Because relativity emerged first as a geometric theory,
time was elevated to a foundational role. When quantum clocks later revealed their internal structure
as coherent oscillators, their behavior was read as confirmation of that prior assumption. The success
of the theory reinforced its interpretation.

But the same empirical agreement admits a parallel reading.

Clocks do not measure time as an independent substance; they register the accumulation of phase.
The invariant described geometrically by relativity appears operationally through phase evolution in
physical systems. The metric requires only a scalar progression—it does not require that progression
to be interpreted as time itself.

This distinction is decisive.

The relativistic interval defines how an invariant quantity accumulates; quantum theory shows how
that accumulation is physically realized. Interpreting that invariant as time is a powerful and
successful choice—but it is not uniquely required by the structure of the theory.

The geometry demands an invariant progression. Quantum systems reveal it as phase.

Criterion for the Emergence of Time
Contemporary approaches to quantum gravity face the task of defining continuity across successive,

correlated, record-forming configurations without presupposing temporal structure inherited from
General Relativity and quantum mechanics, which otherwise guides how the emergence of time is
framed. Even when formal frameworks attempt to eliminate time, the dynamics required to animate
relational configurations are quietly sustained by surrogate structures—evolution parameters,
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relational clocks, or auxiliary ordering variables that reproduce the functional role of an ordering
principle without deriving it from the theory’s internal principles. UTT identifies this as a temporal
inheritance bias: the conceptual imprint of prior theories in which time is already central to the
advancement of physical description.

Static relational configurations—even when highly correlated and arranged to suggest continuity—
cannot, by themselves generate succession. Correlation can describe states, encode structure, and
approximate continuity, but it does not produce evolution. No ordering principle can substitute for a
causal mechanism. Without a generative process that produces distinguishable change, there is no
basis for one configuration to follow another.

For progression to occur, a lawful causal mechanism must advance the system from one
configuration to the next. In the absence of an emergent physical principle by which progression
arises from the system’s internal dynamics, continuity must instead be imposed through an external
ordering construction.

Each observable transition therefore requires a physically operative cause internal to the system—one
that generates change rather than merely describing relational structure. The appearance of
progression cannot be attributed to the configurations themselves; it must arise from dynamics that
produce succession. If such dynamics are absent, temporal sequencing is not derived but introduced.
An ordering parameter arranges otherwise timeless configurations into an ordered series, giving the
appearance of evolution without providing the mechanism that produces it.

The consequence is decisive: without an internal process that generates change, no sequence of
states—however well correlated can account for observable progression. Relational structure alone is
insufficient; every realized transition must be grounded in a causal, dynamical origin.

This introduces a structural circularity. If temporal order must be assumed in order to generate
succession, then the resulting sequence cannot serve as evidence that time has emerged. The
ordering parameter first supplies the progression required for change; the resulting ordered
configurations are then interpreted as time. What appears as emergence is therefore a reformulation
of an imposed structure. Succession is not generated by the system; it is externally instantiated
within the formalism.

UTT departs from this structural dependence on time by identifying the minimal physical conditions
under which temporality can arise without presupposition. The emergence of time cannot be
achieved by the formal removal of explicit temporal variables (t, dt); it requires a lawful dynamical
mechanism internal to the system—one capable of generating ordered succession rather than merely
indexing configurations. UTT satisfies this requirement by specifying the conditions under which
succession is physically produced rather than imposed. Temporal order becomes physically possible
only when the following two conditions are satisfied.
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First, an asymmetrical condition must be present—a physically instantiated distinction that
differentiates between otherwise symmetrically correlated configurations. In the absence of
asymmetry, all admissible states remain equivalent, and no configuration can be selected as
preceding or following another.

Second, a dynamical mechanism must convert that asymmetry into ordered succession. The system
must not only distinguish configurations, but evolve them in a way that restricts admissible
transitions and produces irreversible ordering among states. This requires an internal process that
generates change, rather than an external parameter that assigns sequence.

When these conditions are met, succession is not introduced—it is generated. Temporal structure
emerges as a consequence of the system’s own lawful dynamics, not as a pre-existing parameter
imposed upon it. Asymmetry enables distinction; dynamics produces succession.

The following principles form the basis of UTT's criterion for the emergence of time.

Criterion I — External Asymmetry (Symmetry Breaking)
Across modern physics—from statistical mechanics and condensed-matter phase transitions to

spontaneous symmetry breaking in quantum field theory—the emergence of ordered structure is
consistently associated with symmetry breaking: when external conditions restrict the equivalence of
admissible configurations, systems can evolve toward distinguishable states. When all admissible
configurations remain symmetric and equally accessible, no lawful progression among them can
arise. Ordered succession becomes possible only when constraints break configurational equivalence
and restrict which states remain physically accessible. By the same principle, the emergence of
temporality must likewise depend upon conditions that restrict configurational equivalence and permit
lawful progression among states.

This principle appears across multiple domains of physical theory. Ordered structure becomes
possible only when symmetry is broken by external boundary conditions or dynamical instability. In
statistical mechanics, macroscopic order arises when equilibrium symmetry is disrupted by gradients
in temperature, energy, or chemical potential, allowing systems to evolve toward preferred
configurations [Landau Lifshitz 1980; Callen 1985]. In condensed matter physics, phase transitions
are understood as symmetry-breaking processes in which an order parameter selects a particular
configuration from a symmetric ensemble [Landau 1937; Goldenfeld 1992]. In quantum field theory,
spontaneous symmetry breaking selects a particular vacuum state from an otherwise symmetric set
of possibilities, giving rise to observable structure such as particle masses and collective excitations
[Nambu 1960; Higgs 1964; Weinberg 1995]. Cosmological models likewise attribute the large-scale
structure of the universe to symmetry-breaking processes occurring as the early universe cooled and
fundamental interactions differentiated [Kolb Turner 1990; Linde 1990]. In each case, ordered
structure does not emerge from perfectly symmetric conditions but from the lawful imposition of
asymmetry that restricts the accessibility of undifferentiated configurations that would otherwise
remain equally admissible.
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External asymmetrical conditions impose non-uniform constraints on the accessibility of internal
states, breaking the equivalence of admissible configurations under reversal or permutation. Once
this symmetry is broken, transitions are no longer equally permitted: certain pathways become
dynamically favored while others are progressively suppressed. The configuration space acquires a
directional structure, allowing distinguishable states to arise through selective accessibility.

In the absence of such asymmetry, all admissible configurations remain equally accessible. No
configuration is privileged, and no lawful basis exists for selecting one state over another. Under
these conditions, reversible coexistence persists and no intrinsic ordering can emerge. Succession
cannot arise from symmetry alone.

Ordered progression therefore requires constraints that break configurational equivalence and restrict
the accessibility of states. Only under such asymmetric conditions can a system generate a lawful
sequence of distinguishable configurations.

Criterion II — Internal Ordering Mechanism (Selective Stabilization)
Second, the system must possess an internal physical mechanism capable of converting imposed

asymmetry into selective stabilization of configurations. This mechanism does not merely register
asymmetry; it acts on the system’s state space, amplifying certain configurations while suppressing
others. In doing so, it transforms a symmetric space of indifferentiated admissible possibilities into an
irreversibly ordered sequence of physically realized states.

In physical systems, this role is carried by environmental decoherence, dissipative coupling, and
record formation. These processes provide the concrete pathway by which abstract asymmetry
becomes physically operative. Initially admissible configurations—coexisting as superposed or
equivalent possibilities are driven toward a restricted subset of stable, redundantly encoded states
that persist under interaction with surrounding degrees of freedom.

Decoherence provides the clearest realization of this mechanism. Interaction with an environment
suppresses phase coherence between superposed configurations, selecting a preferred basis of
pointer states that remain dynamically stable. Crucially, these states do not merely survive; they
become recorded. Information about the selected outcome is redundantly imprinted across
environmental degrees of freedom creating a distributed record that is effectively irreversible. Once
encoded in this way, the system cannot return to its prior indeterminate state without reversing the
entire entangled record structure—a process that is physically inaccessible.

This transition from superposition to stabilized record is the microscopic origin of thermodynamic
irreversibility. Dissipative interactions transfer information and energy into the environment,
increasing entropy and converting reversible microscopic dynamics into macroscopically irreversible
state transitions. The arrow of time, in this view, is not imposed externally but emerges from the
system’s inability to erase the records generated through decoherence and dissipation.
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Absent such an internal ordering mechanism, asymmetry alone is insufficient. External constraint
without internal response leaves all configurations formally admissible, preserving coexistence rather
than producing succession. Conversely, an internal mechanism operating in a perfectly symmetric
configuration space admits no preferred direction and therefore no ordering. In either case, no
intrinsic temporality arises.

Only the conjunction of both conditions—external asymmetry that breaks configurational equivalence
and an internal mechanism that converts that asymmetry into stabilized, irreversibly recorded states
produces genuine temporal structure. Temporal succession is therefore not a primitive feature of the
system, but the outcome of a physical process: the progressive stabilization and recording of states
under asymmetric constraint.

UTT satisfies Criterion I because gravitational potential ® introduces a physically structured
asymmetry: a spatially varying coherence field that breaks the equivalence of admissible
configurations. This asymmetry does not act as a conventional dynamical force or Hamiltonian driver;
rather, it imposes a constraint on phase accessibility, delimiting which configurations remain
simultaneously resolvable within the system. Configurational symmetry is therefore not merely
perturbed but systematically restricted across the field.

UTT satisfies Criterion II because this imposed asymmetry is converted internally into ordered
succession through a concrete physical mechanism. Progressive coherence suppression acts as a
selective filtering process, continuously narrowing the admissible configuration passband. As
suppression increases, configurations that were previously coexistent become dynamically
inaccessible, forcing the system into stabilized, sequentially resolvable states. This process yields
irreversible ordering through the same mechanisms identified in decoherence and record formation:
once configurations fall outside the accessible coherence bandwidth, they cannot be reintroduced
without reversing the underlying constraint.

The exponential factor e“s therefore functions as a coherence-retention map, quantifying the fraction
of phase structure that remains physically expressible under gravitational constraint. Observable
frequency shifts emerge as the direct imprint of this constrained accessibility, reflecting a reduction in
the resolvable phase structure available to the system.

Time does not act as the driver of this process. It appears only downstream, reconstructed from the
ordered record structure that survives coherence filtering. Temporal progression is therefore not
fundamental, but emergent from the irreversible stabilization of phase under asymmetrical constraint.

A Minimal Ontological Model for Emergent Temporality
Emergent temporality requires more than the coexistence of admissible configurations; it requires a

physical mechanism that converts configurational possibility into ordered succession. An initially
symmetric configuration space—such as a superposition of admissible states permits coexistence, but
it does not by itself generate progression. In the absence of constraint, all configurations remain
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equally accessible and no lawful ordering can arise among them. Any account of emergent time must
therefore identify the conditions under which configurational accessibility becomes restricted and
demonstrate how such restriction is transformed into irreversible ordering within the system.

The central challenge in many existing frameworks lies precisely here: the realization of a physical
mechanism capable of generating succession from within the system. Superposition alone sustains
multiplicity but cannot produce direction. Genuine temporality requires that an initially indifferentiated
configuration space be subjected to asymmetric constraint such that not all configurations remain
jointly accessible. This asymmetry breaks configurational equivalence, introducing a structured
limitation on coexistence.

Once such asymmetry is present, the space of admissible configurations ceases to be uniform.
Accessibility becomes differentiated: some configurations remain physically viable while others are
progressively suppressed. This restriction does not merely correlate states—it forces resolution
among them. The system is no longer free to sustain all admissible configurations simultaneously;
instead, it must reorganize its internal correlations into a subset that remains physically permitted
under constraint. Ordering is not forced externally but emerges through the lawful limitation of what
can continue to coexist.

Why do correlated configurations become sequentially resolvable at all? The answer does not lie in
their correlation, but in the conditions under which they can be stably realized. Correlation alone
preserves possibility; it does not enforce order.

Lawful evolution becomes temporally meaningful only when the interval between admissible, record-
forming configurations enters a regime in which they can no longer be jointly stabilized. At this
threshold, simultaneity of access fails: configurations that remain distinguishable in principle can no
longer coexist as mutually realizable records. They must instead be resolved one at a time.

Temporal succession therefore does not begin when configurations differ, but when those differences
become selectively stabilizable under exclusion. Causality is not imposed as a driving principle; it
emerges as the unavoidable consequence of this constraint. Ordering is not added to the system—it
is forced by the limits of what can be realized together.

As the accessible phase bandwidth contracts, the system is driven toward a regime of minimal
distinguishability. Successive configurations approach the resolution limit: each is just distinguishable
from the next, yet incapable of coexisting with it as a jointly accessible record. The result is not
optional ordering, but compelled sequence.

Evolution, in this formulation, is not propelled by an external temporal parameter. It becomes
inevitable because only one configuration at a time can be realized as a stable record at the limit of
resolution. The observable rate of change is therefore not imposed from outside, but set internally by
the threshold of distinguishability itself.
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In the absence of asymmetry, no such process can occur. Symmetry preserves coexistence but
prohibits ordering. Only when constraints break configurational equivalence and restrict accessibility
does progression become possible. When asymmetric restriction and internal stabilization act
together, configurational possibility resolves into irreversible succession and temporal structure
emerges as the metrological description of this stabilized evolution.

This distinction is decisive. Correlation does not produce succession, and superposition does not
produce progression. Only a mechanism that converts restricted accessibility into irreversible
stabilization can generate temporality. Irreversibility arises precisely when constrained configurations
become stable and recordable, such that one configuration becomes physically resolvable only after
another. Temporality is not pre-specified; it appears as the descriptive residue of constraint-driven
ordering.

Once stabilization has occurred, the role of constraint recedes. The system no longer evolves through
further restriction of configurational accessibility but through the lawful dynamical principles internal
to its stabilized structure. Within the ontology of UTT, this establishes a clean separation: constraint
governs formation, fixing the admissible configuration while unitary dynamics govern propagation,
advancing the phase evolution of the stabilized state. UTT accounts for the emergence of ordered
states; quantum mechanics governs their subsequent evolution.

The problem of time reduces to a precise physical question: under what conditions can asymmetric
constraint generate irreversible ordering among a system'’s admissible configurations?

Temporality, in this sense, is the structural outcome of a lawful process in which external asymmetry
progressively restricts configurational accessibility and internal dynamics convert that restriction into
irreversible ordering. Where no such mechanism exists, time cannot emerge. Where it does, ordered
succession follows necessarily.

In this framework, the wavefunction defines what is possible, and phase defines how those
possibilities are related. Ordering is not imposed externally. Configurations become sequentially
resolvable only when constraint enforces selective stabilization.

Sequence is therefore not introduced—it is selected. When configurations can no longer be jointly
stabilized, they must be realized one at a time as distinct records. Irreversible ordering emerges as
the inevitable consequence of constrained phase resolution.

UTT'’s Block Shift Mechanism Underpinning Conservation of Energy
We begin with the relation: f’ = f;,- e“s, where ag = % In(1 + 2a), and a = —GM/Rc?. The quantity

f, denotes the reference emission frequency in the coherence-saturated limit (® = 0), while f' is the
frequency resolved for an excitation formed within a gravitational potential ®.

To make this explicit, consider a common emission spectrum—such as hydrogen—produced in two
distinct gravitational environments characterized by potentials @, and ®,. Each system forms with a
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locally indexed spectral profile, yielding frequencies: f; = f,- e“st, and f; = f,, - e%*s2, respectively. Each
spectra carries a profile fixed by its formation conditions.
When compared, the relation: ;—,1 = e%s17 %2 expresses the relative scaling between gravitational

2

conditions. This is directly analogous to gravitational redshift in GR where differences arise from
comparison of proper time between frames rather than from modification of local oscillators.

In UTT, this comparison is interpreted as a block shift of the spectral profile. The entire distribution—
center frequency, linewidth (FWHM), and bandwidth (in Hz)—scales uniformly by the factor e%s.
Crucially, normalized characteristics (fractional linewidth and relative spacing) remain invariant. The
spectrum is translated in frequency space as a common-mode shift without distortion.

The conjugate Jacobian pairing of frequency and wavelength remains coupled through the invariant
relation ¢ = f « A. Frequency axial components uniformly scale by e%s, while wavelength transforms
reciprocally as: A" = A,- e~%, preserving the invariant propagation condition. This reciprocal
transformation ensures that the wave structure remains self-consistent across representations.

To maintain conservation under this rescaling, the power spectral density (PSD) transforms according

to: S'(f") = é%g S (efT’g), ensuring that total energy is conserved under the change of variables f;, =
fl

e’s’
redistribution of spectral support across conjugate variables.

The apparent reduction in frequency does not correspond to an energy deficit, but to a

In this sense, UTT interprets redshift as a coherence-conditioned indexing of spectral support. The
emitted system retains its full invariant content; only the accessible projection differs between
gravitational environments. The block shifted, Jacobian indexed spectral support therefore preserves
conservation laws: spectral support is redistributed in a symmetry-consistent manner across
frequency, wavelength, and spectral density.

@ Earth Anchor (Laboratory Reference State)
We define the laboratory condition as: @5, ® Pearth surface

1. Gravitational Potential Parameter, Using: a = —%

Constants:

o G=6.67430 x 1071t m3/kg/s*
e Mg = 5.972 x 102*kg

e Rg=6371x10°m

e C=299792458 x 108 m/s

Compute:
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(6.67430%x10711)(5.972x10%4)
(6.371x106)(2.99792458x108)2

AEarth = —6.96 X 10710

AEarth = —

2. Log Mapping to o,

g =%2In (1 + 2a)
ag =~ % In (1 -1.392 x 1077%)

Using small approximation In(1 + x) = X: tggarth = —6.96 x 10710

3. Interpretation
Djap & Pearth = a0 & —6.96 x 10710
This is extremely close to zero, so: e ~ 1 — 6.96 x 1071°

4. Define the Hydrogen Reference Frequency

. . —E
Usmg.f—A

Ha wavelength: Ay, = 656.28 nm = 6.5628 X 1077 m

Compute:

£ _2.99792458x10°8
Barth ™ ™6 5628x10~7

fearth ~ 4.568 X 101* Hz

Final Earth Anchor

|dtearth ~ —6.96 x 10710

Og Earth =~ —6.96 X 10710

| fearth o = 4.568 X 101* Hz|
| Afarth e ~ 656.28n1m = 6.5628 X 10~ m

Given:

o fl . =4568x 10 Hz
® Ogparth = —6.96 X 10710

We solve for f,: f, = L

e%s
So: e% =~ 0.999999999304

Solve for f,:
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_ 4.568x10
0.999999999304

fy, ~ 4.56800000318 x 10'* Hz

0

Final Result: |f, ~ 4.56800000318 x 10'* Hz

Solving for Ag: Agarth = Ap " €7 %8
So solving for flat-space reference: Ay = Agarth * €%8
Compute 2, Given:

Agarth = 6.5628 X 1077 m

e% = 0.999999999304

Ao = (6.5628 X 1077) - (0.999999999304)
Ao ~ 6.56279999544 x 10~ m

Final Result

1A ~ 6.56279999544 x 10~ m|
Ao = 656.279999543 nm| compared with actual: 656.28821758 nm

The small mismatch between tabulated values of f-A and c lies well within rounding error introduced
by finite decimal representation. It does not reflect any failure of the block-shift formalism. When
frequency and wavelength are treated as conjugate variables and one is computed from the other
through c = f-2, the invariant relation is preserved exactly.

The Sun
Using Earth-anchored flat-space reference: f, ~ 4.56800000318 x 10'* Hz

we can now build the solar Ha model with the same UTT relation:

f' =f,-e%, g =% In(1+ 2a), az—%

For the Sun, we use the IAU nominal solar mass parameter and nominal solar radius:
(GM) = 1.3271244 X 1029 m3s72, Rp = 6.957 X 108 m
and the laboratory Ha anchor near 656.28 nm.

_ (GM)O

First compute the solar gravitational parameter in UTT notation: ag = o
O

which gives: ag ~ —2.1225 x 107°
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Then: ayp = % In(1 + 20) ~ —2.1225 x 107

So the solar formation frequency for Ha is:

fl@ = fo' e(ng
fo ~ (4.56800000318 x 101%4)e~21225%107°
f& ~ 4.56799030758 x 101 Hz

That means the solar Ha line is lower than the flat-space reference by: Af = f, — f5 ~ 9.70 x 10® Hz.

Using ¢ = f-2, the corresponding solar wavelength is: A, = fi ~ 6.56289611 x 1077 m
O]

So: [Ap = 656.2896106 nm

So the UTT solar model reads:

ap ~ —2.1225 x 107

o ~ —2.1225 x 107¢

fo =~ 4.56799030758 X 10'* Hz

Ao = 656.2896106 nm| compared with actual: 656.2896106 nm

This aligns with the textbook GR weak-field result because UTT’s exponential form is algebraically
equivalent to the standard square-root redshift factor. The only difference is interpretive: GR reads
the shift as proper-time comparison, while UTT reads it as phase accessibility indexed at formation.
The numerical prediction is the same.

Sirius B (Deep ® White Dwarf System)

A very good deeper-® star for the same Ha model is Sirius B. It is especially useful here because its
Ha gravitational redshift is directly documented, with a reported gravitational redshift of 80.42 +
4.83 km s~*, and the same study gives gravitational-redshift-based estimates of M = 1.02 + 0.02 M
and R = 0.0081 + 0.0002 R, [Barstow et al. 2005].

Using UTT's Earth/flat-space anchor: f, ~ 4.56800000318 x 10'* Hz

GM
Rc?

and the UTT relation: f' = fy-e%, oz =% In(1+2a), o=

we take for Sirius B: Mgg = 1.02Mg, Rgg = 0.0081Rg

G(1.02M@)

(0.0081Rp)C2 —2.6729 x 107*

That gives: agg = —
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and therefore: agsg = % In(1 + 2asp) ~ —2.6736 X 107*

So the Sirius B Ha formation frequency is:

fS’B = fO- eagSB
fig ~ (4.56800000318 x 101%) ¢~26736x107*
fsg =~ 4.56677887667 x 10'* Hz

The corresponding wavelength is: Agg = f,i ~ 6.564637047 x 107" m

SB

So: |Agg = 656.4637047 nm

Relative to UTT's flat-space reference, the modeled shift is therefore: Af = f, — fgg = 1.2211 X
1011 Hz

And: AA = Agg — Ay = 1.7549 X 1071 m = 0.17549 nm.

That wavelength shift corresponds to an effective redshift velocity:

2~ 2% 2673X 107, veq~zc~80.1kms ™

0

which is in excellent agreement with the documented Sirius B gravitational redshift of:
80.42 + 4.83km st

So the full Sirius B UTT model is:

asp ~ —2.6729 x 10|

Ogsp ~ —2.6736 X 107*

fp ~ 4.56677887667 x 10'* Hz
|Asp ~ 656.4637047 nm|

The UTT block shift preserves the internal fractional structure of the spectrum while reciprocally
transforming frequency and wavelength such that the invariant propagation relation ¢ = f- A is
exactly maintained. The apparent loss in energy when comparing frequencies across gravitational
frames—quantified by the complement (1—e%¢) reflects a re-indexing of spectral support under a
Jacobian-consistent transformation of conjugate variables.

Formally, the block shift constitutes a change of variables in spectral space. Under the transformation

f - f' = f- e%, the spectral density must transform with the inverse Jacobian: S'(f") = e%g S (efT'g)

ensuring that the invariant norm: [ S(f) df = [ S'(f") df’. is preserved. Conservation is therefore
enforced by the invariance of the integrated spectral measure under coordinate rescaling.
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Under this block shift, the entire spectrum rescales uniformly. As a consequence, normalized internal
structure—fractional linewidth, fractional bandwidth, and relative line spacing—remains unchanged.
Frequency and wavelength transform reciprocally, with equal fractional magnitude and opposite sign,
guaranteeing that the propagation invariant ¢ = f- A is maintained identically across frames.

The block shift therefore preserves both the invariant propagation relation and the norm of the
spectral distribution. What appears as a reduction in frequency is not a loss of energy, but a
redistribution of spectral support across conjugate variables in a manner consistent with the
underlying invariants of the system. Any residual mismatch in tabulated values of f- A arises solely
from rounding and finite precision, not from a breakdown of the formalism.

Redshift is thus not an energetic deficit, but a Jacobian-preserving re-indexing of an invariant spectral
structure.

Symplectic Structure as the Basis of Conservation
At the foundation of modern dynamical theory lies a deeper organizing principle: physical evolution

proceeds through transformations that preserve invariant structure while permitting continuous
reconfiguration of observable states. UTT engages this principle directly because any lawful account
of emergent time must explain not only how configurations change, but how coherent structure
persists through that change. In Hamiltonian systems, this persistence is formalized through
symplectic symmetry, which preserves the invariant geometric structure of phase space under
evolution.

Utt’s Jacobian transformation makes this preservation explicit, constraining how configurations may
form while maintaining the invariant measure governing admissible dynamics. What survives lawful
evolution is therefore not the instantaneous configuration itself, but the conserved relational structure
carried through transformation. Symplectic symmetry thus provides the mathematical expression of a
deeper physical requirement central to UTT: ordered evolution is possible only because invariant
structure persists beneath changing configurations.

In Hamiltonian mechanics, this principle becomes explicit. The Hamiltonian does not itself evolve or
exert causal agency; it defines the rule of motion—a vector field on phase space. States, labeled by
coordinates (q,p), evolve according to Hamiltonian equations, tracing continuous trajectories through
phase space. The coordinates change, but they do so under a constraint that preserves invariant
structure [Arnold 1989; Goldstein et al. 2002].

This is precisely the feature UTT invokes. Gravitational indexing fixes the admissible spectral
structure at formation, and subsequent evolution carries that structure forward without redefining it.
Just as symplectic flow preserves phase-space measure while reshaping configuration, Hamiltonian
evolution preserves the underlying phase structure while reparameterizing its distribution across the
state. The correspondence reflects a shared structural principle: invariants persist; configurations
evolve across the state space.

124



This principle admits a precise statement of conservation. It does not arise from preserving individual
configurations, but from preserving the total measure over configurations under symplectic
transformation. Evolution reshuffles the distribution of states while leaving the total admissible
structure unchanged.

The key point is what does not change. In classical dynamics, the invariant is the phase-space
measure—the quantity that determines how much configuration space is available. Individual
trajectories evolve, regions deform, and structures rearrange, yet the total spectral measure remains
fixed.

This is the point of contact with UTT. The Jacobian spectral configuration plays the analogous role:
gravitational conditions fix the initial measure over admissible phase configurations at formation, and
subsequent evolution preserves that measure under transformation. Just as symplectic flow reshapes
phase-space regions without changing their volume, Hamiltonian evolution carries forward a fixed
spectral structure without redefining it.

Evolution is therefore not the creation or destruction of physical content, but its redistribution under a
symmetry-preserving transformation. What changes is configuration; what persists is invariant
structure.

An equally direct realization appears in the quantum domain. The Schrddinger equation generates
unitary evolution:

ih oW =H0Y, WO =UWOY, U®) =eifit/h
with UTU =1 = norm invariance.
This unitarity enforces norm preservation: || W(t) lI?= (¥(t) | (b)) =1l ¥, II?

so total probability is invariant [Sakurai & Napolitano, 2017; Shankar, 1994; von Neumann, 1955]. As
the state evolves, amplitudes and relative phases are rephased and mixed across the Hilbert space;
interference patterns shift and observables change, yet the global norm is fixed.

The mechanism is structural, not reactive. The Hamiltonian generates a one-parameter unitary group
that transports the state while preserving the inner product. No step in the evolution can amplify or
diminish the total magnitude; only redistributions consistent with unitarity are admissible. Thus the
wavefunction is continuously reshaped across phase space without altering its invariant content.

This is the quantum counterpart of symplectic evolution. In classical mechanics, Hamiltonian flow
preserves phase-space measure through symplectic symmetry; trajectories evolve, yet the underlying
geometric structure governing admissible motion remains invariant. Quantum mechanics recasts this
same principle within Hilbert space. Here, evolution proceeds through unitary transformations, which
preserve the Hilbert-space norm, inner products, and the probabilistic structure of the wavefunction.
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In both frameworks, lawful evolution is therefore fundamentally measure-preserving: configurations
continuously change, while the invariant relational structure governing those configurations remains
conserved. What differs is not the principle, but the mathematical realization of symmetry. Classical
mechanics preserves the symplectic geometry of phase space; quantum mechanics preserves the
unitary geometry of Hilbert space. Symmetry is thus no longer merely a static property of a system,
but the structural condition that constrains how lawful evolution may proceed.

Under this view, conservation is not imposed externally as an independent rule. It emerges directly
from the invariance of the evolution itself. In classical systems, conservation follows from symplectic
invariance and Hamiltonian flow. In quantum systems, it follows from unitary evolution and the
preservation of coherent relational structure under transformation. The wavefunction may evolve
continuously, interference patterns may redistribute amplitudes, and observables may change, yet
the invariant structure governing admissible evolution remains preserved throughout the
transformation.

This reframes symmetry at a deeper level. Symmetry is not the absence of change, but the
preservation of lawful structure through change. Evolution becomes the continuous redistribution of
configuration under invariant constraint, where what persists is the conserved relational architecture
carried through transformation.

This is precisely the structural feature UTT invokes. Gravitational indexing fixes the admissible
spectral measure at formation, and subsequent evolution transports that measure without redefining
it. As unitary dynamics preserves (¥ | W) while redistributing amplitudes and phases, UTT posits that
evolution preserves the Jacobian-defined spectral measure while reparameterizing its distribution
across accessible phase configurations. The correspondence is not merely illustrative: it is the same
constraint in a different representation—invariants persist; configurations evolve.

The relevance of this framework within UTT is therefore immediate and necessary. UTT seeks to
account for gravitational redshift and the emergence of observable temporal structure without
invoking energy loss, oscillator retuning, or modification of the underlying Hamiltonian. To do so, it
must identify a transformation that redistributes observable quantities while preserving the invariant
content of the quantum state.

Symplectic symmetry provides precisely this structure. In systems governed by conjugate variables,
transformations that preserve the underlying invariant—whether phase-space measure in classical
mechanics or norm in quantum mechanics—operate through coordinated rescaling of paired
quantities. UTT expresses this principle in the frequency—wavelength domain, where gravitational
influence induces a conjugate redistribution: frequency contracts while wavelength expands in exact
compensation, preserving the invariant wave relation.
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In this sense, the block-shift transformation is a symmetry-preserving re-expression of the underlying
invariant structure: observable quantities are rescaled at the local level, while the global relations
governing the system remain conserved.

Under gravitational constraint, UTT interprets redshift as a canonical rescaling of conjugate spectral
variables. Frequency and wavelength form a conjugate pair whose transformation must preserve
both the invariant propagation relation and the global spectral norm: f' =f- e%, A’ =A-e %, c=f{"
-A'. Here, frequency and wavelength function as conjugate variables: as one contracts under
gravitational constraint, the other expands in reciprocal compensation. The transformation
redistributes the representation of the wave without altering its global structure.

In this sense, the UTT block-shift is directly analogous to a symplectic transformation. It preserves
the underlying wave relation while modifying how that relation is expressed in observable channels.
As in Hamiltonian and quantum evolution, conservation is not imposed externally; it follows from the
symmetry of the transformation itself.

The inclusion of symplectic structure within UTT is therefore a consistency requirement. Any viable
account of gravitational influence on quantum systems must preserve the invariant norm while
allowing observable quantities to shift. Symplectic transformations provide the mathematical
language in which this is possible.

Seen in this light, gravitational redshift is a primary symmetry operation on spectral phase space. It
preserves the invariant structure of the global wavefunction while redistributing how that structure is
locally resolved. The familiarity of this structure—rooted in Hamiltonian mechanics and reflected in
the norm-preserving character of the Schrodinger equation, anchors the UTT framework within the
established foundations of physics while extending those foundations to account for gravitationally
conditioned observability.

The parameter a, acts as the generator of this dilation, indexing how spectral phase support is

redistributed between conjugate coordinates. Gravitational potential therefore does not modify the
internal dynamics of the wavefunction; it rescales the coordinate system under which phase is
resolved.

Crucially, this transformation preserves the invariant measure. Under the change of variables f - ' =
f, - e%e, the spectral density transforms according to the inverse Jacobian: S'(f") = a%g S (efT'g),
ensuring that: [ S'(f") df’ = [ S(f) df. The spectral norm is therefore conserved exactly. What changes
is the indexing of spectral support across conjugate variables.

This establishes gravitational redshift as a structure-preserving transformation. The apparent
reduction in frequency is not an energetic deficit, but the observable imprint of a Jacobian-consistent
redistribution of spectral support. Because frequency and wavelength are conjugate coordinates, a
dilation of one necessarily induces a reciprocal dilation of the other. The transformation is therefore
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mathematically constrained: it must preserve both the invariant product f-A and the underlying
spectral measure.

The significance of this interpretation is foundational. General Relativity and quantum mechanics both
derive conservation from symmetry—geometric invariance in spacetime, and unitary invariance in
Hilbert space. These are distinct realizations of a deeper principle: physical laws preserve structure
under admissible transformations. The UTT formulation makes this connection explicit. Gravitational
potential defines the admissibility conditions under which phase is indexed, while unitary evolution
preserves the continuity of that phase. The resulting spectral transformation is therefore inherently
symmetry-preserving.

This yields a notable structural economy. The exponential scaling of frequency, the reciprocal
expansion of wavelength, and the preservation of ¢ = f-A follow directly from interpreting
gravitational potential as a constraint on phase accessibility. No additional dynamical terms,
compensating mechanisms, or auxiliary constructs are required. The same transformation that
produces redshift simultaneously preserves unitarity, spectral measure, and conservation across
conjugate observables.

UTT Theorem: The Bounded Genesis and Terminus of Time

Within UTT, time emerges only within a finite coherence domain defined by gravitational constraint,
-GM
Rc? *
becomes locally stabilizable under gravitational indexing. The physical basis of time—stable oscillatory
systems—forms only when gravitational potential both differentiates spectral phase support and
preserves unitary evolution, allowing phase to accumulate in a manner that is both resolvable and

recordable.

parameterized by: a = Temporal succession arises only where wavefunction phase evolution

This immediately imposes a bounded domain. Time is not universally available; it exists only within a
coherence bandwidth where oscillatory structure can be sustained.

At the upper boundary, the system approaches coherence saturation. When a = 0, and therefore

e“s = 1, the wavefunction retains maximal undifferentiated coherence support. Spectral phase
remains fully distributed across conjugate coordinates with no gravitational constraint to differentiate
or localize phase evolution. Although phase evolves globally, no subset of that evolution can be
isolated into persistent, indexable oscillations. Without selective stabilization, no physical clock can
form. Temporal structure is therefore absent—not because dynamics cease, but because no ordered
sequence can be extracted from fully symmetric saturated coherence.

At the lower boundary, the system approaches the coherence suppression limit. As « —» —%;, and
e“s — 0, gravitational constraint progressively eliminates access to oscillatory phase bandwidth.
Spectral support is driven into the conjugate wavelength channel, while the frequency component
required for sustained phase accumulation is suppressed. As the capacity for resolvable phase
evolution collapses, oscillatory systems can no longer be maintained. The physical basis for clocks
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disappears. Temporal succession cannot be constructed because no stable phase reference remains
to encode it.

Finite Domain of Temporal Emergence: between these limits lies the only domain in which time can
exist: 0<e’®t<1 & —% < a < 0. Time does not emerge in the limits of unconstrained coherence

nor from total suppression, but from a narrow intermediate domain in which gravitational constraint
is sufficient to differentiate phase, yet not so strong as to destroy its stability. Within this band,
oscillatory systems become physically realizable, phase becomes locally indexable, and ordered
succession becomes measurable.

Time in UTT is therefore not a background parameter or universal flow. It is a bounded physical
condition: the emergent consequence of coherence being selectively constrained, locally stabilized,
and operationally indexed. Where coherence is fully symmetric, time cannot form. Where coherence
is fully suppressed, time cannot persist. Only within the finite regime between these limits does
temporal structure become physically expressible.

Time exists only within the narrow band where coherence is neither fully unconstrained nor fully
suppressed, but precisely structured enough to become observable.

Beyond the Lower Coherence Boundary: The Terminus Limit
At the lower coherence boundary, the retention factor collapses: e*s — 0. At this limit, gravitational

coherence suppression is complete. The wavefunction retains global support, but no finite band of
phase can stabilize into frequency-bearing oscillation. The consequence is precise and unavoidable:
resolvable frequency support vanishes.

This is a structural failure. Frequency is not an independent observable—it is the stabilized,
repeatable indexing of phase. When the coherence bandwidth required for that stabilization collapses
to zero, oscillation itself ceases to be physically realizable. Without oscillation, there is no clock
structure; without clock structure, there is no operational time.

Formally, this limit follows directly from the GCSL gravitational indexing relations:

a= —% and ag =%In(1+ 2a)

Such that As:

a—>—§ = 1+2a-0

0, > —00 = e% >0

g

This is a hard limit, not an approximation. The coherence retention map collapses identically at this
boundary.
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The Coherence-Saturated Limit
A subtle but decisive inversion appears in the coherence-saturated limit, clarifying the structural

origin of time within UTT. In the absence of gravitational constraint, the wavefunction retains its full
spectral potential but remains undifferentiated. In this idealized domain: ® =0, = 0,e% =1, no
gradient exists to enforce redistribution of spectral phase support. Coherence is unrestricted,
superposition remains fully accessible, and no asymmetry compels the selection of an oscillatory
channel.

This is not a regime of maximal time, but a pre-temporal state in which time is uninstantiated—
present only as latent phase potential within the wavefunction’s global superposition.

From the standpoint of General Relativity, such a domain could be interpreted as one in which proper
time flows without obstruction. From the standpoint of quantum theory, it corresponds to perfectly
coherent evolution. A reference frequency f, may be formally defined as a baseline. Yet this reveals a
structural limitation: although f,, exists in principle, no mechanism compels its stabilization into a
measurable oscillation. Frequency is not realized as a cycle unless phase is directionally constrained.
In the absence of such constraint, no finite oscillatory channel forms, and no causality yet introduces
an effect.

The inversion is therefore precise: the state that would define pure time—or the universal frequency
reference—is itself a state in which frequency cannot be operationally expressed.

In this limit, f, does not represent a realized oscillation, but the global phase support of the
wavefunction in Hilbert space—a fully distributed amplitude structure spanning all admissible
configurations. It is the maximal, undifferentiated frequency potential of the system, present
everywhere in superposition, yet nowhere resolved into a measurable cycle.

The wavefunction contains its full phase structure, but none of it is compelled to reorganize into

stabilized oscillatory channels. The reference frequency remains fully present within superposition,
but only as latent global support—unresolved, unselected, and unmeasurable. Without asymmetry,
no finite bandwidth is isolated, no oscillatory channel is stabilized, and no direction can be formed.

Equivalence with the Schwarzschild Horizon
A striking equivalence emerges at the lower coherence boundary: this limit coincides exactly with the

Schwarzschild radius. In General Relativity, this boundary appears geometrically as an event horizon.
Within UTT, it appears spectrally—as the point at which coherence bandwidth collapses to zero.
These are complementary descriptions. GR identifies the location of the limit; UTT identifies the
physical condition realized there.

At the Schwarzschild radius, the bandwidth required for frequency-bearing phase stabilization
vanishes. UTT does not posit the disappearance of the wavefunction itself. What is eliminated is the
subset of admissible configurations within the wavefunction’s superpositional manifold that are
capable of sustaining stable, recordable phase relationships. The global quantum state persists in full,
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but the local gravitational condition removes access to those configurations that can support
oscillatory structure.

This limit becomes precise when examined through the behavior of spectral variables under
gravitational constraint. As the coherence suppression parameter approaches its limiting value, the
admissible frequency band contracts continuously toward zero, while the conjugate wavelength
expands without bound. The invariant propagation relation ¢ = f- A remains strictly preserved
throughout. No conservation law is violated.

This redistribution, however, is not unconstrained. The wavefunction admits only a finite subset of
configurations capable of sustaining phase-continuous, record-forming structure. As the frequency
band narrows, this subset is progressively reduced. The system approaches a well-defined limit in
which no finite spectral interval remains over which phase can stabilize into a repeatable oscillation.
The transformation terminates at the exhaustion of oscillatory capacity under gravitational constraint.

At this boundary, the controlling quantity is coherence bandwidth itself. When this bandwidth
vanishes, the oscillatory structure required for the stable transfer of phase information is no longer
physically realizable. Record formation—defined as the persistence of phase-correlated structure
across successive cycles fails at its root.

Without oscillation, no cycles can accumulate. Without cycles, no ordered succession can be defined.
Time does not gradually diminish; it fails to emerge because the physical mechanism required for its
construction—stable phase recurrence can no longer be realized.

This reveals a deeper dependency underlying both invariant structure and the action principle. In
quantum theory, phase evolution is governed by the action through the relation ¢ = S/h, linking
accumulated phase directly to the dynamical structure of the system. However, for this phase
evolution to have physical meaning, it must be locally stabilizable into a frequency-bearing signal.

Observability therefore imposes a constraint: phase must be expressible as a stable, recurrent
structure in order to be measured. Frequency and wavelength are not independent entities; they are
conjugate parameterizations of a singular stabilized phase. Clock structure arises only when such
stabilization is possible, and time appears only as the measurable succession of these stabilized
phase cycles.

The boundary defined by the Schwarzschild radius is therefore a completion condition. What ceases
is the possibility of observable structure. UTT does not speculate on hidden dynamics beyond this
boundary; it identifies the precise condition under which the physical preconditions for time are no
longer satisfied. In this sense, the Schwarzschild radius is the terminus of coherence—the point at
which phase can no longer become time.
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The Genesis Limit and the Origin of Time's Directionality
At the upper coherence boundary, the retention factor reaches unity: e*s = 1. Coherence is fully

saturated. The wavefunction evolves with unrestricted access to its superpositional structure, and no
gravitational constraint compels phase stabilization. Frequency-bearing channels are not
differentiated, and temporal ordering is not enforced. Time remains latent—encoded as phase
potential within superposition.

w2 % = %2In(1+ 20), such
thata - 0= oz > 0 = e% — 1. At this boundary, spectral phase support remains fully accessible.
No redistribution is required, and no finite frequency band is compelled to stabilize.

This limit follows directly from the gravitational indexing relations: o =

What appears, at first glance, to be the most permissive regime for time is, within UTT, precisely the
opposite. In the absence of gravitational asymmetry, the wavefunction is not compelled to resolve its
superpositional freedom into a differentially accessible set of stabilizable configurations. Phase
evolves globally, but symmetrically—without preference, without constraint, and without any
stabilizability weighting imposed across the amplitude structure.

In this regime, the ability of amplitudes to resolve into physical structure is uniform. No configuration
is privileged in its capacity to stabilize, and no subset is selected for realization. And without such
constraint-induced differentiation, there is only potential—no “before,” no “after.” Temporal ordering
does not fail; it never arises.

The decisive condition is not the presence of phase, but the absence of causal asymmetry capable of
inducing differential accessibility in the stabilizability of configurations. Phase alone is insufficient. It
must be constraint-weighted such that only a viable subset of configurations can stabilize into
frequency-bearing, oscillatory structure. In the absence of this asymmetry, the wavefunction remains
fully expressive but operationally inert.

In the coherence-saturated limit (& = 0), no such differential accessibility exists. The wavefunction
retains unrestricted access to its full manifold, and no constraint-induced weighting of realizable
states is introduced. All configurations remain equally supported within the global amplitude
structure, and no mechanism exists to privilege one realization over another.

Phase remains fully present, but structurally indifferent—unselected, unorganized, and uncommitted
to any particular configuration. Without asymmetry, there is no differential accessibility; without
differential accessibility, no stabilizability weighting; without stabilizability weighting, no distinct
oscillation; and without distinct oscillation, no global differentiation across gravitational frames.

By contrast, in any physical regime where ® < 0, gravitational constraint introduces asymmetry into
the accessible phase space. This asymmetry imposes a gradient over the phase manifold—a slope
that breaks symmetry, orders accessibility and selects a subset of configurations capable of stabilizing
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into measurable frequency-bearing structure. Time does not emerge from phase alone, but from
phase under slope.

Without this gradient, no preferential pathway exists through configuration space. No configuration is
distinguished as preceding another. Phase may be locally defined, but it is not directionally organized
into a stable record forming configuration. Global time requires not merely phase structure, but
directionally ordered phase structure into differentiated phase histories made relatable across
potential frames.

This reveals the origin of time’s arrow. Directionality is not an added principle, nor an emergent
statistical tendency imposed after the fact. It is a direct consequence of the fact that the universe
does not occupy the symmetric limit ® = 0, but exists universally within ® < 0, however slight. This
condition introduces a persistent structural asymmetry into the accessible phase manifold, imposing a
directional bias on stabilization itself.

The coherence-saturated limit is therefore not a physical state but an idealized reference, analogous
to the distant-observer baseline in General Relativity dt. It defines the unsuppressed frequency f,,
but it is not realized in nature. The universe operates within a coherence-constrained regime where
asymmetry is intrinsic and unavoidable.

Once gravitational constraint is present, spectral support is redistributed across conjugate variables,
stabilizing a finite frequency bandwidth capable of sustaining oscillatory phase accumulation. Only
within this constrained regime can cycles form, ordering be defined, and temporal succession become
observable.

The arrow of time is therefore not imposed on dynamics—it is the structural consequence of
asymmetry in phase accessibility. The wavefunction does not realize perfect symmetry, and where
symmetry is broken, directionality follows necessarily.

Thus, a = 0 marks the genesis boundary of time. At this limit, coherence is fully accessible and
undifferentiated, and no mechanism exists to compel directional stabilization. Phase is present, but
no gradient exists across its manifold, and no ordered sequence can be defined. Time does not
precede the physical structures that define it. Its one-way character emerges only when asymmetry
imposes direction—when the wavefunction is no longer free to remain indifferent, and must instead
resolve into an ordered, stabilizable form.

Time Showing its Arrow
A crucial conceptual point follows: no meaningful definition of time exists in the absence of physical

structure. This position is not unique to UTT, but is supported across multiple foundational
frameworks in modern physics.

In General Relativity, the line element: ds* = g,,dx"dx", defines spacetime geometry. For timelike

paths, this yields: dt? = —d—szz. This relation defines a geometric invariant along a worldline and
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assigns a quantitative parameter to spacetime intervals. However, this quantity is not, by itself, an
observable or operational measure of time. It specifies a parameter, but not its realization.

Proper time becomes physically meaningful only when instantiated by a system capable of converting
this parameter into countable events. In practice, such registration is performed by clocks. All
clocks—atomic transitions, optical oscillators, molecular modes, or decay processes share a common
structure: they convert continuous evolution into discrete, repeatable events. What is counted is not
time itself, but the recurrence of a physical process.

This point is decisive: the invariant dt? carries no physical definition until it is realized through phase.
Time emerges only when this parameter is instantiated by a physical process capable of registering
ordered succession. The question is therefore sharpened: what physical quantity enables such
recurrence?

At the quantum level, the answer becomes explicit. The evolution of a system is governed by phase:

Y~ e"%Et, and along a worldline this evolution is indexed by proper time: ¥ ~ e RET, Through the
action principle, proper time enters as the parameter along which action accumulates: S = —mc? [ dr,

and phase follows as its exponential encoding: ¥ ~ e, Proper time therefore indexes the
accumulation of action, and through it, the evolution of phase. Geometry, dynamics, and quantum
evolution are thus linked in a single chain: T - S — phase.

This identifies phase as the uniquely qualified physical process that gives dt operational meaning. It
alone satisfies the requirements for temporal encoding: it evolves continuously, accumulates
additively through the action, remains invariant under coordinate transformation, and persists under
unitary dynamics. Geometry provides the interval, dynamics provides the action, but phase carries
the record of evolution in a form that can become observable.

This operational view is sharpened in modern metrology, where time is treated as a constructed
physical quantity. In the International System of Units, the second is defined by the cesium-133
hyperfine transition, corresponding to 9,192,631,770 cycles of Cs-133. This definition constructs time
as repeatable recurrence of stabilized oscillatory cycles.

A second is therefore not a pre-existing dimension through which systems evolve, but the count of
stabilized oscillations. The unit is realized by tuning physical systems to reproduce this transition with
maximal coherence and stability, ensuring that each cycle is physically indistinguishable from the
next. Time, in this framework, is operational: it exists only insofar as physical systems can sustain
repeatable, phase-coherent structure [BIPM 2019].

In quantum mechanics, this constraint becomes more explicit and more restrictive. Time does not
appear as an observable on equal footing with quantities such as position or momentum. Those
quantities are represented by operators tied to measurable structure. Time, by contrast, enters as an
external parameter indexing wavefunction evolution. As emphasized by Paul Dirac, observable
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quantities must correspond to operators associated with physically realizable measurements; time has
no such operator in standard formulations [Dirac 1958].

The Wheeler-DeWitt equation establishes the contraposition. If time is removed from the
fundamental description, what remains is only the physical systems themselves and their relational
structure. The universal wavefunction satisfies the constraint H¥ = 0, in which no external time
parameter appears. There is no independent temporal variable left to generate ordering.

Thus, if the concept of time is removed, nothing remains to replace it. Only physical systems persist,
and temporal ordering becomes possible only where those systems can sustain correlatable,
stabilizable structure. Temporal structure is not assumed; it must be constructed. As emphasized by
Bryce DeWitt and Carlo Rovelli, ordering must be recovered from correlations between physical
subsystems [DeWitt 1967; Rovelli 2004]. Time exists only insofar as one system can serve as a
reference for change in another [Page & Wootters 1983].

Taken together, these perspectives converge on a single conclusion: Time is not fundamental. It is
physically instantiated.

Every operational notion of time—whether atomic, mechanical, astronomical, or quantum—
presupposes stable, repeatable systems capable of sustaining ordered physical change. Without such
structure, there are no cycles to count, no events to order, and no succession to measure. Time is
therefore inseparable from the physical structures that instantiate it.

Seen in this light, the familiar question *"When did time begin?” must be reframed. The relevant
question is not “When did an abstract temporal parameter first appear?” but *“When did oscillatory
structure first stabilize within the evolving physical universe.” Only with the emergence of systems
capable of sustaining ordered phase evolution could time acquire operational meaning. This reveals a
deeper ordering principle: the sensation of temporal change does not precede the structures through
which change is defined. The ordered succession we call time is the observable consequence of
phase continuity resolving into repeatable oscillation.

Within the bounded-time framework, time exists only within a finite coherence domain: —% <a<o,

bounded by the conditions that make temporal structure physically possible. Within this regime,
gravitational constraint differentiates the accessible phase manifold, breaking symmetry and
delimiting a restricted subset of configurations capable of stabilizing into frequency-bearing oscillatory
structure. This symmetry breaking constitutes the origin of time’s arrow. Directionality does not arise
from entropy itself, but from the asymmetrical restriction of phase-space accessibility imposed upon
the emission system. Entropy emerges subsequently as the redistribution and preservation of these
stabilized configurations across expanding degrees of freedom, but the initial direction of temporal
ordering is established earlier as a structural consequence of constrained access to higher-order,
coherence-compatible states.
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In the absence of constraint, the wavefunction retains full access to its superpositional manifold. All
configurations remain equally admissible, and no selection principle exists to privilege one
configuration over another. Gravitational constraint alters this condition fundamentally. Through the

. -GM . . . ,
coherence suppression parameter: a = Y, and its corresponding retention factor e“s, the system’s

accessible phase space is restricted. The wavefunction no longer explores its full superpositional
bandwidth; instead, only a fractional subset of configurations remains accessible defined by the
constrained coherence manifold.

This restriction introduces asymmetry. It does not merely limit the system—it reweights the
accessible configurations within the wavefunction’s amplitude structure in Hilbert space, redistributing
support across the phase manifold. The global amplitude distribution remains preserved, but its local
accessibility is constrained. Configurations are no longer equally admissible; their capacity to resolve
into physical structure is modulated by the imposed gravitational condition. In this sense, physical
configurations are not primary—they are the realized projections of Hilbert-space amplitude structure
under constraint.

Only those configurations that retain sufficient phase support to stabilize into frequency-bearing,
oscillatory structure can persist. The emitted spectrum reflects this condition: it is fractionally
expressed carrying the imprint of constrained phase accessibility and selective amplitude support.
What appears in physical space is therefore not the full global amplitude distribution, but the filtered
manifestation of those configurations permitted to resolve and stabilize within the accessible
subspace.

With this selection comes structure. Phase evolution is no longer indifferent across the global
manifold, but proceeds along a constrained landscape that defines which configurations can be
stabilized and recurrently expressed. This induces an effective gradient of accessibility: a structured
variation in the capacity of phase to resolve, stabilize, and recur.

Oscillation emerges only within this restricted channel. Once established, phase accumulates through
successive cycles, each contingent on the stability of the preceding one. The continuity required for
recurrence enforces a dependency between cycles: each instance of oscillation inherits its structure
from prior phase accumulation.

This dependency introduces ordering. The sequence is not imposed externally, but arises from the
requirement that phase be continuously stabilized to remain observable. The resulting succession is
intrinsically directional: phase can accumulate forward through stable recurrence, but previously
stabilized configurations cannot be reconstructed once their information has been incorporated into
subsequent states.

The asymmetry is not encoded in the reversibility of the equations, since the formalism itself admits
bidirectional transformations under equality. It emerges instead from the physical realization of
stable, repeatable accumulation under the conditions required for record-forming evolution. Record-
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bearing stabilization permits the accumulation and persistence of structured phase relations, but does
not permit their coherent unwinding and reconstruction into prior undifferentiated phase accessibility.

One cannot coherently construct a model in which evolution proceeds in reverse from stable, record-
forming states while simultaneously erasing the very succession of prior states required to establish
those records. Record-bearing structure presupposes persistence: each stabilized configuration
inherits from preceding configurations and carries their relational imprint forward. A reversal process
that progressively annihilates the prior states from which those records were formed would therefore
undermine the informational and structural basis required for the reversal itself. The system would be
forced to erase the conditions that make its own ordered evolution definable.

In this sense, stable record formation is intrinsically accumulative. Once coherence has stabilized into
persistent structure and become distributed across interacting degrees of freedom, the resulting
history cannot undergo coherent rollback without destroying the relational architecture that encodes
it. The equations may remain formally reversible, but physically limited record-bearing evolution does
not admit the successive unwinding of accumulated structure back into undifferentiated accessibility
while preserving continuity of the process itself.

Temporal asymmetry therefore does not arise from a failure of formal reversibility, but from the
physical inadmissibility of coherent record erasure as a lawful mode of persistent evolution.

The consequence is decisive: causality and temporal beginnings do not arise independently, but
emerge together from the same physical condition—the asymmetrical restriction of accessible Hilbert-
space support. A “beginning” is the first physically admissible classical stabilization of amplitude
structure under constraint. Prior to asymmetry, all configurations remain equally accessible and no
state is distinguished as initial. Nothing selects, orders, or privileges one configuration over another.
With the introduction of asymmetrical constraint, however, accessibility becomes differentiated. A
restricted subset of configurations becomes capable of stabilization into frequency-bearing structure,
and for the first time, ordered succession becomes physically realizable. Instantiation and causality
therefore emerge simultaneously: the moment a configuration becomes stably admissible, temporal
ordering becomes possible.

Time’s arrow follows directly from this condition. It is not imposed externally, nor does it originate
statistically from entropy alone. Rather, it emerges as a structural consequence of how physical
systems are permitted to access, stabilize, and propagate phase under asymmetrical constraint.
Stabilized phase can persist, accumulate, and be inherited across interacting systems, giving rise to
coherent records and ordered histories. But once this stabilized structure is dispersed across
expanding degrees of freedom, it cannot undergo coherent rollback into its prior undifferentiated
accessibility while preserving the continuity of the process itself. The equations remain formally
reversible; the physically admissible realization of stable record-bearing evolution does not.

137



In this sense, the arrow of time is neither fundamental nor emergent from probability alone. It is the
inevitable consequence of constrained phase accessibility becoming stabilized into persistent
structure. Time acquires direction because the universe only admits progressive accumulation of
coherent record-bearing states, but not their successive unwinding back into pre-instantiated
accessibility.

Entropy enters only afterward. It reflects the redistribution of coherence across accessible degrees of
freedom as stabilized structure interacts, propagates, and disperses. Entropy does not generate
temporal directionality; it preserves and amplifies the direction already established by asymmetrical
phase accessibility. Thermodynamic irreversibility is therefore not the origin of time’s arrow, but its
macroscopic consolidation into persistent, record-bearing structure.

The familiar arrow of entropy growth is thus the visible thermodynamic shadow of a deeper ordering
principle: structure must first stabilize within a constrained subdomain of accessible Hilbert-space
support before it can disperse across expanding degrees of freedom. Temporal directionality is not
imposed externally upon the system, nor statistically extracted from equilibrium behavior alone. It
emerges inevitably from the way global amplitude structure is locally filtered under asymmetrical
constraint resolved into admissible configurations, and stabilized into frequency-bearing evolution
within a finite coherence landscape.

This reveals the explanatory power of a phase-first ontology. Once phase is treated as primary, the
architecture of the problem reorganizes itself. Hilbert space no longer serves merely as an abstract
mathematical arena, gravitational constraint no longer acts merely as geometric curvature, and time
no longer appears as a primitive parameter through which evolution is indexed. Instead, they
become successive expressions of a single underlying process: global amplitude accessibility, local
constraint-induced selection, and the ordered stabilization of phase into persistent structure.

What previously appeared as disconnected domains—quantum potential, relativistic geometry,
thermodynamic irreversibility, and temporal ordering—resolve into a continuous explanatory bridge.
Causality, temporal succession, and entropy emerge together from the constrained accessibility of
amplitude under asymmetrical conditions. The invariant interval acquires operational meaning only
through phase realization; structure emerges through stabilization; and time appears only as the
ordered recurrence and inheritance of stabilized configurations across interacting systems.

Nothing further needs to be imposed. The existence of beginnings, the emergence of causality, and
the arrow of time all follow from a single physical condition: asymmetrical accessibility within the
phase manifold. In this view, time is not a pre-existing background through which the universe
evolves. It is the observable consequence of phase becoming structured under constraint—the
progressive resolution of amplitude into coherent, record-bearing order.
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UTT’s Ontological Commitments
Ontology defines the fundamental ingredients of a theoretical framework and the structural

relationships that generate observable phenomena. In doing so, it establishes the causal hierarchy of
the theory and clarifies which features are primitive and which are derived. This distinction is
essential because UTT did not begin from a theory of structures seeking a lawful mechanism of
evolution. Instead, UTT began from a lawful mechanism of evolution and followed the ontological
implications of that mechanism to determine what physical structures are permitted to exist within
the commitments of the theory and the constraints of physical law in order for that mechanism to
operate consistently.

In this sense, the ontology of UTT is not imposed by definition or assumption. Rather, it is revealed
through progressively deeper interrogation of observation, interpreted within the constraints of
natural law and the theory’s own commitments. By applying the Gravitational Coherence Suppression
Law consistently, the internal requirements for dynamical consistency become visible from within the
system itself. The resulting structure was therefore not designed in advance, but uncovered: a
pathway that progressively led to an ontology that appears almost inevitable as though the theory
were discovering the very structure required for its own lawful operation.

A well-defined ontology removes ambiguity about what a theory claims actually exists, how
observable phenomena arise from those underlying elements, and how the theory must be
conceptually explained if its internal logic is to remain coherent. In its strict physical sense, ontology
declares the basic entities a theory takes to be real and specifies the lawful relationships that
organize them into observable structure. In this sense, ontology does not merely describe what exists
within a system; it determines how the theory itself becomes conceptually accessible through
relational explanation. It specifies not only the fundamental entities, but also the relational
architecture through which causality, observable structure, and explanatory coherence emerge.

Within UTT these primitives are minimal: the gravitational coherence constraint and the spectral
phase structure of the wavefunction. In minimal form, this relationship is captured by UTT’s axiom for
emergent time: wavefunction + ® = time.

When UTT applies it commitments consistently without exception, a minimal and self-consistent
ontology emerges. Three primitives are sufficient, yet non-negotiable. First, the wavefunction exists
as a conserved physical substrate of spectral phase structure. Its total norm, probability content, and
spectral energy accounting must remain invariant under all admissible evolution.

Second, gravity exists as an external constraint on internal accessibility to phase configurations. It
therefore acts continuously and locally on phase accessibility within an emission system without
modifying the unitary propagation or alter the total spectral content of the system. Its action must
therefore be regulatory rather than additive.
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Third, coherence exists as the mediating structure between timeless quantum superposition and the
decohered phase evolution that characterizes classical observables. Any gravitational influence on
dynamics must therefore appear as partitioning accessibility within a conserved structure—regulating
which portions of spectral phase support remain dynamically available for stabilization into observable
oscillatory channels.

Given these commitments, the action of gravity cannot be additive, linear, or externally imposed
upon the wavefunction. A constraint acting upon a conserved substrate must regulate the fraction of
that substrate that remains accessible rather than altering its absolute magnitude. Ontologically,
suppression must therefore be proportional to its global state, not to an external scale or fixed
decrement.

Linear or polynomial laws fail this requirement. They introduce scale dependence, violate
conservation under iteration, or fail to compose consistently across varying gravitational conditions.
Only an exponential form satisfies these constraints simultaneously.

An exponential law is the only functional form that satisfies these ontological constraints
simultaneously.

e It preserves total content by construction, allowing the system to partition cleanly into
complementary configurations whose sum remains invariant.

e It enforces proportional suppression, ensuring that each incremental application of gravitational
constraint acts on the remaining fractional structure rather than on an absolute reference.

e It remains stable under composition, meaning that successive applications of the same constraint
commute and accumulate lawfully—an essential requirement for any physical process acting
continuously across space or gravitational potential.

e It preserves unitarity by regulating accessibility of spectral phase support rather than modifying
the underlying evolution itself.

Given these commitments, the action of gravitational constraint must regulate accessibility rather
than alter the conserved magnitude of the wavefunction itself. Gravity therefore does not subtract
spectral content from the wavefunction, nor does it impose an external deformation upon its
evolution. Instead, it continuously reorganizes which portions of the conserved spectral phase
structure remain dynamically accessible. The wavefunction persists as a conserved substrate; what
changes is the fraction of that substrate that can participate in emergent oscillatory structure.

Ontology and the Exponential Law
The exponential law, e=*t, appears throughout physics as a structural inevitability. It arises whenever

the rate of change of a quantity is proportional to the quantity itself. This condition is not tied to any
particular system; it governs radioactive decay, thermal relaxation, optical attenuation, and the full
class of first-order linear processes. Its ubiquity reflects a deeper principle: when constraint acts
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proportionally on what remains, evolution accumulates multiplicatively. Under these conditions, the
exponential form is not a mathematical convenience—it is the only consistent outcome.

Within UTT, this principle is elevated from observation to ontology. The wavefunction is treated as a
conserved substrate whose total spectral content must remain invariant under all admissible
evolution. Gravitational potential, as an external constraint, cannot alter this total. Its role is not to
add, subtract, or deform the wavefunction, but to regulate which portion of its spectral phase
structure remains accessible.

This requirement immediately constrains the form of the interaction. Accessibility must be defined
relative to what is conserved. What remains locally accessible must be proportional to what is globally
invariant. Within the GCSL, this proportional accessibility is expressed through the factor e, which
specifies the fraction of spectral coherence that remains available for stabilization under gravitational
constraint. Its complement, 1 — e, represents coherence redistributed into subcritical configurations
that no longer participate in stabilized oscillatory structure. Together, these complementary partitions
satisfy the conservation identity e“s + (1 — e“) = 1, expressing exact redistribution without loss.

The action of gravitational constraint is therefore neither destructive nor additive. It is redistributive.
The wavefunction persists as a conserved entity; what changes is the fraction of its spectral phase
support that remains dynamically accessible. Each incremental application of constraint acts upon the
remaining accessible portion, progressively narrowing the coherence bandwidth available for
oscillatory stabilization. The process is inherently recursive: constraint acts on what remains, and the
result of each step becomes the input for the next.

This recursive proportionality determines the functional form. Any linear or polynomial law would
violate conservation under iteration or introduce scale dependence incompatible with physical
invariance. Only the exponential satisfies all requirements simultaneously. It preserves total content
by construction, enforces proportional suppression at every step, composes lawfully under repeated
application, and respects unitary evolution by regulating accessibility rather than modifying the
underlying dynamics.

The exponential law therefore emerges as a necessary consequence of the ontology. It is the only
function capable of expressing proportional constraint acting on a conserved substrate in a manner
that remains consistent under continuous application.

Within UTT, this result carries direct physical meaning. Gravitational potential does not alter what
exists; it determines what can become observable. The exponential factor e*s encodes the fraction of
spectral phase support that remains capable of stabilizing into oscillatory structure while its
complement represents the portion redistributed beyond that threshold. The evolution of accessibility
is therefore exponential because it must be: the mathematical form reflects the only mechanism by
which coherence can be continuously constrained while total spectral content remains invariant.
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Phase Evolution is Self-dynamical
In quantum mechanics, phase is dynamical in a precise sense: the wavefunction evolves unitarily

according to : Y(t) = e'mTt Yo, with the Hamiltonian generating continuous phase evolution. Yet this
dynamical character does not imply that phase is self-originating. Phase does not autonomously
generate the conditions of its own emergence nor define the ordering principle by which its evolution
becomes physically distinguishable. Rather, phase remains fundamentally relational: it evolves under
the system’s dynamics, but the rate and structure of that evolution are determined by the governing
constraints encoded in the Hamiltonian and the conditions under which phase becomes stabilizable,
comparable, and observable.

A single evolving phase may carry frequency information, yet in isolation it lacks the comparative
relational structure required for physically accessible temporal content. Observable dynamics arise
only through relative phase relations where interference between states permits measurable
structure to emerge. The existence of phase evolution alone therefore does not solve the problem of
temporal ordering. Unitary evolution provides lawful continuity of the wavefunction, but continuity is
not yet relatable ordered succession. Temporal structure requires an additional condition: the
stabilization and comparability of evolving phase relations under asymmetrical constraint.

Within UTT, this distinction becomes foundational. Phase is primary in the sense that it carries the
dynamical structure of evolution, but it is not self-instantiating as time. Time emerges only when
evolving phase becomes constrained into stable, repeatable, record-bearing configurations capable of
persistence across interacting systems. The ordering of time is therefore not generated by phase
alone, but by the asymmetrical conditions under which phase accessibility becomes restricted,
stabilized, and inherited.

This distinction is decisive. Theoretically, phase may evolve universally—even in a coherence-
saturated regime without ever becoming directionally structured. Formal evolution alone does not
produce observable succession. Only when constraint is introduced through gravitational asymmetry
acting on the slope of the accessible phase manifold does phase acquire a gradient, selecting and
stabilizing frequency-bearing configurations. It is this imposed directionality that transforms
continuous phase evolution into ordered accumulation, allowing cycles to close, sequences to form,
and time to become observable. Time, in this sense, is not the driver of phase, but the emergent
imprint of phase constrained into directional structure.

Physicists recognize that phase plays a dual role in dynamical systems. On one hand, phase records
evolution: differences in phase encode the accumulated action of a system and determine observable
interference and oscillatory behavior. On the other hand, phase also serves as a parametrization of
that evolution, providing a continuous variable through which dynamical change can be tracked.
However, this dual role must be understood carefully. Phase does not generate its own emergence;
its evolution is governed by the Hamiltonian and is typically parameterized by time. In this sense,
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phase is both a register of dynamical history and a coordinate on the system’s evolution, but not an
independently instantiated driver of that evolution.

Frequency is the rate of phase accumulation, and clocks measure time by counting stabilized phase
cycles. The operational definition of time therefore already rests on phase. What is rarely made
explicit is this implication: if time is measured through stabilized phase cycles, then the emergence of
time must follow from the conditions under which phase evolution can resolve into observable
oscillatory structure.

Phase thus occupies a dual role. It both records the evolution of a system and provides the
continuous quantity through which that evolution is expressed. In quantum mechanics, this is

encoded in the Schrédinger equation: ih‘;—‘f = H y, where the system'’s state evolves through an

operator acting on the state itself. The evolution is therefore internally generated: the wavefunction
carries the structure through which its own phase advances.

Observable oscillation arises from the phase factor e~E%/%, whose continuous advance produces
frequency. Timekeeping systems do not measure time directly; they measure the accumulation of
phase organized into stabilized cycles. Operational time is therefore reconstructed from ordered
phase succession, not imposed as an external parameter.

This has a decisive consequence. As long as oscillatory structure remains coherent, phase
accumulation proceeds as a continuous construction of 27 radians, with each increment generated
from—and therefore dependent upon the preceding configuration. A later phase state is not
independent of earlier states; it is logically and physically contingent upon them. The system does
not merely pass through phase—it builds it sequentially with each increment inheriting the continuity
of those that came before.

This dependence establishes more than correlation; it imposes a causal ordering within the system’s
evolution. The phase at any given moment encodes the accumulated history of prior states, and no
configuration can be realized without the generative chain that produced it. The ordering is therefore
intrinsic, not imposed: it arises directly from the constructive nature of phase accumulation itself.

Phase does not simply evolve—it accumulates in a way that makes its own history indispensable. It is
this irreducible dependence of each state on its predecessors that establishes the fundamental
ordering from which temporal direction emerges.

Once oscillatory structure stabilizes, ordered accumulation acquires practical irreversibility. Phase
evolves as a continuous construction in 2 radians, with each increment representing a record
forming advancement of the system’s state along its oscillatory trajectory. Phase cycles may cease if
coherence is lost, but they do not reconstruct in reverse. When oscillation fails, phase accumulation
stops; the system does not retrace its prior sequence. The accumulated phase therefore functions as
an irreversible record of dynamical succession.
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Consider a stabilized oscillator whose phase advances through an ordered sequence of states:

by =2 P = P, & b3 — -+, where each ¢, represents a definite 2m radian increment
constructed from the continuity of the preceding state. Phase is not a static label but a cumulative
angular measure and each new increment presupposes the existence of the prior accumulation on
which it is built. The record is therefore intrinsically constructive: it exists only through the ordered
addition of phase.

A reverse-formed record would require the opposite sequence. This is not simply the cessation of
oscillation, but the active removal of accumulated radians together with the exact reconstruction of
the prior dynamical condition from which that accumulation arose. Such a process would require the
system to erase its constructed phase history while restoring each antecedent state in perfect
continuity.

Once coherence fails, however, oscillatory accumulation does not reverse; it terminates. The system
loses the capacity to generate the next ordered phase increment, but it does not acquire a
mechanism for subtracting previously constructed phase or reconstructing earlier states in reverse
succession. Structural failure is therefore not inverse generation.

Because phase is constructed incrementally in radians, and each increment depends on the continuity
of those that precede it, the accumulated phase cannot be logically produced in reverse. The record
may cease to grow, but it cannot be unwound through the same dynamical process that created it.
The directionality of phase construction therefore establishes the physical basis of irreversibility.

The asymmetry becomes even clearer if the record is distributed across coupled degrees of freedom.
Each completed cycle leaves an imprint in its environment, measurement apparatus, or interacting
substrate. To form the record in reverse would require all of these coupled traces to be
synchronously “unwritten” in exact inverse order, while restoring the oscillator to each antecedent
phase state with perfect coherence. That is not a continuation of dynamics but a total reconstruction
of previously realized conditions. The reverse sequence is therefore not a lawful extension of record
formation; it is a logically different process requiring the destruction of the very accumulation that
defines the record.

For this reason, record formation is intrinsically one-sided. Ordered phase accumulation can proceed
forward so long as oscillatory structure remains coherent. If coherence is disrupted, accumulation
stops. What cannot occur is the inverse production of the record by retracing the causal sequence
backward. The accumulated phase record thus functions as an irreversible imprint of dynamical
succession: it may cease to grow, but it cannot logically be formed in reverse.

The arrow of time follows directly from this structure. It does not arise from an external law, but
from the ordered accumulation of stabilized phase itself. Each increment of phase is generated from
the preceding configuration, so the system continuously builds its future from its present. When this
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self-generating sequence stabilizes into oscillation, it becomes observable as frequency, and its
ordered succession becomes measurable as time.

Observability as Fundamentally Relational and Comparative
A system in complete isolation possesses no operationally accessible change. Observable reality is

inherently comparative because physical observables arise only through relational differentiation
within invariant structure. This principle appears repeatedly across modern physics: quantum
mechanics, General Relativity, thermodynamics, metrology, information theory, and symmetry
breaking all derive observable structure not from absolutes, but from comparative relationships.

Observable change is therefore fundamentally relational. No isolated quantity carries physically
accessible change in itself; observability of succession emerges only through distinguishability
between states, systems, or configurations. In quantum mechanics, only relative phase differences
produce measurable effects. In General Relativity, temporal and spatial intervals acquire meaning
only through comparison between worldlines and observers. In thermodynamics, irreversible behavior
emerges through gradients and differential accessibility across states. Modern metrology likewise
accesses no absolute quantities, but only relationally defined differences referenced against invariant
standards. Information theory reinforces the same principle: information exists only where states
become distinguishable. Without differentiable structure, no information, measurement, or
observable change can arise.

The world is therefore not fundamentally accessed through absolutes, but through structured
comparison. Observable dynamics emerge only where invariant structure permits distinguishability
between configurations. Within UTT, this becomes foundational: temporal order does not arise from
isolated phase evolution alone, but from the comparative stabilization of phase relations under
asymmetrical constraint. Time becomes operationally accessible only because evolving structures can
be related, compared, and inherited across interacting systems.

Reality therefore becomes observable only where structure becomes comparatively distinguishable.

The Precision Paradox
Modern metrology has driven the definition of time to extraordinary precision advancing from

microwave cesium standards to optical lattice clocks capable of resolving frequency shifts
corresponding to altitude differences of only a few centimeters [Chou et al. 2010; Takano et al.
2016]. Each successive refinement incorporates increasingly precise corrections for velocity, altitude,
and gravitational redshift, allowing clocks to be compared with remarkable fidelity across changing
gravitational and kinematic conditions. Yet these advances illuminate only the comparative behavior
of clocks, not the physical origin of the quantity they measure.

The paradox is therefore unavoidable: our ability to measure time has advanced far more rapidly
than our understanding of what time is. Precision has improved without ontology. Modern
timekeeping can determine how long a second lasts to extraordinary accuracy, but it does not explain

how a second comes to exist as a physical phenomenon. Metrology has perfected the comparison of
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oscillators while leaving the underlying structure that permits oscillatory succession conceptually
unexamined.

In practice, the definition of the second is anchored to a stabilized oscillatory transition—currently the
hyperfine transition of cesium or the optical transitions of lattice-confined atoms. The second is
therefore operationally defined as the count of cycles of a frequency standard. Yet this definition
quietly presupposes the very structure it relies upon: the existence of stable oscillatory phase
evolution that can be counted. Increasingly refined measurements improve the stability, coherence,
and comparability of oscillatory systems, but they do not resolve the deeper ontological question of
how oscillatory phase succession becomes physically instantiated prior to its comparative observation.

Modern metrology has therefore achieved extraordinary descriptive precision while remaining largely
ontologically neutral with respect to what exists in the theory of time and how those elements are
fundamentally related. Precision metrology presupposes the existence of an already admissible
succession of stabilized phase relations capable of being compared. The performance of clocks has
improved by many orders of magnitude, yet the conceptual foundation of the quantity they measure
remains anchored in the relativistic framework established in 1915. The improvement of
comparability therefore refines the readout of oscillatory structure, but does not explain the origin of
the ordered phase accessibility upon which comparability depends.

This reveals a structural asymmetry in the development of the field. GR provides a geometrical
description of temporal intervals that has proven extraordinarily successful, and modern metrology
has refined its empirical verification to unprecedented precision. Yet the same experimental
systems—optical lattice clocks, frequency standards, and phase-coherent oscillators operate
fundamentally through the accumulation and comparison of phase. The invariant directly accessed in
measurement is not time as a primitive parameter, but phase succession stabilized into frequency.

Despite extraordinary advances in precision metrology, the ontological status of phase within the
definition of time remains largely unexamined. Modern clock systems can compare phase
accumulation across oscillatory systems with astonishing sensitivity, yet the existence of the ordered
phase succession being compared is generally taken as given rather than explained. Metrology
continues to report frequency and temporal intervals operationally, while the physical mechanism by
which those intervals become constructible—namely, the stabilization, ordering, and comparability of
phase—remains implicit within the formalism. The result is a framework in which the precision of
temporal measurement has advanced dramatically, while the underlying origin of the measured
quantity itself has not been correspondingly reformulated.

From the standpoint of General Relativity, this omission is neither accidental nor problematic.
Relativity is constructed upon the primitive assignment of proper time T as a fundamental invariant
parameter along timelike worldlines. Within that framework, clocks are assumed to realize proper
time through their oscillatory dynamics, and the formalism concerns itself with how those rates
transform under geometry. The deeper ontological question of how oscillatory phase succession
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becomes physically instantiated is therefore not independently derived, but ultimately reverts back to
the foundational assignment of the invariant interval itself: dz? = —Ciz guvdxtdx”. Proper time is

taken as fundamental, and phase evolution is understood as unfolding with respect to that invariant
parameter. The formalism therefore specifies how temporal rates scale relationally across spacetime,
while leaving the physical origin of stable, comparable phase succession embedded within the

primitive assignment of 7 itself.

GR therefore has no intrinsic requirement to derive the origin of temporal ordering from underlying
microphysical structure, because temporal parametrization is already embedded into the theory at
the foundational level. The geometry determines the scaling of rates, and clocks reveal those rates
operationally. What remains outside the formal scope of the theory is the prior question of how
stable, comparable phase succession capable of functioning as a clock becomes admissible at all.

Optical clocks placed on mountaintops tick faster than identical instruments at sea level, and GPS
satellites must continuously correct for coherence shifts induced by both altitude and orbital velocity
[Ashby 2003]. These are direct demonstrations that the very unit defining time is contingent on the
gravitational field in which it is embedded.

This dependence is the decisive clue: the more precisely time is measured, the more clearly it
becomes evident that time derives its operational meaning only through its placement within a
gravitational potential ®. General Relativity already encodes this dependence through the
Schwarzschild metric, in which the rate at which clocks accumulate proper time varies systematically
with gravitational potential. Time therefore does not exist as an independent background parameter
against which events unfold; its measurable rate is defined locally by the gravitational environment in
which oscillatory systems reside.

Yet the implication of this dependence is rarely emphasized. As precision improves, the operational
meaning of time does not become more fundamental—it becomes more evidently contingent. The
rate at which clocks tick stretches and compresses across gravitational potential, drifting with position
in the field like cosmic taffy. In pursuing ever more precise measurements of time, we do not refine
the ontology of time itself; we merely reveal with increasing clarity our dependence on the underlying
gravitational structure that regulates its expression.

Time therefore does not stand apart from gravity as an independent stage upon which physics
unfolds. Its operational meaning is granted locally and conditionally by the gravitational field that
constrains coherence and regulates the stabilization of oscillatory phase.

Each advance in precision therefore tightens the conceptual loop. Rather than uncovering a deeper
layer of temporal fundamentality, improved measurement exposes time’s derivative character. Each
leap in precision binds the very definition of time ever more securely to gravitational potential. What
stretches across gravitational potential is not time itself, but the coherence bandwidth that permits
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frequency to stabilize. Metrology does not peel away illusion to reveal time’s essence; it reveals that
time has no essence independent of the physical conditions under which it is expressed.

Each advance in precision therefore tightens the conceptual loop. Rather than uncovering a deeper
temporal substrate, improved measurement increasingly exposes time’s derivative character. The
more precisely clocks are compared across gravitational potentials, the more tightly the definition of
time becomes bound to the conditions under which oscillatory phase can stabilize.

Seen in this light, the achievements of precision metrology are not merely technical triumphs. They
are empirical signals pointing beyond measurement toward ontology. Each increase in metrological
sensitivity does not bring us closer to time’s essence; it brings us closer to recognizing that time has
no essence independent of the conditions that allow it to be expressed. Time is not being resolved
into a more fundamental quantity; it is being increasingly identified as a metrological phenomenon,
inseparable from the coherence phase structures that permits its measurement. What clocks
increasingly reveal is not time itself, but the gravitational regulation of coherence that makes time
observable. They tell us that time is not primary, not autonomous, and not universal. It is
emergent—born where gravity constrains coherence, bounded where that constraint weakens or
extinguishes, and absent where coherence remains unrestricted. What metrology measures ever
more finely is not time in isolation, but the physical conditions that allow time to appear.

We therefore end this chapter where this work began—not with measurement, but with necessity.
UTT proceeds through three linked ontological questions that precision experiments now force upon
us:

e What must gravity be doing to quantum coherence for redshift and time to exist at all?

e What physical structure within the oscillator enforces this behavior?

e And what must exist for the observed relations to hold without violating conservation, unitarity, or
empirical scaling?

UTT advances a single, coherent answer: gravity acts as a real constraint on quantum coherence;
coherence reorganizes lawfully under that constraint; and time emerges only where that
reorganization permits frequency-bearing structure to stabilize. What metrology measures ever more
finely is not a fundamental temporal dimension, but the boundary conditions under which time itself
becomes possible.

The pursuit of precision reveals that refinement does not uncover time’s fundamentality but instead
exposes its contingency—showing that time cannot be primary, for its meaning derives entirely from
gravity’s constraint. If time were to be treated as a fundamental dimension of the universe, its
definition would have to be inseparably tethered to gravity—but gravity itself already provides the
governing principle.
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Not so Radical a Proposal
Modern gravitational theory already effectively treats emitted frequency as locally defined within the

gravitational conditions of the emission regime. Under contemporary relativistic interpretation,
photons are emitted with frequencies locally realized according to the proper-time structure of the
emission frame, and the observable redshift arises relationally through comparison between emitter
and observer clocks situated at different gravitational potentials. In this sense, modern physics
already accepts that emitted excitations carry the signature of the metric conditions under which they
are formed.

UTT therefore poses a pointed question: what other frequency would an excitation be expected to
exhibit other than that permitted by the metric conditions of its emission regime? Within standard
relativistic interpretation, once an excitation is emitted from a given gravitational environment, there
is no expectation that it should realize any frequency other than the one locally admissible under the
proper-time structure of that frame. The emitted spectral structure is already understood to be
physically realized according to the gravitational conditions in which the oscillator exists.

In this sense, modern relativistic physics already implicitly accepts that emitted excitations carry the
signature of the metric conditions under which they are formed. The excitation does not emerge with
some independent “background” frequency awaiting later geometric correction; its realized oscillatory
structure is already indexed to the local gravitational regime. No alternative locally admissible
realization exists within the formalism. The observable redshift then arises relationally through
comparison between differently indexed systems across gravitational potentials.

UTT takes this principle one interpretive step further. Rather than viewing the metric solely as
governing relational comparison after emission, UTT interprets the realized spectral structure itself as
reflecting the constrained admissibility of phase under gravitational conditions at formation. The
measurable scaling law remains unchanged; what shifts is the explanatory assignment of what the
metric is physically doing.

This is why the conceptual transition UTT is proposing is not as heretical as it may initially appear. If
physics already accepts that emitted oscillatory structure is inseparable from the gravitational
conditions under which it is realized, then extending this principle toward a formation-level
interpretation of phase admissibility becomes an evolutionary refinement of the same logic. The
metric is no longer viewed merely as externally comparing clocks after emission, but as participating
in the conditions under which physically admissible oscillatory structure is realized at emission itself.

Modern relativistic physics already accepts that emitted spectral structure is locally realized according
to the metric conditions of the emission regime. An excitation emitted under a given gravitational
potential is not expected to exhibit some alternative “background” frequency independent of that
environment; the emitted frequency is already the physically admissible realization permitted by the
local metric structure. In this sense, the excitation necessarily carries the signature of the
gravitational conditions under which it was formed.
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Once this principle is accepted, the conceptual transition toward an emergent interpretation of time is
not as radical as it first appears. Extending the interpretation from geometric rate comparison to
formation-indexed phase admissibility becomes less a conceptual rupture than a natural ontological
continuation of the existing formalism. If emitted spectral structure already reflects the relational
conditions of its formation environment, then extending this logic to temporal structure itself follows
naturally. The excitation is no longer viewed merely as evolving within a pre-existing temporal
background, but as carrying within its realized phase structure the imprint of the gravitational
conditions under which oscillatory succession became physically admissible.

The implication is profound. The formalism already permits the possibility that what is fundamental is
the constrained realization of phase structure from which temporal order becomes operationally
accessible. The principal obstacle is therefore not mathematical, empirical, or structural, but
interpretive. For more than a century, relativity has been pedagogically anchored to the assumption
that proper time is primitive, encouraging temporal intuition to be treated as foundational rather than
emergent. Popular extrapolations surrounding “time travel” and the reification of time as a physically
flowing substance have further reinforced this intuition culturally and conceptually.

Yet the underlying self-closure within the formalism remains. Proper time parameterizes phase
evolution, while phase accumulation operationally defines time through oscillatory succession and
clock comparison. The structure is internally consistent and empirically complete, but the direction of
ontological dependence remains undefined. Time governs the evolution of phase, while phase-based
oscillatory processes are simultaneously required to instantiate and measure time. The explanatory
chain therefore closes upon itself: proper time defines the admissible rate of phase evolution, while
accumulated phase provides the operational basis through which proper time becomes physically
accessible.

UTT identifies this closure as an underdetermined interpretive degree of freedom within the
formalism itself. Once emitted spectral structure is already admitted to carry the signature of its
gravitational formation regime, the conceptual distinction between “time governing phase” and
“phase giving rise to time"” becomes less rigid than traditionally assumed. The mathematics remains
unchanged; what shifts is the explanatory priority assigned beneath the invariant structure.

In this sense, emergent time is introduced as a lawful interpretive continuation already latent within
the formalism. The invariant structure constrains admissible relationships while permitting multiple
ontological assignments beneath them. UTT therefore explores a degree of explanatory freedom
already permitted by its mathematical structure where temporal order is understood as the
observable consequence of constrained and stabilized phase becoming relationally accessible across
physical systems.
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Towards a Coherence Field Ontological Transformation
The novelty claimed by the UTT—specifically through the Gravitational Coherence Suppression Law—

does not arise merely from introducing a new parameter a, but from repurposing the ontological role
of that parameter. The dimensionless relations:

® _ GM

x

T "R

are already embedded within the formal structure of General Relativity. Variants of o appear
throughout the literature as convenient substitutions or compact expressions used to describe
gravitational redshift and time dilation. Within the relativistic framework, however, a functions purely
as a descriptive parameter: a bookkeeping device that facilitates comparison between clock rates
across gravitational potentials.

In GR, a possesses no dynamical agency. It neither acts upon physical systems nor regulates their
internal processes. Once spacetime curvature is specified through the metric, the parameter simply
indexes how proper times compare between observers situated at different gravitational potentials.
The role of a is therefore geometric rather than mechanistic: it expresses how clocks diverge without
addressing how the oscillatory systems that constitute clocks respond to gravitational potential. GR
successfully predicts the divergence of clock rates, but it remains intentionally silent on the internal
dynamics by which that divergence is realized in matter.

UTT introduces a decisive ontological shift. Instead of treating o as a passive geometric descriptor,
the theory interprets it as the dimensionless magnitude of local gravitational constraint acting upon
the spectral phase structure of the wavefunction. In this framework, gravitational potential does not
merely compare clock rates between frames; it regulates the accessibility of phase coherence within
oscillatory systems.

If such an interpretation had previously existed, it would appear naturally in the literature where
gravitational redshift is studied most closely—relativistic pedagogy, black-hole thermodynamics,
precision metrology, or discussions of gravitational decoherence. In those contexts, however, the
ratio ®/c? remains a parametrization rather than a physical operator. The novelty introduced by the
UTT therefore lies in assigning ontological significance to a relation that has historically been treated
as purely descriptive.

This conceptual crossroads is where UTT diverges. The parameter « is elevated from descriptive
shorthand to an organizing physical quantity that encodes the magnitude of gravitational constraint
acting upon the spectral phase structure of the wavefunction. Within this coherence-based
interpretation of gravitational redshift and oscillator behavior, the cleanest statement of what o
encodes mathematically is that it represents the dimensionless magnitude of local gravitational
potential relative to the coherence-saturated reference state ® = 0. In this formulation, a specifies
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the strength of the local gravitational constraint acting on the wavefunction’s spectral phase
structure.

The relation: :—’ = e% = +/1 + 2a thus compactly expresses the ontology of the theory. The parameter

o encodes the magnitude of local gravitational constraint, while e returns the surviving fraction of
invariant phase support that remains locally accessible for stabilization into oscillatory structure. The
observable frequency f’ is therefore the stabilized expression of that retained fraction of the global
phase whole.

The constants G and M establish the global scale of the gravitational field, but it is the radial
coordinate R that regulates how that field is locally experienced. Appearing in the denominator of the
potential, R functions as a geometric proportioning factor that distributes the influence of the mass
source across space. The key point is: G and M are global constants for a given gravitational source,
while R is the local geometric variable that sets the strength of the gravitational potential. Because R
appears in the denominator, it naturally functions as a proportioning operator: it scales the
magnitude of the potential experienced locally. Consequently, the magnitude of a—and therefore the
degree of coherence constraint encoded by e*s—is determined by position within the gravitational
gradient rather than by mass alone.

Mathematically: @ = —%, thus the gravitational potential is not simply a property of mass, but of

distance from mass. The denominator R effectively modulates the accessibility of the gravitational
influence, converting the global quantity GM into a locally experienced magnitude.

.. . . . . [0o] GM
When this is expressed in the dimensionless form used in UTT: a = == T the same structure

persists. The constants G, M, and c? define the overall scale of the system, but R remains the local

regulator. It acts as the geometric factor that proportionally distributes gravitational influence across
space.

From this perspective, the denominator R indeed functions as a proportioning factor. As R increases,
the magnitude of a decreases smoothly; as R decreases, the magnitude of a grows. The gradient of
gravitational influence is therefore encoded directly in the inverse relationship with R.

This observation aligns naturally with the UTT interpretation. If o encodes the magnitude of
gravitational constraint, then the spatial coordinate R determines how strongly that constraint is
locally expressed. The local retention factor: e*s = +/1 + 2a is therefore not merely a function of
mass, but a function of position within the gravitational field. The denominator R supplies the
geometric mechanism by which the global field of a mass source is proportionally mapped into local
constraint on phase stabilization.
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Constraints Act Proportionally on Conserved Quantities
A fundamental structural principle governs constrained physical systems: when a quantity is

conserved globally, a local constraint cannot destroy it. It can only regulate the fraction that remains
locally accessible. The most general form of this relationship is therefore multiplicative:

local quantity = global quantity x (retention factor)

This is not @ modeling choice but a necessity. A constraint acting on a conserved substrate must
operate proportionally on what remains, not through absolute subtraction. When such proportional
action is applied incrementally, the resulting evolution becomes exponential. This is why attenuation,
decay, thermal relaxation, and coherence suppression all exhibit exponential behavior: they reflect
the same underlying structure—recursive proportional constraint on a conserved quantity.

This principle reveals a deeper symmetry between geometric and coherence-based descriptions of
gravity. In General Relativity, the dimensionless parameter: a = —oM

Rc2/

expresses gravitational potential

as a local proportion of a global quantity. The global mass GM is distributed across space through the
geometric factor 1/R, yielding a location-dependent constraint. The parameter o therefore encodes
how strongly the global gravitational field is locally experienced.

Within UTT, the exponential factor: e%s, plays an analogous role at the level of spectral phase
structure. It returns the retained fraction of globally conserved phase coherence that remains locally
accessible under gravitational constraint, referenced to the unsuppressed baseline f,.

The correspondence is therefore structural:

e o maps global mass — local gravitational constraint
e ¢e% maps global phase coherence — local accessible fraction

Both quantities express a proportional reduction of accessibility relative to a global invariant. One
operates geometrically distributing gravitational influence across space; the other operates spectrally
partitioning coherence across accessible and suppressed configurations. Each formalism returns a
local fraction of a globally conserved whole.

This symmetry identifies a common mathematical structure underlying both descriptions: Constraints
acting on conserved quantities necessarily produce proportional mappings and when applied
recursively, those mappings become exponential.

Gravity therefore does not merely curve spacetime or shift frequency. It enforces a proportional
constraint on conserved structure—geometrically in GR, and spectrally in UTT revealing a shared
underlying principle that governs both domains.
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II. Methods & Theoretical Framework
UTT’s Canon Orientation
UTT is primarily oriented to keep the redshift retention factor naturally bounded 0 < e(®e*®v) < 1 with

conventional sign flips. The objective is ontological clarity: the mathematics must state plainly,
transparently and without interpretive gymnastics what gravity and motion are permitted to do to
physical systems.

The guiding principle is simple: All coherence-suppression exponents and signs arise by domain
assignment, not by ad hoc short cut trickery. The math gets thick at times and I found it best to
apply strict adherence to modern sign convention and allow the math to carry the signs.

Accordingly, UTT is organized around retention factors. What is scaled is the fraction of coherent
phase evolution that can be resolved into a frequency-bearing record by a physical system embedded
in a given gravitational or kinematic environment.

In all physically relevant gravitational regimes, the logarithms that generate dilation exponents are
negative by domain assignment. Therefore, the coherence-suppression exponents a, and o, are

negative by construction, their combined effects are additive, and the exponential sign is negative.
For redshift (retention) factor is then: R, = e(®*%) < 1, without any external minus signs. When
the signs are carried through, the relation becomes: Ry, = eC"% %) < 1

1) Gravitational Channel (static field)
GM

Define the dimensionless gravitational factor: a = —a

For all physically admissible static gravitational fields: —% < a < 0

Then for all possible values of the (1 +2a) term: 0 < (1+2a) <1 = In(1+ 2a) < 0. The
negativity of the logarithm is guaranteed by the physical domain, not imposed by convention.

Define the gravitational log-retention exponent: oz = %2 In(1 +2a) = 0z <0
The associated coherence-retention factor (governing phase-rate block scaling and record accrual) is:
Rg=e"=v1+2a = 0<Ry<1

This reproduces the Schwarzschild gravitational redshift factor exactly, while making explicit that
what is retained is accessible phase coherence, not “slower time.”

2) Kinematic Channel (Special Relativity)
Define the dimensionless velocity parameter: § = v/c

For all possible values velocity values in the range: 0 <8 < 1

Then for all possible values of the (1 —82)term: 0<1-862<1 = In(1— &%) < 0. Again,
negativity is naturally guaranteed by the domain.
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Define the kinematic log-retention exponent: o, = % In(1-82) = «a, <0
The corresponding coherence-retention factor is:
Ry=ev=vV1-82 = 0<R,<1

This is exactly the Lorentz time-dilation factor, now expressed as a coherence-retention coefficient
acting on phase evolution and record-formation capacity.

3) Combined Gravitational & Kinematic Effects
Because both suppression channels are negative by construction, they compose multiplicatively

without ambiguity:

Riot = Rg - Ry = e%8-e%v = %%
Since: ay < 0 and a, < 0, the combined exponent is automatically negative, yielding: 0 < Ryt < 1
The mathematics enforces the ontology.

Test Case 1 — Earth Weak Field (gravity only)
Step 1: Define Earth’s dimensionless potential
Using the canonical definition: « = —GM/Rc?

ag ~ —6.96 x 10710
This lies safely in the weak-field regime: —i< ag <0
2

Step 2: Compute the Schwarzschild factor: (1 + 2a) term
1+2a=1+2(-696x1071%) =1-1.392x107°

Step 3: Small-log step: In(1 + 2a)
In(1 + 2a) = In(1—1.392 x 107%) =~ —1.392 x 10~°

Step4: Define the gravitational exponent: o, ~ /2 In(1 + 2a)
ag =% (—1.392 x 107%) = —6.960 x 1071°

This is naturally negative, inherits its sign as required by the domain —% < a < 0.

Step 5: Compute the retention factor
Rg = e = e 6969X107% = 0.9999999993039999995

This satisfies: 0 < Ry; <1

The suppression factor R, is strictly less than unity, exactly as required. This confirms that UTT
reduces smoothly to GR in the weak field, while preserving sign hygiene.

155



Test Case 2 — Strong Field Near Schwarzschild Blackhole Horizon
Consider an idealized system operating arbitrarily close to the event horizon of a Schwarzschild black

hole—i.e., a non-rotating, spherically symmetric solution of the Einstein field equations. In this limit,
rotational dynamics, frame-dragging, and angular momentum are absent, isolating the purely radial
gravitational contribution. The dimensionless gravitational parameter then approaches its admissible

1
lower bound: a — - am —.499,

This construction is not intended as a physically typical system, but as a clean limiting case in which
gravitational influence is maximized while confounding dynamical effects are removed. By excluding
rotation (as would be present in a Kerr geometry), the Schwarzschild horizon provides a baseline in
which the gravitational constraint acts in its most direct and unambiguous form.

In this regime, the redshift factor v1 + 2a tends toward zero, signaling the suppression of resolvable
frequency as seen by a distant observer. The system approaches a boundary at which oscillatory
structure, while still formally present in the local frame becomes asymptotically inaccessible to
external comparison.

The Schwarzschild radius therefore serves as an idealized coherence boundary: a limit in which
gravitational constraint is taken to its extreme under the simplest possible conditions. It is precisely
this simplification—absence of rotation, symmetry of the field, and maximal curvature that allows the
underlying structure of gravitational indexing to be examined in isolation.

Very close to the limiting value: —0.5 < a < 0
At this proximity, the Schwarzschild factor becomes: 1 + 2a = 1 + 2(—0.499) = 1 — 0.999 = 0.002
Log step is strictly negative by domain: In(1 + 2a) =In(.002) = —.62146
Define the gravitational coherence suppression exponent: a, = % In(1 + 2a)
ag = % In(—.62146) = —3.1073
Compute the retention factor: Ry = e% = 7310730404 ~ 0,0447213595
Equivalently: R, = /0.002
Again the formalism behaves correctly: as a - —0.5, Ry » 0 (max coherence suppression.)

In UTT terms, the value e*s ~ 0.0447 carries direct operational meaning: only ~4.47% of the
oscillator’s global phase-coherent evolution remains expressible as classically resolvable record
formation under the local gravitational constraint near the horizon. The remaining ~95.5% of the
coherence bandwidth is rendered inaccessible to stable phase resolution and reconfigured as
wavelength. The unitary evolution persists, but its record forming channel is nearly choked.
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This limiting behavior gains additional context when quantum field effects in curved spacetime are
considered in the phenomenon of Hawking radiation. In the Schwarzschild case—retaining the
idealized, non-rotating geometry—the horizon defines a causal boundary across which field modes
become differentially accessible to distant observers. Virtual pair creation processes near the horizon
result in one mode escaping to infinity while its partner remains trapped within the gravitational well.

Extension to Virtual Hawking Pairs in UTT Ontology
Under modern quantum field theory (QFT), the vacuum is not described as empty but as the lowest-

energy state of a field—a dynamically structured background in which fluctuations and correlations
are continually present. These fluctuations are expressed mathematically as transient field
excitations. In heuristic terms, they are often described as particle—antiparticle pairs that briefly
emerge and then recombine on timescales too short to produce stable, observable states. More
precisely, these “pairs” represent correlated field configurations that do not ordinarily resolve into
persistent excitations [Unruh 1976; Wald 1994; Birrell Davies 1982].

It was Stephen Hawking who recognized that the presence of a black hole horizon fundamentally
alters these conditions. In the vicinity of the horizon, the global structure of spacetime prevents
certain correlated fluctuations from recombining. Instead, the field configuration is resolved into two
components: an outgoing excitation that can propagate to infinity, and an ingoing partner that is
absorbed by the black hole. To a distant observer, the outgoing component appears as real
radiation—now known as Hawking radiation [Hawking 1975].

Mathematically, the quantum state of the field near the horizon can be expressed as an entangled
superposition of outgoing and ingoing modes:

| W) ~ Zne—nw/TH | N)out | Nin

This form makes explicit that the radiation is not produced as independent particles, but as a
correlated two-mode state. The outgoing and ingoing components are entangled with each

occupation number n in the exterior mode paired with a corresponding interior partner.

In standard quantum field theory in curved spacetime, the particle—antiparticle pair picture associated
with Hawking radiation is understood heuristically—an intuitive representation that aids
understanding without constituting the formal theoretical description. Formally, the effect is derived
from how quantum field modes are defined and compared by different observers, leading to a
redistribution of vacuum correlations into components that are differentially accessible across the
horizon [Hawking, 1975; Birrell Davies, 1982; Wald, 1994; Unruh, 1976]. The radiation is therefore
not a localized creation event, but the observable consequence of a global mode structure partitioned
by the horizon.

This framing aligns naturally with the UTT perspective. Within UTT, the parameter: a = _

Rc?!

encodes the gravitational constraint that bounds the admissible structure of field excitations. It does
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not specify the state of the excitations themselves; rather, it defines the external gravitational
conditions under which they may resolve into externally accessible physical structure. Whether the
description is expressed in terms of fields, modes, particles, states or radiation, « fixes the
gravitational constraint on phase-space accessibility, delimiting which components of the underlying
phase-coherent dynamics can stabilize into externally comparable, record-forming observables.

In this sense, UTT situates the standard description within a deeper coherence-constraint framework.
In Hawking radiation, the horizon is not interpreted as a site of annihilation, but as a boundary of
coherence resolution. The observed partitioning of excitations across the horizon reflects a
gravitationally imposed limit on phase accessibility: components of the field become separated into
sectors that remain externally resolvable and sectors that do not.

Gravitational conditions,

GM

a=——
Rc?

do not generate particles; they determine how an underlying phase-coherent structure is partitioned
across an accessibility boundary. UTT extends this coherence-based analysis by proposing that a two-
mode entangled state emerges across the near-horizon boundary, where the outward mode realizes
a constraint condition approaching a = —0.499just outside the horizon, while its entangled inward
partner realizes a corresponding constraint condition approaching a ~ —0.499just inside the inward
horizon sector. The distinction is therefore not one of creation versus destruction, but of differential
accessibility under gravitational coherence constraint. The horizon functions as a coherence-indexing
boundary that partitions globally correlated phase structure into externally recoverable and externally
inaccessible sectors, while the underlying phase-coherent evolution remains globally conserved.

Gravitational conditions given by: a = —;—Z, do not generate particles; they determine how an

underlying phase-coherent structure is partitioned across an accessibility boundary. UTT extends this
coherence-based analysis by proposing that a two-mode entangled state is realized across the
horizon, whereby the outward mode realizes a constraint condition approaching a ~ —0.499 just
outside the horizon, while its entangled inward partner realizes a corresponding constraint condition
approaching a = —0.501, just within the inward horizon sector.

The significance of this partition is not that one excitation is “created” while the other is “destroyed,”
but that the gravitational coherence boundary separates globally correlated phase structure into
sectors of differing external accessibility. The outward mode remains marginally resolvable to
external observers, retaining a finite coherence bandwidth compatible with asymptotic propagation,
while the inward partner is driven beyond the coherence accessibility threshold, where externally
comparable phase relations can no longer stabilize into record-forming observables.

Within UTT, the horizon therefore functions as a coherence-indexing boundary condition rather than
a physical creation surface. The entangled pair reflects the partitioning of a unified phase-coherent
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structure across a gravitational accessibility limit, preserving global coherence relations even as
observational accessibility becomes asymmetrically constrained across the horizon.

Top of Form
UTT Interpretation of Hawking Radiation
Within UTT, Hawking radiation is interpreted as the conditional expression of near-horizon phase-

space constraint structure under extreme gravitational constraint. The horizon does not inject new
dynamics into otherwise unitary evolution; rather, it regulates which portions of the underlying
phase-coherent structure can stabilize into externally observable, frequency-bearing form.
Schrddinger evolution remains fully unitary throughout. What changes near the horizon is the
admissibility of its local realization into classically accessible modes. Gravitational constraint acts as a
selection condition on observability, partitioning a globally conserved emergent phase structure into
components that remain externally stabilizable and components that fall below the threshold for
classical resolution.

Within this framework, what appears in the standard semiclassical picture as the “separation” of
virtual excitations is reinterpreted as a coherence-selection process. The local horizon constraint
indexes which modes of the global phase structure remain capable of stabilization into observable
excitations, while complementary entangled modes remain coherence-suppressed beneath the
threshold of external accessibility. Emergence is therefore not fundamentally generative, but
selective: the observed Hawking radiation corresponds to the fraction of the underlying invariant
phase structure that remains admissible for external stabilization under near-horizon conditions.

Under this interpretation, the horizon does not create information ex nihilo nor destroy global
unitarity. Instead, it constrains which phase relations can resolve into persistent, externally
comparable structure. Observable radiation reflects the limited subset of coherence-compatible
modes that survive stabilization under extreme gravitational suppression, while the entangled
partner’s phase structure is suppressed beyond classical accessibility.

This behavior is most transparently expressed in the idealized Schwarzschild limit, where rotational
contributions are absent. Near the coherence boundary: a ~ —0.499, the retention factor becomes:
R, = e% ~ 0.0447, indicating that only a small fraction of the globally conserved phase-coherent
evolution remains externally accessible. Most of the phase structure remains coherence-suppressed,
driven into the wavelength channel beneath classical observability. The resulting radiation is
therefore intrinsically band-limited at formation, favoring low-frequency, long-wavelength modes,
consistent with the weak thermal character predicted in standard black-hole thermodynamics.

Technically, under UTT commitments, if one excitation stabilizes just outside the horizon, then a is >
—0.5, meaning coherence accessibility remains marginally admissible for externally resolvable
structure. If the complementary excitation is instead associated inside the limiting coherence
boundary: ais < —0.5, then its accessibility falls precisely at the threshold beyond which stable,
frequency-bearing resolution is no longer admissible within the bounded time framework.
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UTT does not claim this observation as a definitive resolution of the microphysical mechanism
underlying Hawking radiation, nor does it attempt to supersede the established semiclassical
treatment. The point is narrower and interpretive: the appearance of this threshold structure
emerges naturally within the coherence framework and appears sufficiently nontrivial to warrant
consideration. At minimum, it suggests that the near-horizon partitioning of observability may admit a
lawful interpretation in terms of constrained phase accessibility and stabilization conditions.

The value of the observation therefore does not lie in asserting exclusivity, but in revealing that the
UTT formalism reproduces a meaningful structural correspondence at the coherence boundary.
Whether this correspondence reflects a deeper physical principle remains an open question, but its
emergence within the framework is neither arbitrary nor imposed, and thus contributes constructively
to the broader discussion surrounding horizon physics, observability, and the emergence of classical
structure under extreme gravitational constraint.

Each member of the correlated mode pair inherits its spectral structure at formation. Its frequency—
wavelength configuration is indexed by the local gravitational constraint and does not dynamically
readjust during subsequent propagation. What propagates are already-constrained excitations,
carrying only the retained coherence bandwidth permitted by the local retention factor R,. Once
formed, these excitations evolve according to standard unitary propagation. The gravitational field
does not act as a dissipative medium continuously modifying the excitation along its trajectory;
rather, it defines the admissible spectral indexing conditions at formation itself.

Within this interpretation, the complementary inward component is not destroyed, nor does it
undergo nonunitary annihilation. However, if strict adherence is maintained to the bounded-time
coherence condition at the horizon threshold: « = —0.5, then the continued external evolution of that
component becomes zero within the UTT framework. The component emerging just over the
coherence boundary for stable, frequency-bearing resolution ceases to remain admissible for
externally comparable structure. The inward mode therefore does not vanish from the global phase
structure; instead, its evolution falls beyond the regime in which stabilized oscillatory succession can
remain physically expressible.

The observed thermality of Hawking radiation arises from the statistical distribution of modes that
remain accessible under near-horizon constraints. As coherence accessibility narrows, the subset of
modes capable of stabilizing into outward-propagating excitations becomes restricted. The radiation
therefore reflects the externally resolvable sector of a constrained phase structure, dominated by
low-frequency, long wavelength block-shifted components.

Test Case 3—Relativistic Velocity Dilation (kinematics only)
This test case examines velocity-induced time dilation within the UTT formalism and cross-references

it against the retention equivalence between gravitational and kinematic channels using the
Equivalence Principle. The goal is to identify the velocity at which the kinematic coherence-
suppression factor matches the previously computed strong-field gravitational factor:
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e“s = e% = 0.0447213595

From Test Case 2 (strong field) a, = %21n(0.002) ~ —3.107304049
By equivalence, we set: a, = a,

ag = % 1n(.002) ~ —3.107304049
a, = % In(1 — 6%) ~ —3.107304049
Start from the kinematic definition: —3.107304049 = % In(1 — §2)

Solving for: & = % = 0.9989994995

The equivalent speed is: : v = 0.9989994995 ¢ ~ 2.994925155 X 108 m/s
Compute the Kinematic Suppression Term Directly

First compute: 6% = (0.9989994995) ~ 0.998

Then: 1 — 8% =1 - 0.998 = 0.002

Logarithmic Step: In (1 — §%) = In (0.002) ~ —6.214608098

Velocity Coherence Exponent (UTT Definition)
By definition: a, = % In(1 — &%)

So: a, = % (—6.214608098) ~ —3.107304049
This exactly matches the gravitational value: o, = oy
ag = % In(—.62146) = —3.1073

Compute the Exponential:
R, = e% = 73107304049 + (0447213595

Result, so the implied velocity is: v ~ 0.9989994995 ¢ ~ 2.994925155 x 10% m/s

Both conditions restrict the oscillator’s accessible phase evolution to roughly 4.47% of its coherence-
saturated value, leaving the remainder redistributed through the conjugate wavelength expansion
required by the invariant propagation relation ¢ = f'-1'.

This result matches Special Relativity exactly at the level of prediction while admitting a distinct
interpretation within UTT as kinematic coherence suppression rather than geometric deformation of
time. At v = 0.9989 ¢, the coherence bandwidth available to support phase evolution is suppressed to
approximately 4.47% of its flat-space value, numerically identical to the suppression encountered at
the Schwarzschild-radius strong-field horizon limit.
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For clarity, UTT advances a coherence-based explanatory framework on the effects of gravitational
and kinematic forces, not a unification or replacement of causal forces. The geometric formulations of
General Relativity and Special Relativity remain fully intact within their established domains. UTT does
not reinterpret the underlying causal structures, but instead provides an ontological account of their
observable effects. In particular, it is fully consistent with the empirically verified relativistic
phenomenon of time dilation, while offering an alternative interpretation of its effects.

Within this framework, the effects of both gravitational and kinematic time dilation are understood as
arising from a common constraint on coherence accessibility—specifically, the restriction of phase
bandwidth available to support stable oscillator evolution. The equivalence between gravitational and
kinematic time dilation is therefore not attributed to a shared causal mechanism, but to a shared
structural effect: the reduction of accessible phase coherence under differing physical conditions.

In this sense, time dilation does not reflect a deformation of an underlying temporal dimension, but
the limited capacity of phase to stabilize into observable succession under relativistic velocity driven
constraint. UTT thus unifies the effects of relativistic phenomena at the level of coherence structure,
while leaving their causal descriptions within GR and SR unchanged.

Insights Derived from the UTT Framework
UTT highlights a set of operational outcomes that emerge when kinematic time measurements are

examined at the level of oscillator physics. Across physical, technological, and biological systems,
complex signals are reconstructed from ordered sequences of emission events generated by locally
constrained oscillators. The observable structures of time, communication, and cognition therefore
arise from the cadence and synchronization of these emission sequences within their physical
environments.

Within UTT, time measurements are operationally reconstructed from the repeated emission and
comparison of phase markers generated by oscillatory systems whose rates are determined locally by
gravitational and kinematic conditions. What is measured experimentally is not an independently
flowing temporal substance, but the relative stability, transmission, and comparability of phase-
resolved oscillatory processes across differing physical environments.

Every oscillator—whether an atomic transition, electrical resonator, or optical cavity—produces a
succession of emission events. Each emission carries the spectral structure fixed at the moment of
formation by the local physical conditions under which the oscillator operates. Once emitted, the
resulting excitation propagates unitarily with that spectral structure preserved. Observable signals,
whether photon streams, electrical waveforms, or interferometric phase cycles are therefore
sequences of locally indexed phase emissions.

Operationally, a clock functions as a repeated emission system that continually generates comparable
phase markers. Each marker records the oscillator’s phase state at the moment of emission, and
temporal measurement emerges from the ordered comparison of these recurring phase relations
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between systems. Atomic clocks, electromagnetic oscillators, and interferometric devices therefore
encode time operationally through locally conditioned phase production rather than through direct
access to a fundamental temporal dimension.

This emission-based framework also clarifies signal propagation in physical systems. In electrical
circuits, for example, a signal is not transmitted by a single electron traversing the conductor, but by
a collective electromagnetic excitation propagating through the transmission medium. When a circuit
is energized, a source—such as a battery, generator, or oscillator continuously injects energy into the
system. Each oscillatory cycle constitutes a new emission event carrying the instantaneous phase
state of the source at discharge. A communication signal is therefore most naturally understood as an
ordered series of locally generated emission events whose phase structure reflects the physical
conditions of the emitting oscillator.

This perspective is clarified by understanding how relativistic environments affect signals.
Communication between Earth and satellites succeeds because relativistic redshift and blueshift
between frames can be predicted and compensated at the oscillator level. The underlying excitations
do not dynamically retune during propagation; instead, the emission cadence of the oscillators
generating those signals differs between frames. Compensation restores coherence by adjusting the
emission rates of the participating clocks.

By contrast, systems that require tightly synchronized timing such as high-speed electronic circuits or
distributed clock networks operate within a single oscillator domain where coherence must be
preserved continuously among many coupled emitters. In these systems, the timing signal is
reconstructed from successive emissions of a shared oscillator reference. Even very small deviations
in emission cadence between oscillators lead to cumulative phase drift, loss of synchronization, and
failure of coherent signal reconstruction.

Signals must stay phase coherent. If different parts of the system experience timing offsets, even
very small differences in emission timing between oscillators lead to cumulative phase drift. As the
emission sequences diverge, phase coherence is lost and timing reconstruction fails. Systems
requiring tightly synchronized timing within a single reference domain depend on maintaining strict
phase coherence between oscillators. Loss of coherence manifests as phase drift, which degrades the
ability of the system to reconstruct a consistent timing signal.

Communication between Earth and satellites succeeds because the relativistic redshift and blueshift
that arise between reference frames can be accurately predicted and compensated at the level of the
participating oscillators in the limit of a weak gravitational field. Each frame maintains its own locally
indexed emission cadence, and synchronization is restored by applying known relativistic corrections
when signals are exchanged across the frame boundary.

The distinction is therefore fundamental: between frames, predictable differences in oscillator
emission rates can be compensated within the weak field limit between Earth and GNNS satellite
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orbit; within a frame, precise operation depends on maintaining continuous phase coherence among
oscillators sharing the same emission domain.

The essential operational principle is therefore simple: signals propagate unchanged once emitted,
but the cadence of new emissions reflects the local physical environment of the oscillator that
generates them. Each emitted excitation carries the spectral structure indexed at formation, and that
structure remains preserved during propagation.

If a circuit is carried through an accelerating relativistic transition and its timing architecture is not
prepared to compensate within the source frame, the first failure occurs at the level of the emission
cadence of its oscillators. As the frame accelerates, the kinematic coherence parameter «, varies
across the system, altering the local phase evolution rate of the participating oscillators. Successive
emission events therefore no longer occur with identical phase spacing. In differential form, the

emitted phase increments obey: %, so that variations in a, across the system translate directly into

differences in phase accumulation between oscillators.

Once these emission increments cease to remain phase-aligned, the distributed oscillators that
support the circuit’s timing domain begin to drift relative to one another. The resulting phase error
accumulates across successive emissions, producing jitter, loss of synchronization, and eventual
failure of coherent signal reconstruction. The breakdown therefore does not arise from any
modification of signals already in flight, but from the divergence of newly emitted phase markers
generated under differing relativistic conditions.

Modern electrical and optical systems depend fundamentally on repeated emission events from
stabilized oscillators—clock trees, PLL references, serializers, ADC sampling clocks, memory strobes,
and carrier signals. These systems assume that successive timing markers are generated under
uniform conditions, preserving fixed phase relationships across the network.

In an accelerating frame, however, this assumption breaks down. In standard relativistic terms, the
proper-time rate is no longer uniform across the system, so different regions do not share an
identical temporal reference. In a UTT reading, this corresponds to a spatial re-indexing of coherence
retention at the point of emission: the local conditions governing phase stabilization differ across the
frame, altering the fraction of phase-coherent evolution that can be expressed in each region. As a
result, newly emitted timing events no longer maintain a consistent phase relationship across the
system.

For circuitry not explicitly designed to compensate, the consequences are immediate and concrete. A
distributed master clock ceases to function as a perfectly common reference because the timing
events themselves are no longer uniformly indexed at emission. Receivers expecting edges at precise
intervals begin to observe phase drift and edge wander. Serializer—deserializer links lose bit
alignment. Memory interfaces fail to meet setup and hold requirements. Phase-locked loops attempt
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to track the drift, but if the re-indexing is sufficiently rapid or spatially nonuniform they slip cycles or
fall out of lock entirely.

At a deeper level, every functional element in the circuit—resistors, capacitors, transistors—depends
on coherent timing relationships to sustain stable operation. When coherence indexing varies across
the system, the circuit does not merely “run slower” or “faster”; it loses the phase continuity required
to maintain synchronized operation. The failure is therefore not simply one of delay, but of coherence

integrity.

So the failure is subtle and fundamental: newly emitted pulses are no longer launched with the same
stable phase cadence required for coherent reconstruction at the receiver. In an accelerating
relativistic frame, the principal threat to uncompensated circuitry is the loss of stable phase relation
among newly emitted timing events. Because circuit function depends on repeated oscillator
emissions maintaining a fixed relative cadence, changes in frame condition translate into cumulative
phase error and eventual loss of synchronization. The operational consequence is failure of coherent
timing reconstruction rather than attenuation of individual propagating excitations.

The same emission logic that governs clocks and communication signals also governs the physical
processes underlying neural activity. The brain does not transmit information through the motion of a
single carrier particle traveling long distances. Instead, neural signaling propagates by a cascade of
emission events distributed across networks of neurons. Each neuron integrates incoming electrical
potentials and, when a threshold is reached, emits an action potential—an electromagnetic impulse
generated by coordinated ionic currents across the cell membrane. This impulse propagates along the
axon and triggers further emission events at synaptic junctions where neurotransmitter initiates new
electrical responses in downstream neurons.

Cognitive states therefore emerge from the coordinated synchronization of these emission sequences
across neural populations. Each firing neuron encodes the phase state of its local electrochemical
oscillator at the moment of emission. The signal traveling through neural tissue is not a single
transported object, but a chain of successive emissions—action potentials and synaptic releases that
reconstruct the evolving phase relationships of the network.

This architecture closely parallels the operational structure of clocks and communication systems. In
each case, information is not carried as a continuous entity but is reconstructed from ordered
sequences of locally generated emissions. The stability of the resulting signal depends on maintaining
coherent phase relationships among the participating oscillators. In neural systems this coherence
appears as synchronized firing patterns, rhythmic oscillations, and coordinated network activity
across distributed brain regions.

From this perspective, the formation of thought can be understood as the progressive stabilization of
phase relationships across a network of biological oscillators. Each neural emission event contributes
to a dynamic chain of phase-indexed signals that propagate through the brain’s circuitry. The
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cognitive state at any moment reflects the evolving pattern of these emission sequences and their
synchronization across neural populations.

Across physical, technological, and biological systems, complex signals are not transported as
continuous entities but reconstructed from ordered sequences of emission events produced by locally
constrained oscillators. The observable structure of time, communication, and cognition therefore
arises from the cadence and synchronization of these emission sequences within their physical
environments.

Test Case 4 — Combined Gravity + Velocity (additivity check)
leta=-03 and &6=0.6

Gravity: 1 +2a=1-0.6 =0.4
ag = % In (0.4) ~ —0.4581453659

Rg = e% = v0.4 ~ 0.6324555320

Velocity: 1 —82=1-10.36 = 0.64
o, = % In (0.64) ~ —0.2231435513

R, = e® = 0.64 = 0.8

Combined: o, + a, ~ —0.6812889172
R = e%*% = Ry Ry = 0.6324555320 X 0.8 = 0.5059644256

Conceptual Payoff
The combined result R ~ 0.506 indicates that only = 50.6% of the flat-space phase-coherent

evolution remains expressible under the joint influence of gravitational potential and relative velocity
in this test case. Gravitational potential and relativistic velocity act as distinct physical conditions that
regulate the accessible bandwidth of phase-coherent evolution available to oscillatory systems.

In this sense, the physics of constrained phase accessibility generates the mathematical structure
that describes it. The suppression factors multiply naturally, the logarithmic exponents combine
linearly, and the operational behavior of oscillatory systems follows directly from the coherence
conditions under which their emission events are produced.

This test case verifies one of the most important structural claims of UTT: gravitational and kinematic
effects combine through clean exponential additivity. The corresponding suppression factors multiply
naturally, while their logarithmic generators sum linearly without the need for sign conventions or
auxiliary transformations. In this sense, the physics enforces the mathematics rather than the
mathematics being imposed by convention. The mathematics then informs the ontology by revealing
the operational principle governing the phenomenon. The ontology therefore follows the
mathematical structure dictated by the underlying coherence constraints.
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The equivalence between gravitational and kinematic time dilation therefore reflects a common
physical structure: both arise from the same coherence constraint governing the emission cadence of
oscillatory systems embedded in differing physical environments.

Cross Mapping: Check on Sign Convention and Reciprocal Relations
o« = —GM/Rc? -1/2<a<0

0= v/c 0<o<1
ag =% In(1+ 2a) <0 a, =% In(1-8%)<0

For all physically relevant regimes, both logarithmic exponents are naturally negative by domain:
og <0, and a, <0

Accordingly, redshifted coherence retention factors satisfy 0 < e < 1 without imposed sign
conventions.

e = (1+2a)"”>1 (blueshifted reciprocal comparison factor (what a less-suppressed
observer reports)

et®e = (1+20)” < 1 (given a, < 0, redshifted coherence retention factor (source-level
suppression)
etv=(1-8)"<1 (given a,, < 0, redshifted coherence retention in the moving frame)

e =(1-8)"%>1 (blueshifted reciprocal comparison made by a stationary frame)

The sign change in the exponential for redshift versus blueshift reflects only the choice of reference
perspective. All oscillators remain coherence-suppressed relative to flat space; apparent blueshift
arises solely from comparing a less-suppressed oscillator to a more-suppressed one.

Results: Algebraic Equivalence of GCSL and Relativity

2GM

Step 1 — Start from the GR Schwarzschild time-dilation factor: C;—tt’ = |1- %2

GM

Step 2 — Substitute UTT's dimensionless potential: o« = — R

Then: 1—Zlfclfz 1+ 2a

So the GR factor becomes: C;—tt’ =1+ 2a=(1+2a)/?

Step 3 — Use the log—exponential identity

A standard identity (valid for any x > 0) is: xX = ek!n®
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letx=1+2aand k=%

Then: (1+ 20()1/2 = e 72 In(1+20)

Step 4 — Identify UTT’s gravitational exponent: o, = %2 In(1 + 2a)
Therefore: (1 + 20)?/? = e

Final equivalence:

‘Z_tt: 1_2;1:[:,/14_20(: (14 20)% = e 20 (1+20) — ¢og

Domain note (sign behavior). In physically relevant regimes —% < a < 0, we have 0 < 1+ 2a < 1,
hence In(1 + 2a) < 0 and therefore a; = % In (1 + 2a) < 0. The retention factor R, = e%s is thus
automatically bounded 0 < R, < 1, giving a natural redshift-retention orientation with no ad hoc sign
conventions.

In establishing UTT’s empirical foundation, it is unnecessary to rehearse the full catalogue of
relativity’s confirmations. The decisive point is that the governing relations used by General Relativity
and Special Relativity can be written as an exact algebraic identity in UTT’s exponential form. For the
gravitational channel, the familiar Schwarzschild factor: (1 + 2a)*, is identically:

(1 + 20()1/2 = g2In(1+20) — qag

This is not an approximation and not a reinterpretation of the metric—it is a change of mathematical
representation that preserves the same invariant content.

The same structural move applies to kinematic time dilation. The Lorentz factor can be written in the
same log—exponential language, producing a velocity exponent a, = % In (1 —8§*)(with0 <8< 1 =
a, < 0) and a corresponding retention factor R, = e%v = /1 — §2. In this notation, gravitational and
kinematic effects enter as multiplicative retentions with additive exponents: Riy,: = e“s*%v. The result
is a single, clean suppression law whose outputs match the standard relativistic factors exactly.

Empirical Grounding: What Experiments Actually Give Us
Any lawful account of time must begin with measurement. Before questions of ontology can be

meaningfully posed—before time can be declared fundamental, relational, or emergent, the
evidentiary ground on which such claims rest must be made explicit. This requires clarity about what
experiments actually interrogate and what, in practice, is observed.

Precision timekeeping and interferometric experiments do not access spacetime as an abstract
manifold. They do not measure “time itself,” nor do they probe geometry directly. Instead, they
interrogate physical systems at the point of measurement. Atomic clocks, optical oscillators, and
matter-wave interferometers are accessed through quantities that are concrete, local, and
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operational: accumulated phase, coherence bandwidth, frequency reconstruction, spectral linewidth,
and record stability. These observables arise within the source system itself through internally
governed quantum evolution that preserves unitarity and conservation.

What is directly observed is phase behavior. Phase accumulates continuously within quantum
systems. Its persistence depends on coherence; its observability depends on stabilization into records
that can be counted, compared, and registered. Frequency is not carried as a primitive attribute; it is
reconstructed from accumulated phase relative to a local reference. Duration and rate are inferred
only downstream, once stabilized phase relations permit reliable comparison. At no point is time
accessed as an independent physical quantity. Every operational statement about time—its rate,
dilation, and ordering is assembled from how physical systems evolve, stabilize, and record phase
internally.

Consider this higher-order principle of time: all references to time—whether cosmological,
metrological, biological, or mechanical depend upon a repetitive, stable, and reproducible physical
process capable of serving as a metric for change. Such processes function as the yardsticks by
which the rate of physical evolution becomes observable. To measure time we require repeatability,
stability, and comparability; only then can a process serve as a reliable metric. In formal terms, a
physical system must supply a regular parameterization of change. At higher levels of description—
cosmological, metrological, or practical—time is therefore inferred from processes that provide a
repetitive, accurate, and stable reference against which change can be measured. These processes
furnish the operational yardstick by which the rate of change at which physical reality evolves
becomes observable. Time, in practice, is the metric derived from stable, repeatable physical
processes that preserve ordered phase relations.

At the most fundamental level this repeatability originates in phase evolution. Physical systems evolve
through continuous phase accumulation within unitary dynamics. Phase accumulation precedes
frequency; frequency arises as the measurable rate at which phase advances. Stable oscillators
inherit this phase evolution as repeatable cycles, allowing clocks to form and records to persist. The
hierarchy is therefore structural: phase accumulation precedes frequency, frequency precedes
timekeeping, and records precede ordering. Time does not enter physics as a primitive background
parameter but appears as a constructed observable inferred from the persistence and comparability
of stabilized phase relations. The structure of measurement therefore imposes a non-negotiable
constraint on ontology: whatever time is, it must be compatible with how it is accessed—indirectly,
locally, and through physical processes whose evolution preserves probability and energy.

From Ordered Phase Inheritance to the Arrow of Time
One of the most striking features of modern physics is that its fundamental laws do not, in

themselves, distinguish past from future. The equations governing both classical and quantum
systems are, to a high degree, time-reversal symmetric, admitting evolution equally well in either
direction. Yet the world we observe exhibits a persistent and unmistakable asymmetry: processes
unfold, records accumulate, and sequences are experienced in a single direction.
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In standard formulations, this asymmetry is not derived from the laws themselves, but introduced
through an additional assumption—most prominently the Past Hypothesis, which posits a special low-
entropy initial condition to account for the observed arrow of time. This postulate is external to the
dynamical framework: it is imposed as a boundary condition to explain why time appears to proceed
in one direction, despite the underlying symmetry of the equations [Albert 2000; Penrose 1979].

Within the UTT framework, this additional assumption is no longer required. Once time is understood
as the metric inferred from ordered phase succession, temporal directionality follows directly from the
structure of physical interactions. The arrow of time is not imposed; it is inherited from the way
physical systems evolve.

Every process capable of serving as a clock shares a common structural property: the monotonic
inheritance of state transitions. Each new state is constructed from its predecessor through lawful
evolution, carrying forward the information encoded in prior configurations. This produces a
sequence of distinguishable states:

state, — state, — state, — state; - -

in which each element depends on the continuity of those that precede it. The ordering is therefore
not imposed externally; it is embedded in the generative structure of the system itself.

This dependence has a decisive consequence. While the underlying equations may admit formal
reversibility, the constructed sequence of states cannot be arbitrarily reordered without violating the
dynamical constraints that produced it. Each state encodes a cumulative record of prior evolution.
Once interactions distribute this information across many degrees of freedom, reversal would require
the coordinated reconstruction of all prior configurations—a condition that is not dynamically
accessible.

The arrow of time therefore emerges as a structural property of state construction, not as a
consequence of special initial conditions. What the Past Hypothesis assumes, UTT derives: temporal
directionality is the observable imprint of ordered phase accumulation under lawful evolution.

At the most fundamental level, this ordered inheritance is expressed through phase construction.
Frequency arises from the stable, repetitive accumulation of phase, with each cycle completed
through an advance of 2m radians. A sustained oscillation therefore requires phase to progress in
ordered succession—radian, — radian, - radian, - --- - 2n—closing a cycle that can be counted as
frequency.

This process is intrinsically constructive. Each increment of phase is generated from the continuity of
the preceding state, and each completed cycle inherits the structure of those that came before it.
Oscillatory systems persist only because this ordered accumulation is maintained, allowing stable
frequency to emerge and clocks to function.
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Because phase accumulation proceeds through continuous lawful evolution, its ordering is not
arbitrary. The sequence of phase states cannot be rearranged without disrupting the physical process
that generates them. Each cycle encodes the accumulated history of prior evolution and once this
information is distributed across interacting degrees of freedom, it cannot be reassembled in reverse
without reconstructing the entire generative sequence.

The arrow of time therefore reflects the monotonic construction of phase relations across physical
systems. Temporal direction is not imposed externally, but arises from the irreversible ordering
embedded in the accumulation and propagation of phase itself.

When an excitation interacts with a complex system—such as a photon absorbed by a leaf—its prior
phase correlations no longer remain recoverable in any operational sense. The interaction
redistributes that phase information across a vast number of coupled degrees of freedom—molecular
vibrations, electronic states, thermal motion so that the original coherent structure is no longer
preserved as a reconstructible sequence. Although the underlying dynamics remain formally
reversible at the level of the equations, this reversibility is expressed only as a mathematical
symmetry, not as a physically accessible process.

The equality in the governing equations permits reversal in principle, but the physical realization of
that reversal would require the exact reconstruction of all distributed correlations across the system,
with phase precision preserved at every degree of freedom. Once phase information has been
dispersed into a high-dimensional state space, no practical mechanism exists to reassemble it into the
original ordered configuration.

In this sense, the interaction does not destroy phase information, but renders it irretrievably
delocalized. The accumulated record remains embedded within the system, but no longer exists as a
coherent structure capable of supporting orderly reversal. Formal reversibility is preserved in the
equations; physical reversibility is lost in the entropic distribution of phase.

This redistribution can be expressed in the language of Hilbert space. As the excitation interacts with
a complex system, its phase correlations are no longer confined to a localized subspace but are
spread across a tensor product structure:

Hiotal = }[photon & Heaf

The interaction distributes phase correlations into electronic states, vibrational modes, thermal
phonons, and environmental degrees of freedom embedding the initial excitation within an expanded
configuration space. The system’s evolution therefore explores a vastly larger set of admissible
states, each consistent with the same macroscopic outcome.

This expansion of accessible configurations has a direct statistical consequence. As phase correlations
are distributed across an increasing number of degrees of freedom, the system evolves toward states
occupying larger regions of Hilbert space, corresponding to a greater number of micro-configurations
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compatible with the macroscopic description. This is the physical origin of entropy increase: the loss
of reconstructible coherence. Entropy arises from the dispersion of phase into configurations that
cannot be reassembled.

Because each physical interaction embeds phase correlations into progressively larger sets of degrees
of freedom, the subsystem develops record-bearing structure. Molecular configurations, thermal
distributions, and chemical products all retain traces of prior states. As these records accumulate, the
sequence of events becomes directionally ordered through the constructive inheritance of phase
across interacting subsystems. The forward arrow of time therefore corresponds to the monotonic
accumulation of stabilized phase correlations while entropy growth provides its statistical description
as the redistribution of those correlations over an expanding configuration space.

The arrow of time is thus the macroscopic signature of phase redistribution across increasing degrees
of freedom, expressed as the progressive loss of reconstructible coherence and the concurrent
growth of record structure. Temporal direction emerges from the same process that generates
physical history: the ordered accumulation of phase embedded in matter and interaction.

This observation imposes a sharp requirement on any ontology of emergent time. Any framework—
whether fundamental, relational, or emergent must account for how phase accumulation and record
formation arise within physical systems. It is not sufficient to describe how clocks compare, how
observables relate, or how configurations correlate. Comparison presupposes accumulation;
correlation presupposes structure. Before phase can be related across systems or mapped onto
geometric relations, it must first exist as a lawful, generative process capable of constructing ordered
states. Time cannot be explained by relations alone; it must be built from the accumulation of phase
that those relations presuppose.

Relational descriptions, by their nature, operate on already-formed physical quantities. They specify
how differences compare once phase, frequency, or duration are available, but they do not—and
cannot account for how such quantities are produced, sustained, or stabilized in the first place. Yet
experiment makes clear that phase accumulation is real, continuous, and locally generated. Any
account that remains silent on this generative process is therefore ontologically incomplete.

The implication is direct: phase evolution is a generative process internal to physical systems. It
proceeds under conservation, prior to and independent of comparison. Temporal structure cannot be
grounded solely in relational configuration, because relation presupposes the existence of the
quantities it relates. An indifferent configuration space cannot self-organize into ordered succession
without an asymmetry condition governing persistence, stabilization, and record formation.

This establishes a necessary criterion for any lawful account of time. Time cannot be defined,
eliminated, or reinterpreted without addressing how phase accumulates and stabilizes within physical
systems. Ontology must remain anchored to empirical access: whatever time ultimately is, it can exist
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only where coherent phase evolution remains accessible, where records can stabilize, and where
those records can be ordered without violating unitarity or conservation.

The Reversible Universe and the Illusion of the = Sign
For the sheer scientific fun of it, imagine a world in which every past state remained preserved as a

perfectly recoverable phase record, and where reversal were not merely permitted by the symmetry
of the equations, but physically realizable in practice. In such a world, phase would not only
accumulate—it could be unbuilt. Every interaction would remain coherently retraceable, every
distributed correlation recoverable, and every sequence of states reversible without loss.

A photon absorbed by a leaf would not dissipate into molecular motion and thermal disorder; instead,
its phase history would remain intact across all degrees of freedom, poised for exact reassembly. The
leaf would not age, decay, or metabolize irreversibly, but could retrace its own transformations with
perfect fidelity. Memory would not be an imprint of the past, but a reversible configuration
indistinguishable from its origin. Cause and effect would lose their asymmetry, becoming
interchangeable descriptions of the same reversible chain.

But such a universe carries an unexpected burden. For reversibility to be physically realizable, every
past configuration must remain encoded in full detail within the system’s state space. In the language
of quantum mechanics, the system would have to retain complete accessibility to its prior trajectory
within Hilbert space with no effective loss of phase information into inaccessible degrees of freedom.
Nothing could be allowed to fall out of reconstructible coherence. Every interaction would have to
preserve not only global unitarity—as our universe already does—but also the practical recoverability
of all prior correlations.

This begins to resemble the familiar notion of a block universe, in which all events are embedded
within a four-dimensional spacetime manifold and exist on equal footing, with no privileged present
or intrinsic flow of time [Einstein 1916]. In such formulations, the totality of states is fixed
geometrically and temporal ordering appears only as a relational feature of spacetime structure,
rather than as a dynamically constructed sequence.

Taken seriously, this view implies that the universe is not something that unfolds, but something that
is: a complete configuration in which past, present, and future are equally real, and where the
apparent passage of time reflects differences in perspective rather than a physical process. The block
universe therefore achieves conceptual closure by embedding all events within a single, self-
consistent structure, but it does so at a cost: it provides no internal account of how ordered
succession, record formation, or temporal direction arise within physical systems.

It is precisely at this point that the UTT framework diverges. While the block universe treats temporal
ordering as given within a fixed geometric manifold, UTT identifies ordering as something that must
be constructed through the accumulation of phase and the stabilization of records under constraint.
Geometry can encode relations between events, but it does not generate the conditions under which
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those events become sequentially accessible. Without a mechanism that governs how phase
accumulates, stabilizes, and becomes irreversibly distributed, the block universe remains descriptively
complete yet ontologically silent on the origin of directional preference. It specifies the relations
among events, but not the dynamical condition that selects one ordering as physically realized over
its reverse mode.

The block universe encodes all events equally; UTT explains why they cannot be accessed equally.
Geometry can describe time as a relation—but only asymmetry can make it a linear process.

But the resemblance is only superficial. A true block universe describes a perfectly symmetrical world
in which the full structure of states is in principle, equally accessible with no privileged direction of
construction and no loss of recoverability. By contrast, UTT describes an asymmetrical world in which
only a progressively constructed subset of those states remains physically accessible.

Temporal structure, in this view, does not arise from geometry alone, but from the asymmetric loss
of reconstructible coherence that converts phase evolution into ordered, record-bearing succession.
Phase is not lost; it is irreversibly distributed across expanding degrees of freedom, removing prior
configurations from practical accessibility while preserving global continuity.

The distinction is decisive. The block universe asserts the equal existence of all states; UTT explains
why they are not equally accessible. Temporal direction is therefore not a geometric feature of
spacetime, but the physical consequence of progressive coherence redistribution, through which only
the momentum of forward-constructed sequence remains available as a record of evolution.

In our universe, interactions continually spread phase information into high-dimensional state space,
rendering earlier configurations inaccessible to reconstruction. Momentum is not held in reserve for
reversal; it is continuously committed to forward progression. The system does not retain a usable
map of its past—it builds upon it. What remains is therefore not a block of equally accessible states,
but a constructed trajectory whose prior configurations cannot be physically revisited.

One might imagine, for conceptual contrast, a neighboring branch of Hilbert space in which this
constraint were lifted—an “alternate universe” in which all correlations remain recoverable and phase
can be unbuilt at will. Such a universe would approach a genuinely block-like structure, symmetric
under time reversal and fully accessible across its state space. Yet it would also be devoid of durable
history: every state would remain available, but none would persist as an irreversible record. Without
the progressive loss of reconstructible coherence, no asymmetry would arise to distinguish past from
future.

Such a reality would satisfy the formal symmetry of the equations at every scale, but it would lack
the defining feature of the world we inhabit: the progressive construction of irreversible records. No
process would leave a persistent trace that could not be undone. No history would accumulate
beyond recovery. The distinction between past and future would collapse into a symmetric continuum
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of equally accessible states—a timeless structure of correlated configurations, unbroken by any
asymmetry capable of selecting a direction.

The equations would permit reversal—and the world would obey. But in doing so, it would forfeit the
very condition that allows history to exist and for memory as records to form.

The deeper implication is that a block universe is inherently static in the absence of an asymmetrical
condition capable of breaking the symmetry encoded in the dynamical equations. The equality
relations that govern physical law admit forward and reverse evolution with equal validity; without an
additional structural asymmetry, no direction is selected. The entire spacetime manifold remains a
symmetrical configuration of equally valid states, lacking any intrinsic ordering that would distinguish
past from future.

In such a framework, all events coexist within a fully specified structure, but none are constructed in
sequence. The equal sign preserves consistency, but it does not generate direction. Without a
mechanism that breaks this symmetry—such as the progressive loss of reconstructible phase
coherence there is no basis for temporal ordering, no accumulation of irreversible records, and no
emergence of history. A block universe satisfies the equations, but without asymmetry, it cannot
produce time.

Phase, Frequency, and the Operational Structure of Timekeeping
This empirical structure underlies all modern timekeeping and frequency metrology: phase is the

primitive observable, and frequency is a derived quantity. Frequency does not exist as an
independently measurable entity; it is a description of the periodicity encoded in phase evolution.

In precision experiments, no measurement accesses frequency directly as an intrinsic property of the
system under interrogation. Instead, frequency shifts—gravitational or kinematic are inferred from
the rate at which accumulated phase diverges relative to a reference oscillator. This hierarchy reflects
the operational architecture of precision timing, navigation, and interferometric measurement.
ag(t)
dat '/
primary quantity and frequency as its rate of change. All frequency observables are therefore derived
from the temporal evolution of phase, rather than measured independently of it. Within UTT, this
operational reality is elevated from measurement practice to a foundational principle.

Formally, instantaneous frequency is defined through phase: w(t) =

establishing phase as the

This hierarchy is made explicit in the central stability metric of precision timekeeping: Allan variance
[Allan 1966]. Although expressed in terms of fractional frequency fluctuations, Allan variance is
computed from phase differences accumulated over successive comparison intervals between an
oscillator and a reference. The input to the analysis is therefore a time-series of phase evolution
defined relative to that reference.

Phase is intrinsically relational: it has meaning only through comparison, and all frequency estimates
are derived from its rate of change. Allan variance thus evaluates the stability of relational phase
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evolution, not frequency as a primitive observable. The implication is direct—frequency stability is a
statistical characterization of how phase evolves relative to a reference.

Accordingly, frequency does not precede phase; it is computed from it. In precision metrology, what
is directly accessed is accumulated phase relative to a reference, from which frequency is inferred as
its rate of change. This is a matter of architecture: interferometry, atomic clocks, and timing systems
all resolve phase (or time/phase differences), and only subsequently construct frequency estimates.

The empirical implication is structural. Phase accumulation is the physically realized process—
recorded, compared, and stabilized—while frequency is a derived descriptor that summarizes its rate.
Metrology therefore does not access frequency as an independent observable; it quantifies the
history of record-forming phase evolution and expresses its stability in frequency units.

Phase Comparison in Navigation and Timing Systems
Phase is not the fundamental ontological entity of the theory, but it is the irreducible physical

quantity through which evolution becomes observable. States evolve according to the underlying
dynamics, but what becomes measurable—and recordable is the accumulation of relative phase.
Frequency and time are not accessed as independent observables; they are inferred from the rate at
which phase evolves.

What accumulates in precision measurement is not an abstract parameter of proper time, but
relational phase. Observable structure arises from differences in phase, and all measurable
evolution—whether expressed as frequency, time, or stability is reconstructed from its accumulation.

When frequency is defined operationally, the periodicity it describes is the recurrence of phase under
continuous evolution. A cycle corresponds to a 2w increment in radians, and frequency quantifies the
rate at which this recurrence occurs. Thus, periodicity is not an independent physical attribute, but
the manifestation of stable phase progression. Frequency is describing the rate at which phase re-
identifies itself.

Crucially, phase itself is not directly observed. What experiments access are interference-dependent
quantities—population probabilities, intensities, or correlation signals that encode phase through
comparison. From these measured records, relative phase is reconstructed as the minimal quantity
required to account for the observed structure.

Phase therefore occupies a unique position: it is not directly measured, yet it is the lowest-level
quantity from which all observable structure is inferred. The measurable signal does not reveal phase
explicitly; it encodes it relationally. What is physically recorded are outcomes of interference. From
this encoding, phase accumulation is reconstructed and from that reconstruction, frequency and time
are defined.

The same measurement hierarchy governs modern navigation systems. In Global Navigation Satellite
System (GNSS) architectures including GPS, receivers do not access an intrinsic frequency carried by
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incoming signals as an independent observable. Instead, they track the phase of the received carrier
by continuously comparing it to a locally generated reference oscillator. The primary observable is
therefore a time-series of phase differences, from which both clock offsets and frequency offsets are
inferred through the evolution of that phase relative to the receiver standard.

This is the enabling principle of high-precision navigation. Carrier-phase techniques achieve
centimeter- to millimeter-level positioning accuracy precisely because the transmitted signal
preserves a coherent phase history during propagation. The received signal is not interpreted as an
instantaneous frequency value, but as a continuous record of accumulated phase, which can be
locally reconstructed through interference with the receiver’s oscillator.

The requirement of phase continuity is fundamental. If the propagating signal were to undergo
arbitrary resetting, degradation, or non-coherent modification of its phase, the accumulated phase
relationship between transmitter and receiver would be destroyed. In that case, the integer-cycle
ambiguity could not be resolved, and carrier-phase navigation—whose accuracy depends on
maintaining phase coherence over many cycles would fail categorically. The success of GNSS
therefore depends on the preservation of phase as a stable, transportable record.

In this sense, GNSS makes the measurement hierarchy explicit. What is physically received is not
frequency, but a signal whose interference with a local reference encodes phase difference. From this
reconstructed phase history, frequency is inferred as its rate of change, and time is constructed as
the ordered accumulation of these phase comparisons. The observable structure of navigation—
position, velocity, and timing is therefore built from the stability and continuity of phase, not from
direct access to frequency as a measurable quantity.

Interferometry and Gravitational Redshift Tests
Interferometry sharpens this constraint further. Across optical, atomic, and matter-wave platforms,

interferometric systems operate by coherently superposing phase histories and extracting physical
information from their differences. Observable quantities—frequency shifts, timing offsets, and path-
dependent effects are not accessed as independent dynamical variables during propagation, but are
inferred from the relative accumulation of phase between paths or states.

This imposes a stringent condition on any physical description. If phase were subject to arbitrary
resetting, discontinuous modification, or uncontrolled degradation along the propagation path,
interference visibility would be suppressed. The persistent observation of high-contrast interference
fringes therefore requires that phase remain coherently transportable and comparable between
emission and detection with any measurable effect entering through the conditions under which
phase accumulates and is subsequently compared.

Classical gravitational redshift experiments follow the same operational logic. In the Mdssbauer-based
measurements of Pound and Rebka [1959, 1960], the redshift was not obtained by tracking a
continuously evolving frequency in transit. Instead, it was detected as a resonance mismatch
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between emitter and absorber with controlled Doppler modulation used to restore resonance and
thereby quantify the shift. The measurement is intrinsically phase-sensitive: it compares the
conditions under which the wave is emitted and absorbed, rather than accessing a continuously
measured frequency along its trajectory.

The success of metrological experiments rests on a single requirement: phase coherence must be
maintained and differentially quantified between interactions. The propagating signal’s phase
evolution must remain sufficiently coherent to permit comparison at detection. The measurable effect
arises from differences in emission and detection conditions expressed through the indexed phase at
emission.

Across interferometry, navigation systems, and gravitational redshift tests, a consistent operational
principle emerges: phase is coherently transported and compared at boundaries while frequency is
inferred from those comparisons. Any viable ontology of time, frequency, or gravitation must
therefore respect this constraint. Physical effects cannot rely on arbitrary rewriting of phase during
propagation, but must be compatible with the preservation of coherence required for interference. In
practice, what is accessed experimentally is phase accumulation revealed through comparison.

Optical Frequency Combs and Cycle Counting
Optical frequency combs complete this operational picture with exceptional clarity. A frequency comb

is generated by a mode-locked laser, which emits a train of ultrashort pulses at highly regular
intervals. In the frequency domain, this corresponds to a spectrum of discrete, evenly spaced optical
modes—a “comb” of phase-locked frequencies spanning a wide portion of the electromagnetic
spectrum, often extending across hundreds of terahertz in the optical domain [Udem et al. 2002;
Cundiff Ye 2003].

In practice, frequency measurement within a comb is implemented as coherent bookkeeping over
phase evolution. The spacing and absolute position of comb lines are determined by the accumulated
phase relationships between successive pulses stabilized across the entire spectrum. The defining
property of the comb is that its spectral modes are not independent: they are globally constrained by
phase coherence, linking all frequencies through a common phase structure.

As a result, optical frequencies (hundreds of terahertz) can be directly connected to microwave
standards (gigahertz) through coherent cycle counting across the comb. This phase-locked structure
enables direct frequency synthesis and measurement across vastly separated spectral domains,
establishing a precise correspondence between optical phase evolution and microwave time
standards [Jones et al., 2000; Diddams, 2010].

The success of optical frequency combs depends entirely on global phase coherence and continuity.
Any disruption of phase during propagation would destroy the fixed relationships between comb
lines, collapsing the measurement itself. The fact that combs function with extraordinary precision
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demonstrates that phase is preserved as the primary physical quantity while frequency appears only
downstream as a derived observable extracted from that phase record.

Within the UTT framework, this carries direct ontological significance. Comb technology does not
merely measure frequency—it operationally realizes the hierarchy in which phase accumulation is
fundamental and frequency is constructed. The comb enforces a global coherence constraint,
ensuring that all spectral components remain phase-locked to a common generative process. What is
counted as “frequency” is simply the rate of phase accumulation stabilized across this coherent
structure.

The Nobel-recognized development of optical frequency combs thus provides more than technological
validation; it offers empirical support for the primacy of phase. It demonstrates, in the most precise
measurements available, that physical observables associated with time and frequency are inferred
from the preservation and comparison of phase.

III Conclusions
Proper Time Correspondence Principle
The point that emerges—somewhat unexpectedly—is that in General Relativity the spacetime

interval: ds® = g,,,dx"dx", is not interpreted as a “thing” in itself. Rather, it is an invariant quadratic
form on spacetime [Einstein 1916; Misner Thorne Wheeler 1973]. It defines how intervals compare,
not what they are made of. The formalism specifies a structure that must be preserved, but it does
not identify the physical mechanism that realizes that preservation. In this sense, ds? provides
invariant constraint without ontological closure.

This underdetermination introduces a precise degree of interpretive freedom between invariant
structure and physical realization. The same invariant may be mapped onto different, but formally
equivalent, descriptions—geometric, dynamical, or quantum without altering empirical predictions.

The first narrowing of this freedom is supplied by the action principle. Through: S = —mc/ ds, the
invariant interval is promoted to a quantity that accumulates along a trajectory. In quantum theory,

this accumulated action enters directly into phase evolution: ¢ = %, providing a concrete realization of

what accrues. The invariant structure of spacetime is thus expressed dynamically as action, and
operationally as phase.

At this stage, the interpretive freedom is no longer unconstrained. The requirement that the invariant
be rendered observable restricts admissible realizations to quantities that can accumulate, stabilize,
and be compared across systems. Not all mathematically equivalent mappings survive this
condition—only those that can support recordable physical processes.

Within GR, this narrowing is resolved by an interpretive identification: along timelike worldlines, the

invariant interval is mapped onto proper time: dt? = —d—f. This provides a consistent
C
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parameterization of evolution aligned with clock behavior. However, this identification does not arise
from the metric alone; it is a physically motivated assignment that renders the invariant operational.

A further constraint emerges at the level of measurement. Precision experiments do not access
proper time directly as an independent observable. Instead, they access relational phase
reconstructed from interference and compared across systems from which temporal intervals are
inferred. Proper time therefore appears as a derived parameterization of an underlying accumulated
process.

This distinction is foundational. The invariant interval ds? is a purely geometric quantity, defined
independently of any temporal interpretation. It encodes the metric structure of spacetime without
privileging time as a primitive element. Proper time T arises only as a specialization—a mapping of
this invariant onto physical evolution along timelike trajectories where it can be operationalized
through clock behavior.

The identification of ds? with elapsed time is therefore not logically enforced by the formalism, but
rather an analytically justified correspondence grounded in empirical regularities—namely, that
physical systems (atomic clocks, phase evolution, bound oscillators) track this invariant in a
consistent and measurable way.

This leaves open a critical question: why does this invariant admit a temporal interpretation at all?

General Relativity answers this operationally by matching the invariant to the behavior of clocks—but
does not supply a mechanism by which temporal ordering itself arises. The theory secures the
consistency of time as measured, but not its origin as a physical phenomenon.

UTT addresses this gap by reinterpreting the invariant as a constraint on coherence accessibility
within the phase structure of physical systems. In this framework, the geometric invariant ds? defines
the boundary conditions under which phase evolution can be stabilized into recordable structure.
Temporal ordering emerges only when coherence is sufficiently constrained to produce irreversible
sequencing of phase.

Proper time is therefore retained as an empirically valid construct, but reclassified: it is an emergent
observable arising from coherence-modulated phase accumulation, rather than a fundamental
dimension embedded a priori in spacetime.

This leads to a necessary consistency condition. Any proposed invariant quantity intended to
reinterpret or generalize proper time along timelike trajectories must recover proper time in the
appropriate limit.

This requirement follows directly from the empirical success of GR. Proper time 7, defined through
the invariant spacetime interval is an operationally verified quantity measured by physical clocks
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across a wide range of experimental regimes. It therefore constitutes a classical limit that any deeper
framework must reproduce.

Accordingly, the task is not to discard proper time, but to identify a deeper invariant structure from
which proper time emerges as an effective description under conditions where physical systems
admit stable, clock-like evolution.

The constraint is precise: the underlying invariant may differ in interpretation or ontology, but its

projection onto timelike, subluminal systems must yield: dz? = —dc—s; as measured by clocks.
This establishes a correspondence principle for temporality: General Relativity must be recovered as
the classical limit of any deeper theory in which temporal ordering emerges.

Within the UTT, this condition is satisfied by requiring that the coherence-based invariant reduce to
proper time in regimes where coherence suppression stabilizes phase evolution into continuous,
recordable sequences. In these regimes, the coherence-modulated evolution of physical systems
becomes observationally indistinguishable from the standard spacetime metric.

UTT does not discard, modify, or challenge General Relativity. It preserves the invariant structure and
all empirical predictions of GR, including the definition and measurement of proper time. The
objective is not to replace the geometric framework, but to provide a deeper account of how its
invariant quantities become physically realized.

In this sense, GR is recovered exactly in the appropriate limit. Proper time remains the correct and
operationally verified description of temporal intervals along timelike worldlines. UTT retains this
structure in full while reinterpreting it as an emergent observable arising from an underlying phase-
based mechanism through which temporal intervals along timelike worldlines become operationally
measurable.

The Missing Observable: the Absence of Time as a Direct Observable
The burden of fundamentality therefore shifts. Time—long treated as a foundational element of

physical reality is not operationally realized as a fundamental measurable degree of freedom on par
with quantities such as charge, spin, or field amplitude, which couple directly to and are measured by
physical apparatus. No detector couples to time itself. Instead, time appears only through the
evolution of physical systems reconstructed from measurable change rather than accessed as an
independent observable.

Its apparent fundamentality arises from the consistency with which proper time can be recovered
from invariant structure, not from the existence of a directly observable temporal degree of freedom.
What GR secures is not the ontological primacy of time, but the invariance of a geometric quantity
whose interpretation as elapsed time depends on the behavior of physical systems—specifically,
systems capable of sustaining coherent, clock-like evolution.
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If time is to be regarded as fundamental, it must be grounded in observables. A first-principles
account would require the identification of a measurable degree of freedom corresponding to time
itself. This leads to a direct operational question: what would an experiment measure if time were a
fundamental physical quantity?

For time to qualify as a direct observable, it would need to appear as a measurable signal—analogous
to energy, charge, or field amplitude—detectable independently of any underlying physical process.
One would expect, in principle, a “time detector”: an apparatus capable of coupling directly to
temporal magnitude without reliance on oscillation, phase accumulation, or system evolution. No
such observable exists. No experiment has ever detected time in isolation. Every precision
measurement instead resolves the evolution of a physical system and reconstructs temporal intervals
from that evolution.

This absence is structural. Measurement in physics proceeds through interaction: detectors couple to
fields and matter, registering energy transfer as currents, intensities, voltages, or population
changes. At the point of measurement, the primitive observable is always an amplitude-level
response. Even phase is not directly accessed; it becomes available only through comparison when
coherent systems are superposed and relative phase is encoded in interference signals.

What emerges is a consistent operational hierarchy. Physical systems evolve; coherent oscillations
form; phase accumulates as a relational parameter indexing that evolution; and temporal intervals
are inferred from ordered comparisons of phase progression. Time does not enter measurement as
an input—it appears only as an output of structured physical evolution. If time were fundamental, we
would have built a detector for it. Instead, we built clocks—and clocks measure everything but time
itself.

Within this reframing, proper time retains its full empirical authority. It remains the quantity
measured by clocks and the parameter governing dynamical predictions along timelike trajectories.
However, its status is no longer foundational. It is reclassified as a recoverable observable, arising
from a deeper layer of physical description in which phase evolution under constraint supplies the
measurable content. The invariant structure ds? defines the permissible geometry, but it does not, by
itself, dictate that the realized observable must be “time.” That identification is earned only through
correspondence with the ordered accumulation of phase in physical systems.

UTT formalizes this distinction by relocating the explanatory base. If time is to be maintained as
fundamental, it must be exhibited as a measurable degree of freedom—something physics has never
demonstrated. By contrast, phase is continuously and unambiguously interrogated at the point of
experiment. The reconstruction of time from phase is therefore not an interpretive convenience, but
an operational necessity.

This establishes a reversal in explanatory priority. Rather than treating proper time as the primitive
invariant from which physical evolution is described, UTT treats phase as the primitive observable
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process through which that invariant becomes manifest. Proper time is recovered when phase
evolution stabilizes into continuous, recordable sequences. The invariant ds? defines the constraint
geometry; phase supplies the physical content.

The Observable Hierarchy
Time is not primitive in a physical description. It is a higher-order construction, arising through a

nested hierarchy of physical processes in which each level depends on the stability and structure of
the one beneath it.

At the base of this hierarchy lies physical interaction. What evolves fundamentally are fields,
amplitudes, and quantum states. These entities do not present time as an observable; they evolve
according to lawful dynamics that preserve global structure. Measurement accesses this layer only
through interaction events—energy exchange registered as detector responses such as currents,
voltages, intensities, or population transitions.

From these interactions, coherent oscillatory structures emerge. Systems capable of sustaining stable
evolution—atomic transitions, optical cavities, stabilized lasers, and superconducting resonators
produce repeatable oscillations. These systems establish the conditions under which phase can
evolve coherently.

Phase arises at the next level as a relational parameter indexing this evolution. It is not directly
observed, but reconstructed through comparison. When coherent systems are superposed, their
relative alignment is encoded in measurable quantities—intensity, voltage, or population—and phase
is inferred from interference structure. Across interferometry, atomic clocks, and quantum optics,
detectors record amplitude-level responses while phase is reconstructed as the minimal quantity
required to account for the observed difference between signals.

d¢
dt’
stabilized system. It does not exist independently; it inherits its meaning entirely from phase
evolution.

Frequency follows as a derived quantity: o = expressing the rate of phase accumulation within a

Time occupies the highest level of the hierarchy. It is not measured directly, but reconstructed from
the ordered comparison of phase histories across systems. Clocks do not detect time as an
independent quantity—they count cycles. Temporal intervals emerge only when phase accumulation
can be stabilized, compared, and recorded as a sequence of distinguishable states.

The dependency chain is therefore strict:

Without interaction, no oscillatory structure
Without oscillatory structure, no relational phase
Without phase, no frequency

Without frequency, no time
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Each level is contingent on the one below it. Phase occupies the pivotal role: it is the lowest-level
construct that carries ordered structure while remaining grounded in physical interaction.

This hierarchy establishes a decisive operational fact: we do not measure time. We do not measure
frequency. We do not measure phase directly. We measure interactions, and construct all higher
quantities from them. All precision timing experiments resolve the evolution of physical systems—
most fundamentally, the accumulation of phase in coherent oscillators and reconstruct temporal
intervals from the ordered comparison of those phase relations.

Time therefore never appears as a directly measured quantity. It does not enter the apparatus as an
observable signal, nor does it couple to detectors as an independent degree of freedom. Instead, it
emerges only as a quantity inferred from structured physical evolution. What is measured is phase-
structured change.

This imposes a strict constraint: any ontology of time must be consistent with the hierarchy of
observables. To explain time is to explain how phase evolution becomes stabilizable, comparable, and
recordable.

This requirement stands in tension with the inherited geometric framework. From Newtonian absolute
time to Minkowski spacetime and its extension in General Relativity, temporal ordering is embedded
as a structural feature of the theoretical framework rather than derived from physical dynamics.
Geometry encodes time, but does not explain its emergence.

This introduces a fundamental difficulty. If time is presupposed, it cannot be derived without
circularity. One cannot explain the origin of time within a framework that already assumes it. This
tension lies at the core of the quantum gravity problem: time is treated as non-fundamental in
principle, yet remains indispensable in practice.

Resolving this requires a shift in explanatory priority. Temporal ordering must be generated from
dynamics that are themselves non-temporal.

Within the UTT, this condition is satisfied by identifying phase accumulation and coherence
stabilization as the generative processes. Time is not a primitive coordinate, but a constructed
observable arising from the ordered succession of phase relations that can be stabilized and
recorded. It does not exist as an independent degree of freedom, but emerges from the coherence-
constrained accumulation of phase within physical systems.

The Constructability of Temporal Structure

In its standard formulation, General Relativity and quantum theory meet at a point of implicit
agreement: both presuppose the existence of a well-defined oscillatory degree of freedom whose
phase can evolve along a physical trajectory. GR provides the invariant structure that parameterizes
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this evolution, while quantum theory supplies the unitary dynamics defined with respect to that
parameter. In practice, this role is played by proper time.

Within GR, spacetime geometry introduces an invariant quantity that accumulates along timelike
worldlines under gravitational influence. The spacetime interval: ds* = g, (x) dx"dx", defines this

structure, and for timelike trajectories it is mapped onto proper time via: dt? = —dc—szz. Gravitational

potential g,,, modulates the rate at which this invariant accumulates, such that clocks deeper within a
gravitational well accumulate proper time more slowly—an effect observed as gravitational redshift.

To parameterize a process by an invariant quantity is to use that quantity as the variable indexing its
progression. Accordingly, quantum phase evolution is expressed as a function of proper time along a
system’s worldline. Oscillatory systems—atomic clocks, resonators, and quantum transitions are
therefore understood to evolve at rates determined by the geometric accumulation of proper time.
Differences in observed frequency are interpreted as consequences of differing proper-time rates
across gravitational potentials.

This construction is internally consistent. However, it imposes a specific ordering of explanation: the
behavior of oscillatory systems is subordinated to the geometric parameter that is supposed to
describe them. Proper time is taken as given, and phase evolution is defined relative to it.

This ordering introduces a subtle but decisive tension. Operationally, clocks do not measure proper
time directly; they measure phase accumulation within oscillatory systems. The definition of the
second is established by counting cycles of an oscillator, yet those cycles are assumed to track proper
time, while proper time itself is inferred from the behavior of those same oscillators. The construction
therefore closes into a self-consistent loop: time is defined by phase accumulation, and phase
accumulation is interpreted through time.

This ordering introduces a subtle but decisive tension. Operationally, clocks do not measure proper
time directly; they measure phase accumulation within oscillatory systems. The definition of the
second is established by counting cycles of an oscillator, yet those cycles are assumed to track proper
time, while proper time itself is inferred from the behavior of those same oscillators. The construction
therefore closes into a self-consistent loop: time is defined by phase accumulation, and phase
accumulation is interpreted through time.

This circularity signals an unresolved ambiguity in the identification of the invariant quantity. The
geometric formalism specifies that an invariant exists and determines how it accumulates along
timelike trajectories, yet it leaves underdetermined which physical quantity is ontologically primary.
Operationally, the measurable entity is phase evolution: clocks emit and compare ordered phase
markers generated by oscillatory systems. Proper time, by contrast, enters as the parameter through
which those measured phase relations are geometrically organized.
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The tension arises because the formalism implicitly relies upon a reciprocal dependency. Phase
accumulation is taken to define measurable temporal intervals, while proper time is simultaneously
invoked as the parameter governing the accumulation of phase. The causal ordering between the
two therefore remains tacitly unresolved. Geometry parameterizes phase evolution, yet operational
access to geometry is obtained only through the observed evolution of phase-bearing systems.

Within standard relativistic practice this reciprocity remains operationally self-consistent and
empirically successful. However, the equivalence of observational outcomes does not uniquely
determine the ontological ordering beneath them. The invariant interval establishes the consistency
structure relating measurements across frames, but it does not by itself decide whether phase
evolution is secondary to proper time or whether proper time is instead an emergent geometric
reconstruction abstracted from invariant phase relations observed in physical oscillators.

UTT isolates precisely this ambiguity. It preserves the full empirical and mathematical structure of
relativistic proper time while reinterpreting the operational invariant as fundamentally phase-based.
In this view, proper time is not discarded, but understood as the geometric organization abstracted
from the invariant comparability of locally generated phase evolution.

GR does not assert that time is metaphysically fundamental, but its formalism treats proper time as
the invariant along timelike worldlines. It specifies how this invariant is compared across spacetime,
yet it does not address the constructive conditions under which oscillatory phase becomes physically
available. Processes such as entanglement, radiative coupling, emission and absorption, and
thermodynamic stabilization—through which phase-bearing systems arise and persist lie outside the
geometric description.

The division is therefore clear. Geometry governs how an invariant accumulates. Quantum dynamics
governs whether the physical systems capable of realizing that accumulation exist at all.

A Hierarchy of Temporal Admissibility
UTT resolves the circularity between time and phase by reordering explanatory priority. Rather than

treating time as the primitive parameter, it models temporal structure as emerging from a hierarchy
of coherence-conditioned constraints acting on unitary phase evolution.

Temporal structure arises through the progressive stabilization of phase configurations permitted
under these constraints. At each level, the space of admissible configurations narrows selecting those
phase relations capable of forming stable, inheritable structure and become accessible as record-
bearing structure. The hierarchy unfolds as follows:

» Hilbert space (formal possibility H'): provides the kinematic structure of admissible quantum
configurations. It defines the linear superpositional arena in which quantum states reside. At this
level, the theory specifies only the space of possible configurations; no physical state has yet been
selected.
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« Quantum State, unitary evolution (a state in Hilbert space) ( Iw) € H ) : A particular quantum state
represents a specific configuration within that space. Its evolution follows unitary quantum
dynamics generated by the Hamiltonian. This evolution preserves the full superpositional structure
of the state: | Yi(t)) = e HU/R | ).

» Coherence-conditioning field (®): The gravitational environment provides the asymmetrical
constraint field ® within which undifferentiated phase evolution becomes physically indexed.

« Admissibility index (« = ®/c*): Encodes the degree of coherence accessibility permitted under the
local @ field. a expresses the local magnitude of gravitational potential relative to a global scale.

» Formation-level phase indexing: At the moment of emission, an excitation acquires a phase
accumulation rate indexed by its local a environment. The spectral structure of the excitation is
therefore defined at formation relative to the coherence conditions under which it emerges.

« Restricted coherence bandwidth (R, = e%): the retained portion of phase evolution that can
resolve into classically observable structure determined at emission. Under this constraint the
spectral envelope undergoes a uniform block shift of admissible Jacobian configurations permitted
to resolve into classically resolvable structure. e*s expresses the surviving fraction of spectral
phase coherence relative to the global phase reference.

« Jacobian spectral configuration: Frequency suppression and wavelength expansion remain
conjugate under coordinate dilation. Conservation is preserved through fractional mapping of the
spectral configuration.

« Monotonic inheritance (ordered succession): Successive phase increments inherit their indexing
relative to the immediately preceding configuration. Ordered succession therefore arises internally
through lawful inheritance rather than through external dynamical intervention.

» Unitary propagation condition: Once indexed at formation, excitations propagate under quantum
unitarity. Their spectral configuration remains preserved during propagation.

» Mutual stabilization condition: When multiple indexed oscillators couple across distributed degrees
of freedom, relational phase differences become mutually accessible. Interactions among physical
systems constrain locally accessible microstates and create the conditions under which phase
relations can stabilize into record-bearing structures.

« Entropic Redistribution & Thermodynamic Stabilization: When indexed excitations interact with
mass-bound systems possessing dense internal degrees of freedom, entanglement redistributes
phase correlations across enlarged composite Hilbert spaces. Through thermodynamic
processes—absorption, scattering, vibrational coupling, and environmental mixing—phase
inheritance becomes embedded in stable microstate distributions. Temporal records emerge when
these redistributed correlations stabilize into persistent configurations.

A consistent pattern governs this hierarchy: no new dynamical mechanism is introduced at any stage.
Each level acts instead as a condition that progressively narrows the space of admissible phase
configurations. Possibility is not driven forward; it is filtered.
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Phase is not propelled through time. It is progressively permitted to stabilize under increasingly
restrictive coherence conditions. Temporal structure therefore emerges as the cumulative result of a
stacked architecture of constraints that determine which phase configurations can resolve, persist,
and synchronize across physical systems.

Formation-Level Indexing (boundary condition)
UTT refocuses the problem of time on the constructive conditions under which phase becomes

physically resolvable and mutually stabilizable arising from admissibility constraints acting on formally
timeless quantum dynamics. Each layer of constraint restricts the domain of viable configurations,
progressively delimiting the conditions under which phase relations can stabilize into structured,
record-bearing frequency. Time is therefore assembled through the cumulative stabilization of
constraint-indexed phase relations.

At the level of formal quantum mechanics, unitary evolution is expressed as: Yi(t) = e~/ y5,, where
t appears as an external parameter indexing the evolution of the state. Continuity, probability
conservation, and phase accumulation follow from the Hamiltonian H, and phase evolves smoothly
across the full domain of Hilbert space.

UTT introduces a structural refinement. While the formalism admits the full superpositional structure,
not all phase configurations are physically realizable. The global wavefunction encodes a vastly larger
space of possibilities than those that can be stabilized within interacting systems. Physical
environments impose admissibility conditions through interaction, coherence requirements, and
gravitational constraint that determine which portions of this phase structure can persist, couple, and
synchronize.

Within this framework, gravitational potential ® enters as a boundary condition acting at formation. It
indexes the spectral structure of an excitation at the moment it becomes physically realized
determining the coherence-conditioned bandwidth—the subset of phase configurations capable of
stabilizing into observable structure.

This is expressed schematically as: ¢, — q;g‘b), where the indexed state Lpff’) defines the admissible

spectral support under the local gravitational constraint. The excitation is not subsequently modified
during evolution; it is realized within a constrained domain from the outset.

In this sense, ® functions as an index on realizability. It selects from the global phase space, the
subset of configurations that can be physically instantiated. The resulting spectral structure is
therefore the result of constraint-conditioned admissibility at formation.

Spectral-Measure Form of the Indexing

Let the gravitational indexing factor be: R, = e“s (with R, < 1), where o, represents the encoded
gravitational coherence constraint associated with the local potential @.
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Formation indexing is implemented as a Jacobian-consistent dilation of the spectral coordinate in the
frequency representation:

!
® = o' =Rgw & == under change of variables
g

Under this coordinate dilation, the indexed initial state takes the form: g‘b) (w") = J%g Yo (E—;)

e ,(w): the pre-index spectral amplitude distribution (formal support).
e o = (Rg w): the formation-imprinted spectral scaling (uniform block shift of the spectral
coordinate).

J%: the Jacobian correction that preserves the probability measure under coordinate dilation.
g
This transformation is therefore a measure-preserving re-expression of the same spectral support

under a coordinate indexed by the local gravitational potential.

Conservation and Norm Preservation (one-line proof)

Normalization follows directly from the Jacobian transformation. The derivation is mathematically
sound as a standard Jacobian-preserving rescaling of a wavefunction under a change of spectral
variable. The logic is consistent with ordinary Hilbert-space normalization under a coordinate
transformation in frequency space:

S 1P () 12 do’ = [ | Po(w) I? do

with the gravitational indexing relation: w’ = Ry- w

sothat: =2, do' =R, - do
Rg

Define the transformed spectral state by: ¢g¢) (w") = = Yo (‘”—’)
VRg Rg

w

Then: J 1 2= o (R—g) 2 do’ = J 2= 140(0) I (Rg do)
and therefore: [ | Yy(w) I? dw

Thus the Hilbert-space norm is preserved exactly; only the spectral parameterization of the state has
been rescaled. The derivation demonstrates preservation of probability norm. The spectrum is re-
indexed while norm preservation follows directly from the Jacobian-compensated dilation
transformation since technically it is not the Jacobian alone preserving the norm, but the combination
of the coordinate rescaling, and the compensating 1/\/R—g amplitude factor
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Propagation (Unitary Law)

Once the formation-indexed state is specified, subsequent evolution follows standard quantum
mechanics:

1Ht

v =en P§»

This establishes the structural separation between formation and propagation:

e Formation: Y, —» Lp(q’) (mdexing of spectral measure / admissibility)

« Propagation: ((t) = e~ LlJ((D)

The transition: {y, - qj(q’) represents the formation event in UTT: a boundary-condition indexing of
the spectral measure that preserves normalization and conjugate structure. Af'ter formation, the state
evolves under standard unitary dynamics without further modification: y(t) = e~ ' q;(q’).

The Coherence-Saturated Limit and the Failure of Comparability

Within UTT, a quantum state evolving under a Hamiltonian H: §(t) = e~ T w(q’) undergoes
continuous phase accumulation through unitary evolution. This evolution is formally complete,
preserving norm and continuity under quantum dynamics.

A critical distinction follows. While unitary evolution admits the full space of permissible phase
relations, it does not itself determine which of those relations can become physically resolvable,
stabilizable, or mutually accessible at emission. The Schrdodinger evolution governs the lawful
propagation of phase structure, but not the operational conditions under which portions of that
structure become externally comparable within a gravitationally constrained environment.

The emitted excitation does not acquire its spectral identity during propagation; its frequency
structure is fixed at formation by the local coherence conditions under which emission occurs.
Subsequent unitary evolution preserves that indexed spectral structure across propagation, while
gravitational and kinematic constraints determine which portions of the globally admissible phase
domain can become externally resolvable in the first place.

Within UTT, this distinction is fundamental. The wavefunction evolves unitarily across its full
admissible domain, yet only a restricted subset of that global phase structure satisfies the conditions
required for stabilization into externally accessible, record-forming observables. The consequence is
that unitary completeness and operational accessibility are not identical. Phase configurations may
remain fully present within the global wavefunction while simultaneously being delimited by the local
constraint conditions necessary for stable external resolution.

Within this framework, unitary evolution does not proceed from an undifferentiated physical
observability. Prior to emission, the admissible phase structure must first be indexed by the local
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gravitational and kinematic conditions of the host emission system through its local potential ®. It is
this constraint indexing that selects the subset of phase relations capable of stabilizing into mutually
accessible excitations, thereby establishing the signature frequency structure detected upon
emission.

To isolate this distinction, consider a counterfactual regime of full coherence saturation, (& = 0)(a =
0), in which no gravitational indexing is present at formation. In this limit, all phase configurations
remain equally admissible with no constraint selecting or stabilizing access to particular frequency
structures. No boundary condition exists to fix a resolvable phase gradient, and no restriction is
imposed on coherence bandwidth. The wavefunction therefore evolves with maximal symmetry and
unrestricted spectral support. The dynamics themselves remain entirely well-defined.

Phase propagates unitarily, interactions occur, and environmental mixing redistributes correlations
across expanding degrees of freedom. Local decoherence proceeds, records form, and entropy
increases. From the standpoint of local evolution, the system remains fully consistent with quantum
mechanics. Succession exists, and histories are encoded within subsystems. The breakdown appears
only at the relational level.

In a fully coherence-saturated regime, all excitation systems evolve under identical conditions, and
their phase histories remain indistinguishable in structure. Oscillators emerge with identical spectral
profiles, and phase evolution proceeds uniformly. While phase continues to accumulate locally within
each system, no physical feature differentiates one phase history from another. Environmental
interactions may generate irreversible records within subsystems, but they do not introduce
structured variation between them. What is absent is relational structure.

Because no differentiation exists at formation, no stable reference emerges by which phase
accumulated in one location can be meaningfully compared to phase accumulated elsewhere. Any
attempt to align or synchronize such histories reduces to an arbitrary choice of reference rather than
a physically defined relation. The system therefore supports succession, but not the comparability of
succession.

Environmental mixing continues to produce irreversible records, but those records lack a relational
metric. Frequency remains formally definable as the rate of phase accumulation, yet it loses
operational meaning as a relational observable. Each subsystem encodes its own history, but no
structure exists for aligning those histories across space. The result is not a failure of dynamics, but a
failure of relational determinacy.

Absent an asymmetrical condition that indexes phase at formation, the global system remains locked
in symmetry, with no preferred structure by which temporal relations differ between locations.
Temporal structure—defined through the comparison of phase histories therefore cannot be
constructed as a globally accessible quantity. The implication is precise: local succession persists, but
global time fails to emerge.
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The Necessity of Comparability and the Collapse of Temporal Structure
Time, in its operational and metrological sense requires not merely the accumulation of phase, but

the existence of a shared structure that fixes the comparability of that accumulation across systems.
In the absence of differentiated phase indexing at formation such a structure does not exist.

This counterfactual regime isolates a necessary condition: temporal structure requires formation-level
differentiation of phase admissibility. Where phase evolves uniformly, nothing can be compared
globally. Where nothing can be compared globally, shared relational time cannot be constructed. The
failure is precise: it is a failure of comparability.

Metrology collapses. All precision timekeeping is fundamentally an act of comparison. Clocks do not
measure time in isolation; they compare phase accumulation across oscillators. Frequency standards
exist only insofar as oscillatory systems can be related and compared through stable differences in
phase evolution. In the coherence-saturated limit, this relational structure disappears. All oscillators
emerge with identical phase admissibility. Their evolution remains internally consistent, yet externally
indistinguishable. Phase accumulates, but no invariant difference exists through which one system
can be compared to another.

The notion of a “common clock” does not merely fail—it becomes meaningless. No system can be
privileged as a reference, because no system differs. Clocks continue to function locally, but clock
comparison ceases globally. Temporal intervals cannot be transferred, synchronized, or calibrated
across systems. Frequency remains mathematically definable as the rate of phase accumulation, yet
it loses its operational meaning as a relational observable. It no longer encodes measurable
difference—only isolated evolution.

The consequences propagate across the structure of physics:

e Redshift disappears as an observable. Without differentiated phase evolution, no measurable
frequency variation exists between systems.

e Physics loses relational structure. All physical observables reduce to differential comparisons—
phase, energy, frequency. Without comparability, these distinctions collapse.

e Entropy loses its global arrow. Redistribution persists locally, but no cross-system ordering exists
to define a universal temporal direction.

e Causality weakens. Events proceed locally, yet no consistent ordering across systems can be
established.

e The universe becomes observationally perfectly symmetrical but inconsequential. Internal
structure may persist, but without relational contrast, it becomes indistinguishable from triviality.

The loss of comparability does not halt local dynamics. Phase continues to accumulate, interactions
proceed, and entropy increases. What is removed is the relational structure required to interpret
those processes as time. Without differentiated phase evolution across systems, no framework exists
for aligning histories, comparing rates, or establishing a shared ordering of events.
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The universe remains dynamically active—yet temporally undefined at the global level. Time does not
fail because evolution ceases; it fails because evolution becomes indistinguishable across all systems.
Where no structured difference exists, no comparison can be made; where no comparison can be
made, no temporal metric can be constructed. Without comparability, the universe does not lose
motion—it loses meaning.

This analysis does not uniquely prove UTT, but it isolates a necessary condition that any viable
account of time must satisfy: without formation-level differentiation, phase evolves but cannot be
compared; without comparison, time cannot be constructed.

UTT satisfies this condition by assigning gravitational potential ® the role of formation-level
coherence indexing, thereby introducing the differentiation required for relational comparison. Time,
in this framework, possesses a dual structure:

e a formation mechanism, in which phase becomes stabilizable and record-bearing under constraint,
e and a relational manifestation, in which those stabilized structures are compared across systems.

Time is formed locally through constrained phase—and realized globally through comparison.

UTT’s Compound Architecture of Time
This model reveals a structural multiplicity in the physical nature of time, extending what has often

appeared as a singular description into two complementary domains: the geometric formulation of
time in relativity and the coherence-based interpretation grounded in quantum phase evolution under
UTT.

From this perspective, time does not belong exclusively to either framework. It is not fully captured
by geometry alone, nor by coherence dynamics in isolation. Instead, time emerges as a compound
architecture—a layered construction arising through successive stages of physical organization in
which each mathematical representation applies within its proper domain.

In the relativistic domain, temporal intervals are described geometrically through the spacetime
metric. For a static, spherically symmetric gravitational field, the Schwarzschild proper-time relation

2GM
Rc?

the coordinate-time interval referenced to a distant observer. This formulation correctly captures the
operational scaling of clock rates in gravitational fields.

istdt= (1-—

dt, where dr is the local proper-time interval along a timelike worldline and dt is

Within UTT, the same observable scaling is reinterpreted through coherence-indexed phase structure.
The gravitational scaling factor may be expressed as: R, = e™*s, where R, represents the retained
coherence-frequency channel associated with gravitational indexing. In the appropriate relativistic

2GM

limit, this factor corresponds to the metric scaling relation: R, = |1 — -
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Thus, the metric formulation and the coherence formulation are not competing descriptions, but arise
as distinct formulations corresponding to different stages in the life cycle of time. The spacetime

. 2GM . . . . . .
metric /1 - provides the geometric rule for comparing temporal intervals across gravitational

potentials, while the exponential e %9 expresses the same scaling as a constraint on locally emitted
phase structure. The former governs relational comparability across frames; the latter governs the
local coherence conditions under which phase structure becomes physically resolvable at emission.

Neither framework, in isolation, fully captures the complete operational structure required to satisfy
the commitments of emergent temporal order made mutually relatable across observers. Relativistic
geometry successfully organizes temporal comparison once stable observables exist, but does not
specify the underlying physical mechanism by which admissible phase structure becomes
operationally accessible. Conversely, coherence dynamics govern the emergence and stabilization of
locally emitted phase relations, but do not alone furnish the global relational structure required for
cross-frame temporal comparison.

At the foundation of this architecture lies a four-fold permissive structure, encoded within the
formalism of modern physics:

e theinvariant interval: ds* = g, (x) dx"dx"
e the action principle, which governs admissible physical trajectories
o the existence of dual mathematical representations of evolution
(geometric accumulation and phase evolution)
e and the empirical indeterminacy in how these invariants are operationally realized

Each of these elements, taken in isolation, permits a range of admissible interpretations. The
invariant interval does not prescribe what ds? is; the action principle does not dictate how evolution
must be interpreted; dual formalisms allow distinct but equivalent mathematical descriptions; and
empirical practice does not determine how these structures are physically measured geometrically or
coherence based.

Yet when considered together, this structure does not lead to interpretive arbitrariness. Quite the
opposite: it constrains the field of admissible interpretations, narrowing the set of quantities that can
consistently satisfy all four conditions simultaneously.

Within this constrained structure, a critical realization emerges: No single interpretation—neither
General Relativity nor UTT—fully completes the structure across all physical regimes. Instead, each
becomes conditionally valid within its domain, and—more importantly—necessary to complete the
whole.

e In quantum regimes, the invariant is realized through phase evolution and coherence dynamics.
Physical systems express evolution through oscillatory structure, where measurable quantities
arise from stabilized phase relationships.
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e In relativistic regimes, the invariant is realized through geometric accumulation, formalized as
proper time along classical timelike trajectories. Here, the same underlying structure manifests as
a metric relation between events.

These are not interchangeable descriptions, but regime-dependent realizations of a shared invariant
foundation. The deeper insight—and perhaps the most striking—is that these interpretations are not
competing explanations of time, but complementary projections of a deeper invariant structure.

Each captures a distinct aspect of how physical systems render invariance observable. Coherence
dynamics provide the mechanism of physical realization through phase stabilization, emission, and
measurable evolution. Geometry provides the relational scaffold through which those stabilized
observables become mutually comparable across spacetime. Neither framework alone is sufficient.
Together, they form a closed descriptive structure spanning quantum and geometric scales.

What initially appears as a philosophical divergence instead resolves into a structural synergy. The
coherence framework accounts for how admissible phase structure becomes physically realizable and
operationally measurable, while relativistic geometry accounts for how those measurements remain
relationally consistent across frames. One governs emergence and stabilization; the other governs
relational comparability and invariance.

Both descriptions are therefore required—not as matters of interpretive compromise, but as
consequences of the ontological commitments imposed by the physical structure itself. The
operational emergence of time requires both the local formation of stable phase structure and the
geometric framework through which that structure becomes mutually relatable between observers.

From this unified perspective, the fundamental nature of time can be stated with greater precision.
Time does not emerge solely from coherence dynamics under gravitational potential, nor solely from
relational metric structure across spacetime. It emerges from the unity of both. Time is a compound
construct of emergent phase realization and relational comparison, arising when physical systems
map invariant structure onto measurable evolution.

In this architecture, emergent phase realization governs how physical systems form and evolve
locally through coherence-stabilized phase dynamics under constraint. Relational comparison governs
how these locally realized evolutions are compared across systems establishing a shared ordering
between distinct trajectories.

What we experience and measure as the “flow” of time is not a primitive progression, but the
coherence-stabilized expression of this mapping—encoded at formation through local physical
realization and shared globally through relational comparison across the invariant structure.

At the most fundamental level, quantum systems evolve under unitary dynamics: yi(t) = e~ /%y,
This evolution is formally complete, preserving norm and continuity across the full superpositional
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domain of Hilbert space. Yet it is structurally neutral: it specifies what is dynamically permissible, but
not what is physically resolvable or distinguishable.

The first constructive layer arises at formation. Within UTT, gravitational potential ® imposes a
coherence-conditioned boundary on admissible phase configurations. Through the indexing

parameter: a = ;3;, the system selects a restricted subset of phase relations capable of stabilizing into

oscillatory structure: ¢, — q;f)‘b). This step breaks the symmetry of undifferentiated phase

admissibility, transforming formal quantum possibility into physically realizable structure. Without this
indexing, phase remains uniformly admissible and no structured distinction arises between systems
capable of supporting differentiated temporal evolution.

The second layer is stabilization and evolution. Once formed, oscillatory systems accumulate phase
continuously and locally through unitary evolution: () = e~ift/A q;ff’). At this stage, histories form,

systems evolve, and causal continuity emerges bearing the signature frequency of the coherence
conditions of the host environment.

The third layer is relational comparison. Environmental interactions progressively redistribute phase
correlations across expanding degrees of freedom, producing stable, irreversible, record-bearing
structures. This establishes local succession: an ordered accumulation of phase within individual
systems.

Stabilized oscillatory systems can now be compared across space and gravitational potential, allowing
differences in accumulated phase to become operationally measurable. This is the relational domain
described by General Relativity, where proper time along timelike worldlines encodes the comparison

of accumulated phase histories across distinct trajectories: dt = dt fl - ZFGCIZVI.

Temporal structure becomes globally accessible only when accumulated phase relations are mutually
comparable across observers. Relativity therefore does not generate temporal structure from nothing;
it provides the geometric framework through which already-stabilized phase histories become
relationally measurable across spacetime.

These layers are not independent—they are structurally interlocked. Remove any layer, and time
fails:

e Without formation-level indexing, no differentiated phase structure exists to compare.
e Without stabilization, no histories persist.
e Without comparison, no global temporal metric can be constructed.

Time is therefore not a primitive quantity, but the result of a stacked construction:

e Unitary evolution defines the space of possible phase relations
e Formation-level indexing (UTT) selects the admissible subset
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e Stabilization and inheritance produce local temporal succession
e Relational comparison (GR) renders that succession measurable across subsystems

Unification of Square Root and Exponential Representations of Time Dilation
Time is thus neither purely geometric nor purely quantum. It is constructed through constrained

phase evolution and realized through comparison. Neither formalisms are truly representative across
frames and the compound nature of time resolves in this framework.

The synthesis developed in this work clarifies the physical content of time dilation by demonstrating
that the standard metric formulation of GR and the exponential coherence-indexing form introduced
in UTT are mathematically equivalent representations of a single underlying scaling law. The
distinction lies in interpretation and level of construction.

Metric Representation (Relational Domain)

2GM
rc?

In GR, time dilation is expressed geometrically through the spacetime metric: dt = |1 — dt. This

square-root factor encodes the relational comparison of proper times across worldlines, grounded in
the normalization g,,(o0) = 1. It is operationally valid in the geometric domain of measurement,
where clocks are compared across gravitational potentials.

Exponential Representation (Formation Domain)

UTT introduces a coherence-indexing parameter defined at formation: a = — S

Rc?’

g =% In(1+ 2a)
From this, the exponential form follows: e% = /1 + 2a

. e . dt’
UTT expresses time dilation and frequency scaling as: = e%, f' =f,-e%

In this formulation, the scaling factor represents the fraction of phase evolution that remains
physically accessible under gravitational constraint. It operates at the level of quantum formation,
where admissible phase structure is selected.

Domain Asymmetry of Representations

Although mathematically equivalent: /1 - Zr%“ = e%, the two forms are not interchangeable as
physical descriptions. Their equivalence is formal, not a license for unrestricted domain assignment.
The square-root metric form belongs to the metric structure of General Relativity, where it encodes
the scaling of proper time through the time—time component of the spacetime metric. Its content is

inherently geometric and relational: it specifies how already-formed physical systems—stabilized
oscillators or clocks, are compared across spacetime trajectories.

In this sense, the metric form operates at the level of comparison. It presupposes the existence of
coherent phase histories and provides the rule by which their accumulated phase is related between
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worldlines. What it does not provide is any account of how those phase structures become physically
admissible or resolvable in the first place.

By contrast, the exponential form emerges from a logarithmic reparameterization of the same
invariant, but in UTT it is assigned a different physical role. It governs phase evolution under
constraint, expressing how gravitational potential modulates the admissibility of phase dynamics.

Here, the same scaling is interpreted as a constraint on local physical realization. The exponential
form therefore belongs to the formation domain. Its content is inherently generative: it specifies the
conditions under which phase configurations can stabilize into oscillatory structure.

What it does not provide is a framework for comparing those stabilized structures across spacetime.
It determines whether and how phase can form, not how formed systems are related.

The equality therefore reflects a shared invariant structure, but the two representations correspond
to distinct layers of physical realization. Each is well-posed only within the domain defined by its
underlying assumptions: The metric form assumes already-formed clocks and addresses their
relational comparison. The exponential form addresses the formation and admissibility of those clocks
through coherence-constrained phase dynamics.

The distinction is domain symmetry, the equivalence is mathematical; the interpretation is not. Each
form encodes the same invariant, but assigns it to a different stage in the physical realization of time.
To treat them as interchangeable is to collapse this structure, obscuring the fact that a single
invariant may be realized through different physical mechanisms across regimes.

To extend either representation beyond its domain is to impose it on conditions it does not
ontologically describe: The metric cannot account for formation-level differentiation. The exponential
cannot, by itself, establish relational comparison. Neither form, taken alone, provides a complete
account.

The implication is commitment driven and unavoidable: The square-root form describes how time is
measured. The exponential form describes how time becomes measurable. The metric formalism
provides comparison without formation. The exponential formalism provides formation without
comparison.

Only when taken together do they resolve into a complete physical account of time, spanning the
transition from local phase realization to global relational ordering.

Synthesis: A Compound Structure of Time
The unification follows directly: UTT supplies the formation mechanism; GR supplies the relational

scaling. What initially appear as competing descriptions resolve, under closer inspection, into a single
process unfolding across successive levels of physical construction. The tension between geometry
and coherence is a reflection of where one chooses to enter the process.
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At the earliest stage, formation dominates. Gravitational potential ® acts as a coherence-indexing
field, delimiting the subset of phase configurations capable of stabilizing into oscillatory structure. In
this step, undifferentiated phase possibility is reduced to physically admissible structure. What can
exist as a clock is determined here at formation through constraint.

Once formed, these oscillatory systems enter a regime of continuous unitary evolution. Phase
accumulates locally, smoothly, and in a manner that can be inherited through interaction. Systems
now carry internal histories—ordered sequences of phase accumulation that persist through
environmental coupling. At this stage, succession exists, but only locally. Each system evolves, but no
global meaning yet attaches to that evolution.

Only at the final stage does time as it is operationally understood resolve. Stabilized phase histories
become comparable across space and it is this act of comparison that defines measurable time. This
is the domain formalized by General Relativity, where proper time along worldlines encodes
differences in accumulated phase across trajectories. Temporal structure becomes globally accessible
only when phase accumulation can be related between systems.

Seen in this way, the structure of time is inherently layered. Gravitational potential determines what
phase structures can form; unitary evolution governs how those structures evolve; and relativity
provides the framework through which those evolutions become relationally comparable. Time is
therefore not introduced at a single step—it is assembled through successive physical constraints and
comparisons.

Nature, in its infinite logic sustaining internal consistency through natural laws appears to have
supplied two interlocking formalisms required to complete the operational construction of time from
emergence to comparability. Coherence dynamics account for the emergence and stabilization of
admissible phase structure, while relativistic geometry accounts for the relational comparability of
those stabilized histories across spacetime. What emerges is not a forced synthesis assembled
through interpretive spin on conventional physics, but a compound ontology arising from the
independent commitments already embedded within the mathematical structure of physical law itself.

The coherence framework and the geometric framework are not artificially merged by philosophical
preference; rather, their convergence follows from preserving the operational and mathematical
constraints each theory already demands within its own proper domain. UTT does not attempt to
bend existing theories into artificial compatibility, nor does it impose external philosophical
preferences onto otherwise successful formalisms. Rather, it follows the implications of the
operational and mathematical commitments already demanded by nature’s observed behavior. The
picture is not constructed first with the equations adjusted afterward to fit it; the structure emerges
progressively as the lawful constraints imposed by quantum evolution, gravitational scaling, and
operational measurement are followed to their natural conclusions.
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At each stage, the theory proceeds by preserving the empirically verified commitments of existing
physics. Quantum mechanics requires continuous unitary phase evolution. Relativity requires
invariant relational comparability across frames. Metrology requires that time be operationally
reconstructed through oscillatory phase processes. Once these commitments are simultaneously
retained rather than selectively privileged, a layered architecture begins to reveal itself almost
unavoidably.

What initially appear to be separate descriptions gradually disclose themselves as complementary
structural domains within a larger operational process. Coherence dynamics alone cannot furnish
global relational comparability; geometry alone cannot explain how admissible phase structure
becomes physically realizable and measurable in the first place. Yet together, the two frameworks
close the descriptive gap left open by either in isolation.

In this sense, UTT presents itself as a consequence of following the mathematical and operational
commitments of natural law where they consistently lead. The resulting structure is not arbitrary
synthesis, but an emergent coherence between frameworks that were already implicitly dependent
upon one another. As the pieces are allowed to align according to their own internal constraints, the
compound architecture of time resolves as the natural completion of the underlying physical picture.

This layered construction reframes the meaning of time dilation. It is the observable consequence of
differences in formation-indexed phase structure, revealed through relational comparison. What GR
measures is the comparative outcome of phase histories that were already constrained at formation.

The equivalence between the metric and coherence-based representations may be written compactly
as: % = /00 (r) = e%, revealing a shared scaling law expressed in two distinct forms.

This identity exposes a deeper unity. Within GR, the scaling factor appears as a geometric property of
spacetime, governing how proper times are compared across worldlines. Within UTT, the same factor
appears as a coherence-indexing parameter, expressing the fraction of phase evolution that remains
physically accessible under gravitational constraint. The observable effect is identical; the level of
description is not.

Neither the square-root metric form nor the exponential form is sufficient in isolation. Each captures
a different aspect of a compound physical structure, and each loses explanatory power when
extended beyond its domain. The metric describes comparison without formation; the exponential
describes formation without comparison.

Taken together, they reveal a unified architecture: Hilbert space defines the space of possible phase
relations; coherence indexing selects the physically admissible subset; and relativity compares the
resulting phase histories across spacetime. These are not competing frameworks, but sequential
layers of a single construction.
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Incident Bodies as the Phase-Resolving Interface

UTT identifies a critical structural condition for temporal consequence: the presence of incident
bodies. This requirement is a direct reflection of how all physical measurements are realized. No
observable—whether frequency, phase, or time is accessed in isolation; it is always registered
through interaction between an excitation and a material system. The question is therefore how
phase becomes physically resolved into measurable structure.

Within this context, a mass-bound object functions as a distributed quantum interface—a coherence-
bearing structure composed of bound degrees of freedom, including electronic states, lattice modes,
molecular bonds, phonons, magnons, and other collective excitations. These internal oscillators do
not merely store energy; they define a dense spectrum of admissible coupling channels through
which incoming phase can interact with matter.

From the standpoint of modern physics, this is precisely how detection, absorption, and emission
occur. Whether in an atomic clock, a photodetector, or a macroscopic object, measurement proceeds
through the coupling of an incoming field to quantized internal modes of a material system. The
structure of those modes—determined by quantum mechanics and constrained by thermodynamics
governs which components of the incoming phase can be absorbed, redistributed, or re-emitted.

In UTT, this familiar mechanism is elevated to structural significance. Incident bodies are not
incidental to measurement; they are the necessary interface through which phase becomes
resolvable, stabilizable, and record-bearing. Without such distributed coupling structure, phase may
evolve, but it cannot be physically registered or compared.

When electromagnetic phase encounters such a structure, it meets a thermodynamically active
manifold. The incoming excitation couples to quantized transition bands, redistributes across many-
body degrees of freedom, and may be absorbed, scattered, thermalized, or re-emitted. This behavior
is well described by quantum electrodynamics embedded within many-body statistical mechanics
[Peskin 1995; Cohen Dupont Grynberg 1992].

In UTT terms, the incident body supplies a distributed phase-accepting bandwidth under
thermodynamic constraint. Its internal structure provides channels that:

e absorb indexed phase into bound excitations

e redistribute energy across thermally accessible modes

e reflect under boundary impedance conditions, and

e re-emit at spectrally selected frequencies determined by allowed transitions

Spectral selectivity is therefore not incidental, but intrinsic: it arises from quantized coupling channels
constrained by selection rules and thermodynamic occupation statistics.

A familiar illustration is color. The color of an object is not a property of light alone, but of which
phase components survive interaction. Frequencies resonant with internal transitions are absorbed
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and redistributed across many-body degrees of freedom, while non-resonant components are
reflected or scattered. The color green, for example, corresponds to the selective survival of phase
components that are not strongly coupled to dominant absorption pathways in plant pigments, and
are therefore reflected back to the observer.

This highlights an important practical implication. The presence of green wavelengths in incident
spectra is often treated as inefficient in plant growth applications on the assumption that these
spectral components are “unused.” However, within this framework, such wavelengths are not absent
from interaction, but are weakly coupled within dominant absorption bands and may still participate
in secondary processes such as scattering, penetration, and indirect energy redistribution. Spectral
“inefficiency” is thus not a binary condition, but a reflection of differential coupling across accessible
transition pathways.

Thermodynamically, this interaction marks the transition from microscopic phase coherence to
macroscopic entropy production. Phase that remains coherent may be re-emitted as structured
radiation; phase that disperses across many-body degrees of freedom manifests as heat and entropy
growth. The object therefore functions simultaneously as a coherence filter and an entropy engine.

Within UTT’s compound architecture of time, incident bodies provide the metrological interface
through which indexed phase becomes operationally meaningful. Gravitational indexing fixes the
admissible phase structure at formation, and unitary evolution propagates that structure without loss.
Yet it is only through interaction with structured matter that phase differences can couple,
redistribute, and stabilize into mutually accessible records.

An incident body thus serves as the interface through which indexed succession becomes record-
bearing structure. Through absorption, reflection, and re-emission across its internal quantum
architecture, phase becomes entangled with bound degrees of freedom before decohering into stable
classical records. Even seemingly inert objects—such as rocks in space perform this role, as their
bound quantum structure provides the distributed phase-resolving manifold required for interaction.

Phase does not traverse the universe indifferently—it is resolved by matter. And it is this resolution,
under coherence constraint, that renders phase accumulation metrologically effective and completes
the construction of time.

The Triadic Structure of Temporal Construction

UTT identifies a triadic structure underlying the construction of time. Three conditions must jointly
obtain for phase evolution to become operationally temporal:

e Gravitational coherence conditioning a: restricts admissible spectral bandwidth and fixes
resolvable phase slopes at formation, introducing differentiated phase structure.

e Unitary phase evolution: preserves continuity and lawful phase accumulation across the
admissible domain.
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e Incident bodies: provide distributed, mass-bound degrees of freedom through which indexed
phase can couple, redistribute, and stabilize into record-bearing structure.

No single component is sufficient. Only when all three co-exist does phase accumulation become
mutually inheritable and metrologically effective. Proper time, in this framework, is not primitive, but
the measurable outcome of indexed phase resolving across interacting coherence structures.

In practice, massive, structured systems supply the environmental complexity required for temporal
stabilization. Their dense spectra of internal modes and rich coupling channels make them efficient
decohering manifolds enabling phase correlations to be redistributed, redundantly encoded, and
stabilized as persistent records. Through environmental mixing under shared gravitational indexing,
phase inheritance becomes mutually resolvable across distributed systems.

Crucially, the operative mechanism is not mass alone, but interaction complexity. Mass correlates
with the density of bound modes and available coupling channels, yet temporal stabilization arises
from structured entanglement and redundancy across environmental degrees of freedom. Event
structure emerges through interacting Hamiltonians, environmental entanglement, and irreversible
record formation under coherence-conditioned bandwidth. Mass participates by binding and
organizing interaction pathways; it does not, by itself, generate temporal structure.

An incident body is therefore best understood as a distributed decohering manifold—a coherence
architecture that furnishes the dimensionality and coupling spectrum required for record stabilization.
Indexed unitary succession becomes operational time only when interaction with such structure
renders phase inheritance mutually accessible and redundantly encoded across systems.

Time is not produced by evolution alone. It requires indexed differentiation, lawful propagation, and
structured resolution.

Part VI: Ontological Boundary Conditions: Indexing and Propagation

UTT is not an unconstrained interpretive proposal; it is an ontology delimited by boundary conditions.
Its structure is fixed by the formal requirements of quantum mechanics and General Relativity. Any

admissible extension must preserve linearity, unitarity, norm conservation, and geometric invariance.
These are not optional assumptions—they define the domain within which interpretation can operate.

If gravitational potential participates in the emergence of temporal structure, its role must respect
these constraints. The placement of gravitational influence is therefore not arbitrary, but logically
restricted by the formal architecture of the theory.

Gravitational influence cannot act as a dynamical modifier during propagation without violating these
conditions. Any in-transit modification would require altering the Hamiltonian, disrupting unitarity, or
modifying amplitudes in a way that breaks norm conservation. Likewise, introducing collapse or
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selective attenuation during propagation would abandon linearity and superposition. Such
interventions are formally inadmissible.

The remaining possibility is therefore structural, not dynamical. Gravitational conditioning can enter
only as a boundary condition at formation and as a relational consequence at measurement. In this
placement, gravitational potential ® indexes the spectral admissibility under which excitations are
realized without altering their subsequent unitary evolution. Propagation remains governed entirely
by standard quantum formalism.

This resolves the placement uniquely. Gravity does not retune excitations in transit. It fixes the
admissible phase structure at formation and manifests observationally through relational comparison
at resolution. In this configuration, conservation laws remain intact, superposition is preserved, and
phase inheritance proceeds lawfully under unitary dynamics.

UTT therefore does not introduce new dynamics; it identifies the only admissible ontological
placement of gravitational influence consistent with the existing formal structure. Gravity cannot act
within the dynamics without breaking the theory. It can only act at the boundaries where the theory
permits it.

Boundary-Condition Indexing with Unitary Propagation Unchanged

Consider excitations formed under different gravitational potentials—one within a deep stellar interior
and another under mild Earth-like ®. Each excitation is realized with a spectral profile indexed by the
local potential at emission. Although their emitted frequencies differ by the gravitational redshift
factor, the transformation preserves normalization and fractional spectral weighting: the relative
distribution of amplitudes across frequency components remains invariant under a Jacobian-
consistent dilation of spectral coordinates.

Within their respective local frames, both excitations are internally complete. Their superpositional
structure remains intact, amplitudes are normalized, and evolution proceeds unitarily. No amplitudes
are removed, no collapse occurs, and no norm is altered.

The distinction appears only upon relational comparison. When a stellar photon is measured against
an Earth-indexed oscillator, the observed frequency differential manifests as gravitational redshift.
This effect does not arise from dynamical modification during propagation, but from comparison
between excitations whose phase slopes were indexed under different gravitational conditions at
formation.

Across the admissible gravitational domain —0.5 < a < 0, identical excitations therefore differ only by
a uniform rescaling of spectral coordinates: f' = R, - f,. Lower frequency does not indicate loss of
energy or superpositional content; it reflects a coherent dilation of phase accumulation scale. What
varies across gravitational potentials is not the availability of Hilbert support, but the local phase
slope established at formation.
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This distinction clarifies the relationship between the global quantum state and local realizations. The
global state retains the full superpositional manifold of finite possible phase configurations. A local
excitation is not a truncation of that manifold, but a boundary-conditioned realization within it. No
amplitudes are removed; rather, the excitation is prepared under specific environmental constraints
that determine its effective spectral measure.

UTT elevates this standard distinction into an ontological principle. Gravitational potential ® acts as a
formation-level boundary condition, indexing the spectral admissibility under which excitations are
realized. Through Jacobian-consistent dilation, @ fixes the phase slope and coherence bandwidth at
emission while leaving the global superpositional manifold intact.

Once formed, the excitation evolves under the standard unitary propagator: U(t) = e /% with no
further gravitational modification. The Hamiltonian remains unchanged, conservation laws are
preserved, and phase inheritance proceeds lawfully.

Gravitational influence therefore appears only in two places:

o at formation, where it indexes spectral admissibility, and
e at measurement, where relational comparison reveals differences between indexed systems

From this structure, the compound architecture follows directly. Indexed unitary succession proceeds
locally under the formation-imprinted spectral measure. Relational comparison across differing ®
reveals phase differentials consistent with gravitational redshift. Environmental stabilization then
renders these differentials operational as time.

The explanatory shift is therefore structural. The sequence is fixed:

o Hilbert space defines formal possibility

e Formation under ® delimits local realizability

e Unitary propagation preserves continuity

e Relational comparison yields measurable differentials
e Environmental stabilization produces operational time

Crucially, ® does not alter norm after formation. Conservation is preserved because Jacobian pairing
maintains normalization and conjugate structure. The restriction concerns resolvability and record
closure, not existence. All configurations remain formally present, yet only those within the indexed
coherence bandwidth can stabilize into record-bearing structure. Gravity does not act on the
wavefunction during evolution. It defines the conditions under which the wavefunction becomes
physically realizable.

Equation Cascade: from Formation Indexing to Unitary Propagation

This demonstration establishes that UTT’s ontology is not an abstract reinterpretation, but is fully

grounded within the established mathematical structure of modern physics. Each step in the
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construction proceeds from, and remains consistent with, the core formalisms of quantum mechanics
and General Relativity.

The objective is not to introduce new dynamics, but to reorder explanatory priority within an already
constrained framework. The cascade that follows traces a continuous path from formation-level
indexing under gravitational potential to unitary phase evolution and relational measurement, without
violating linearity, unitarity, or conservation.

Pre-Index Spectral State (Hilbert Support)
Let the excitation be represented in the frequency basis by: Py (w) = (w | YPy)

with normalization: [ | p(w) 1> dw =1

At this stage, the state is a normalized superposition over frequency eigenmodes within Hilbert space
. The full spectral support remains intact; no boundary conditioning has yet constrained the
effective spectral measure. The state is formally complete but physically unindexed.

Gravitational Formation Indexing (GCSL)

Under the Gravitational Coherence Suppression Law: a = il

Rc2

define the gravitational indexing factor: R, = e“s, Ry <1

Formation acts as a Jacobian-consistent dilation of the spectral coordinate:

/ o’
0w - W =Rgu)<=)oo=—
Rg

The indexed initial state is defined as: y{* (w') = J% Yo (;’—')
g g

l 1 '
Then: | 4™ (@) 7= -1 o (%) i
Norm Preservation (One-Line Proof)

) o .
LetoozR—g = dw =R, dw

So the norm preservation should read:
(@) r r 1 o' ’
J WP @) 1 do’ = [ 15 o (&) 12 do
=J 2 1o(@) P (Rgdw) = [ 1o(@) I* do

after taking the modulus square, the factor becomes 1/Rg, not 1/,/R,.
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Thus: | [ 1 ¢ (@) 12 do’ = [ | Yo(w) 2 do

The prefactor 1/\/R_g is the Jacobian compensation required to preserve the Hilbert norm under

coordinate rescaling. The transformation is therefore unitary in representation, not dynamical in
origin.

Clean Structural Handoff to Propagation
Once formation indexing is fixed, evolution proceeds under unitary dynamics:

_ o—iHt/A [, (D)
lIJ(t) —e iHt/ 5

The structural sequence is therefore: ¢, — ¢g¢>, after which evolution proceeds under the standard

iHt
propagator: Y(t) =e » q;gd’). Propagation preserves norm and phase continuity.

Metrological Global Manifestation of Time
To quantify ensemble-level stabilizability, the Coherent Usability Fraction (CUF) measures the mutual

phase alignment of these evolving states:

N
1 _iH
CUR® =1 = > {x1e™m yi) P~ 1
i=1

Here | y) represents the receiving or stabilizing interface state. The CUF measures the ensemble-level
availability of phase alignment among formation-indexed, unitarily evolved states. It introduces no
modification to the Hamiltonian and preserves full unitarity.

Structural Consequence: Hilbert Support - Formation Indexing — Unitary Propagation —
Relational Comparison — Stabilized Records — Operational Time

Entropic Redistribution as a Coherence-Conditioning Layer
Entropy growth marks the thermodynamic stabilization of indexed phase inheritance. Within UTT,

gravitational potential ® establishes a formation-level coherence boundary, fixing the admissible
phase structure at emission. Entropic redistribution extends this conditioning at the subsystem level,
refining which phase configurations remain resolvable, stable, and record-bearing under interaction.

When an indexed excitation encounters an incident body—a mass-bound system with dense internal
degrees of freedom, the appropriate description shifts to the composite Hilbert space of the coupled
system. Entanglement distributes phase correlations from the excitation into the body’s internal

modes. Phase is no longer localized; it becomes relationally encoded across an enlarged state space.

The total Hilbert space contains an immense manifold of possible coupling pathways. In reality, a
system contains far more internal detail than we can track, so instead of describing everything—we
describe only the part we can access. Practical description proceeds through reduced subsystem
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representations in which inaccessible or unobserved degrees of freedom are mathematically averaged
over, yielding an effective description of only the locally accessible portion of the system. This
reduction does not eliminate phase correlations; it restructures their accessibility. Within this reduced
description, entropy functions as a coherence-conditioning layer, determining which phase relations
remain locally resolvable and which are effectively delocalized beyond reconstruction.

Each interaction proceeds through structured coupling channels—electronic, vibrational, magnetic,
thermal as defined by the system’s Hamiltonian and symmetry constraints. Entropic redistribution
spreads phase correlations across an expanding microstate subspace, reflecting the statistical
accessibility of these configurations. In this sense, entropy is not the loss of phase, but its
redistribution across admissible sectors of the composite Hilbert space, progressively limiting the
subset of phase relations that can be stabilized, accessed, and recorded.

Stabilization requires more than distribution. Only a subset of configurations can sustain durable,
record-bearing correlations across many-body degrees of freedom. Entropy growth reflects both
expansion and selection: phase correlations spread broadly, while stable records emerge only in
those sectors capable of redundant, mutually accessible encoding.

Crucially, entanglement transforms phase from an internal property of a single excitation into a
relational property between systems. Phase information becomes encoded in correlations across
interacting degrees of freedom, enabling inheritance beyond the original subsystem. Interaction thus
converts localized phase into distributed, record-capable structure.

Through repeated interaction and thermodynamic redistribution, the admissible phase manifold
undergoes progressive refinement. Recoherence is suppressed, and configurations capable of stable,
redundant encoding are preferentially selected. Entropy does not oppose coherence; it operates upon
the space of microstates, amplifying those configurations capable of sustaining phase inheritance into
structures that persist.

Operational time emerges when formation-indexed phase inheritance becomes stabilized under
entropic refinement. The full structure is therefore layered:

e Gravitational indexing defines initial admissibility

e Unitary evolution preserves phase continuity

e Entropic redistribution refines accessible phase structure
e Interaction-rich systems stabilize phase into record

Time is not imposed. It is the stabilized consequence of constraint-conditioned phase evolution across
interacting systems.

You can't build stable structure without somewhere for it to live. Entropy creates that “space.”
Entropy is not merely a statistical inevitability arising from state multiplicity; it provides the expanding
microstate landscape through which phase correlations can distribute, diversify, and stabilize. This
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role is essential as temporal order depends on the formation and persistence of phase-correlated
records across interacting systems. In this sense, entropy is not the degradation of structure, but the
enabling condition for structural richness. It furnishes the dimensionality required for phase to
explore, couple, and reorganize into configurations capable of persistence.

Entropy renders phase usable by distributing it across a rich space of accessible configurations.
Within this expanded microstate space, phase inheritance is no longer confined to a single system
but becomes relationally encoded across interacting degrees of freedom. This redistribution enables
growth, variation, and the emergence of stable, record-bearing structure. What appears as disorder
at the microscopic level is, at the structural level, the necessary substrate for complexity and
persistence.

Local Stabilization and Relational Time
More importantly, as phase correlations become redistributed across an entropically enriched

microstate landscape, they stabilize into locally bound structures of coordinated evolution. Within
such systems, phase inheritance becomes internally organized across interacting degrees of freedom,
giving rise to a locally coherent temporal structure—an intra-coordinated ordering of state transitions
sustained through continual interaction and record formation.

This locally stabilized structure is only one aspect of temporal construction. Temporal order acquires
physical meaning only through relational coupling. No system exists in isolation; each is embedded
within a broader environment that both conditions and constrains its internal phase evolution. As a
result, locally stabilized phase inheritance remains continuously coupled to external phase structures.
Time, therefore, does not exist solely as an internal ordering, but as a relationally constrained
evolution across interacting systems where coherence must be maintained not only within a system,
but across its environment.

A clear physical example is the response of a plant to seasonal change. The plant’s internal
biochemical and cellular processes—gene expression cycles, metabolic pathways, and growth
patterns—constitute a locally stabilized temporal structure, built from phase-coherent interactions
across molecular degrees of freedom. Yet these processes do not unfold arbitrarily. They are
synchronized to external environmental cycles, such as solar radiation, temperature variation, and
photoperiod.

In this sense, the plant does not merely evolve in time—it evolves relationally through continuous
interaction with external phase constraints. Its internal temporal ordering is persistently modulated
through comparison with environmental oscillatory structure. Seasonal cycling therefore represents a
relationally bound temporal dynamic in which local phase inheritance becomes coordinated against
externally imposed periodicity.

This coordination, however, extends beyond the individual organism. Plants within a shared
environment exhibit collective temporal alignment, synchronizing key developmental and
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interdependent physiological transitions—such as flowering, dormancy, nutrient exchange, and
growth cycles across entire populations. This synchronization arises not only from common exposure
to environmental drivers, but also through indirect coupling mediated by the environment itself,
including filtered light through canopy structure, chemical signaling, resource competition, fungal and
microbial symbiosis, and distributed information exchange through soil and root networks.

These interactions establish a distributed phase network in which temporal structure becomes
mutually reinforced across multiple systems. Individual organisms do not inherit temporal ordering in
isolation; rather, coherent developmental timing emerges through persistent relational coupling
across the ecological system as a whole. Temporal structure therefore propagates not simply through
internal succession, but through environmentally mediated synchronization among interacting
oscillatory systems.

In this expanded view, temporal coherence is not merely local or externally imposed—it is collectively
stabilized. Each plant maintains its own internal phase structure, yet that structure remains
dynamically coupled to both environmental oscillations and the phase states of relationally inter-
dependent neighboring systems. Time, in this context, emerges as a multi-scale relational
phenomenon, spanning molecular, organic, and ecological levels.

This illustrates the broader principle. Time, in this framework, is not a passive backdrop or an
independently flowing parameter. It is the functional consequence of stabilized phase inheritance
within an entropically enriched and relationally coupled environment where coherence is maintained
not only within systems, but across them.

Time emerges where phase can be stably inherited locally, and where that inheritance can be
distributed, compared, and synchronized across interacting systems embedded in a shared microstate
landscape. Local systems construct time through stabilized phase. Relational coupling—both
environmental and collective aligns those constructions into a shared and coherent temporal order.

Time’s Recursive Emergence into Generative Structure
Time is the recursive stabilization and alignment of phase across expanding domains of interaction.

This collective synchronization provides a natural bridge to observer systems. Humans, like plants,
are not external to temporal structure, but are themselves complex, multi-layered emission systems
composed of interacting biochemical, neural, and cognitive processes. These processes form a locally
stabilized temporal structure built from phase-coherent interactions distributed across molecular and
neural degrees of freedom, and continuously coupled to environmental and social dynamics.

Within the human system, temporal structure arises first through intra-coordination. Neural
oscillations, circadian rhythms, and distributed cognitive processes synchronize across scales—from
molecular signaling to large-scale brain networks stabilizing phase into internally coherent sequences.
This intra-coordinated structure enables perception, memory, and anticipation, forming a continuous,
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self-consistent ordering of state transitions. As in the plant, local phase inheritance is organized
through tightly coupled internal dynamics, producing a self-sustaining temporal framework.

Yet this internal ordering does not unfold in isolation. It is continuously modulated through external
coordination, synchronized to environmental phase structures such as day—-night cycles, seasonal
variation, and ambient conditions. Beyond this, human systems engage in collective synchronization
through communication, shared activity, and social interaction, aligning internal temporal structures
across individuals. In this way, intra-coordinated temporal structure is embedded within—and
constrained by a broader network of relational phase coupling, mirroring the ecological
synchronization observed in plant systems.

Measurement systems extend this principle with greater formal precision. A clock, whether atomic or
biological, stabilizes and counts phase cycles under constraint. Its operation depends on intra-
coordination—the internal stabilization of oscillatory phase, but its meaning arises only through
external comparison. When two clocks are brought into relation, globally relatable temporal structure
emerges not from either system alone, but from the agreement between their stabilized phase
sequences. Synchronization, calibration, and comparison are conditions under which time becomes
shareable and operationally defined.

A clear example is the global time standard that underpins modern coordination: networks of atomic
clocks distributed across the Earth are continuously compared, corrected, and synchronized to
maintain a unified temporal reference. This shared standard enables the precise coordination of
communication systems, navigation, financial transactions, and scientific measurement. What is
commonly regarded as “global time” is therefore not a pre-existing universal flow, but a collectively
maintained agreement among phase-stabilized systems, sustained through continual relational
alignment across an interconnected network of observers and instruments.

In this sense, observers do not passively read time—they participate in its construction. Each
observer stabilizes phase locally through intra-coordinated dynamics, but time becomes physically
meaningful only when those stabilized structures are distributed, compared, and synchronized across
systems. Human perception, instrumental measurement, and collective coordination all instantiate
the same dual structure: local stabilization and relational alignment.

Crucially, observers are not external to this process. They are themselves constructed from the very
phase-coherent structures that give rise to time, even as they actively participate in its continued
formation. The observer is therefore both a product of temporal structure and a contributor to its
persistence. Through perception, memory, and interaction, observers do not simply register time—
they extend and reinforce the network of stabilized phase relations from which time emerges.

This parallelism reveals a recursive principle. At every scale, time is constructed through the same
two operations: phase stabilization within a system, and phase coordination across systems. From
molecular networks to organisms, from ecological populations to observing communities, temporal
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structure is repeatedly generated through this interplay. Each level inherits the stabilized phase
structure of the one below it, while contributing to the coordination of the level above it. Time is
therefore not a single-layer phenomenon, but a multi-scale recursion of coherence, unfolding across
expanding domains of microstate expression.

This completes the hierarchy. Time originates in constrained phase stabilization, persists through
entropic redistribution and record formation, and becomes operationally real only through relational
coupling among systems embedded within a shared environment. Observers both arise from and
sustain this process: they are formed by stabilized phase inheritance and, in turn, participate in its
alignment across systems. What we experience as time is not an external flow, but the coherent,
self-reinforcing alignment of stabilized phase inheritance across interacting systems.

Irreversibility of Entropic Dispersion

Entropy is not merely a thermodynamic endpoint or a measure of degradation. In statistical
mechanics, it quantifies the multiplicity of accessible microstates consistent with macroscopic
constraints. As entanglement spreads and energy redistributes across many-body degrees of
freedom, this multiplicity expands exponentially, enlarging the state space within which phase
interactions can occur.

Under unitary evolution, phase relations remain globally unrelatable. When incident systems couple
to bodies with dense internal degrees of freedom, entanglement redistributes these phase
correlations across an enlarged microstate manifold. At the level of reduced subsystems where
external degrees of freedom are effectively averaged out due to incomplete access, this redistribution
appears as entropy growth. Entropy therefore signals the dispersion of coherence into an expanded
and increasingly inaccessible configuration space.

Within UTT, this dispersion into accessible microstates is a structural partner of phase evolution.
Entropy furnishes the expanding microstate diversity through which new coupling pathways,
interference structures, absorptive channels, and emission spectra become dynamically accessible.
The universe does not merely dissipate—it diversifies. As the space of accessible configurations
grows, lawful phase evolution encounters an increasingly complex network of interaction pathways
through which phase inheritance can couple, reorganize, and stabilize.

This expansion has a decisive consequence. Irreversibility arises from loss of access to phase
correlations. As these correlations are distributed across many-body modes, the structure required for
reversal exceeds the system’s accessible capacity for control and coordination. Reconstructing them
demands coordinated access across an expanding set of degrees of freedom that lie beyond practical
coherence and resolution. Entropic dispersion therefore suppresses recoherence by redistributing
phase into channels that are operationally inaccessible to reversal. The system cannot reverse what it
can no longer coherently access.

212



At the subsystem level, this manifests as the selection of configurations capable of persistent, record-
bearing correlation. Phase is reallocated across an enriched configuration space, where only those
patterns that achieve redundancy, mutual accessibility, and stability can persist. Entropy, in this
sense, is not a measure of disorder, but a self-generative mechanism of structural exploration,
expanding the domain within which stable structure can be discovered.

Operational time emerges precisely at this interface. Formation-indexed phase histories—conditioned
by gravitational coherence and propagated unitarily become stabilized through entropic redistribution.
As ensemble-level stabilizability approaches unity (CUF = 1), phase inheritance becomes mutually
accessible and redundantly encoded across interacting systems forming the basis of persistent,
shareable records.

Incident systems provide the natural interface through which continuous unitary phase evolution
couples into dense internal structure. Through entanglement, energy redistributes across accessible
microstates, entropy increases and phase inheritance stabilizes into irreversibly accessible records
through structured redistribution.

Irreversibility is therefore not imposed, nor is it a fundamental asymmetry of the laws themselves. It
arises from the progressive dispersion of phase into an expanding microstate landscape, where
reconstruction exceeds the accessible coherence and coordination capacity of the system. Entropy
carries coherence outward, embedding phase history into a widening network of correlations.

At this boundary, the full structure of time becomes clear. Phase evolution remains globally preserved
under unitary dynamics, meaning that the underlying correlations of the total quantum state are not
fundamentally destroyed. However, as those correlations disperse across increasing degrees of
freedom, they become progressively inaccessible to local subsystems. The arrow of time becomes
irreversibly established through this asymmetry, as phase correlations disperse across expanding
entropic degrees of freedom and become locally unrecoverable. Information remains preserved
globally while locally, access to the full phase structure becomes effectively unrecoverable.

Within the UTT framework, the asymmetry underlying the arrow of time is not understood as a
singular phenomenon emerging solely from thermodynamic irreversibility, but as a compound
structure arising through successive layers of physical constraint. Temporal directionality is
instantiated in stages, each introducing a distinct form of asymmetry that progressively transforms
formally admissible phase structure into stable, irreversible history.

The first instantiation occurs at formation. Gravitational potential imposes an asymmetrical constraint
on phase accessibility, breaking the symmetry of undifferentiated phase admissibility and selecting
only a restricted subset of viable, frequency-bearing configurations capable of stabilizing into
oscillatory structure. This establishes the initial directionality of phase resolution: a formation-level
arrow in which coherent possibility is reduced to physically admissible structure through constraint.
Before this indexing, phase relations remain uniformly admissible and temporally indistinguishable.
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The emergence of differentiated structure therefore does not begin with entropy, but with
coherence-conditioned selection at emergence.

The second instantiation arises through interaction with many-body systems. As stabilized phase
relations propagate into increasingly entangled environmental networks, phase correlations become
redistributed across expanding landscapes of entropically enriched microstates. A new asymmetry
now emerges—not in what fundamentally exists, but in what remains operationally accessible and
reconstructible. The global quantum state continues to preserve underlying correlations under unitary
evolution, yet those correlations disperse across degrees of freedom exceeding the coherence,
coordination, and retrieval capacity of local subsystems. Reversal becomes operationally inaccessible.

This constitutes the stabilization-level arrow, where phase inheritance becomes irreversibly
embedded within the structure of interacting systems. The arrow of time is therefore not imposed
externally upon matter, but progressively imprinted through the asymmetrical redistribution of
accessible phase structure across expanding entropic degrees of freedom.

What we experience as temporal flow emerges from this compound architecture of asymmetrical
constraint: first, the directional selection of admissible phase structure at formation; second, the
irreversible stabilization and dispersion of that structure through entropic interaction. Time is
therefore not an independently flowing background parameter, but the progressive instantiation of
phase into persistent records—records capable of being inherited, shared, compared, and sustained
across interacting systems.

Importantly, the UTT framework does not introduce new dynamical laws. Rather, it reorganizes
established physical principles into a unified ontological structure in which temporal order arises
naturally from two coupled asymmetries integrated into a single scale-recursive mechanism for the
emergence of time: the constraint-induced selection of phase configurations at formation, and the
entropic redistribution that renders those configurations irreversibly embedded within relational
history.

Crucially, entropic dispersion itself presupposes the prior existence of differentiated phase structure
capable of being dispersed. Entropy cannot generate temporal directionality from an undifferentiated
state alone. Before irreversibility can emerge through dispersion, there must first exist an
asymmetrical formation process that selects, stabilizes, and differentiates admissible phase
configurations from the formally timeless space of global coherent possibility.
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Before a multiplicity of accessible microstates and the asymmetry associated with entropic
irreversibility can arise, symmetry must first be broken at the level of phase selection within the
underlying probability space, establishing a constrained domain of physically admissible
configurations. This initial asymmetry operates at the level of amplitude structure, selecting viable
phase relations prior to their stabilization into observable form. In this sense, the first directional bias
underlying time does not emerge from entropy itself, but from the coherence-conditioned restriction
of formally permissible phase configurations into realizable oscillatory structure.

Entropic dispersion then operates only after this prior differentiation has occurred. Once stabilized
configurations enter the domain of classical interaction, phase correlations become redistributed
across expanding many-body degrees of freedom, progressively exceeding the retrieval and
coordination capacity of local systems. The resulting asymmetry is therefore not one of existence, but
of accessibility: the underlying correlations remain globally preserved under unitary evolution while
their reconstruction becomes operationally inaccessible within local observational domains.

The thermodynamic arrow of time thus presupposes a deeper asymmetry already embedded within
phase selection itself. Entropy does not originate thermodynamic directionality independently or
without prior structure; rather, it amplifies and stabilizes an asymmetrical structure first established
through coherence-constrained phase realization.

Practical Illustration: Solar Photon to Photosynthesis

Consider a photon emitted from within the Sun. Its trajectory illustrates the full ontological stack
articulated by UTT—from formal Hilbert possibility to thermodynamically stabilized temporal
structure.

1. Hilbert Space (Formal Possibility)
At the most primitive level, physics supplies a global Hilbert space: an undifferentiated manifold of

admissible phase configurations across fields and matter. Hiotal = Hexcitation ® Hincident body, this space
represents the full set of possible configurations within which interactions may occur.

2. Universal Wavefunction (Continuous Phase Evolution)

Within Hilbert space, phase evolves continuously under unitary dynamics: | W(t)) = e Y/ | @),
preserving norm and superpositional completeness. This evolution is formally sufficient, but
undifferentiated—it specifies what can occur, not what becomes physically realized.

3. Coherence-Conditioning Field (®)
Inside the Sun, the photon is formed within a deeper gravitational potential than at Earth. The local

gravitational environment: ® = —GTM, defines the coherence-conditioning field at emission.

4. Admissibility Index (a)
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The gravitational potential determines the admissibility index: a = —%, which encodes the
coherence accessibility permitted under that potential.

5. Formation-Level Indexed Phase Slope & Restricted Coherence Bandwidth
At emission, the photon acquires a phase slope indexed by its local gravitational environment. The

spectral coordinate undergoes a uniform block shift: o’ = Ry- w, where R, = e“8,R, < 1. This
indexing fixes the coherence bandwidth under which the excitation becomes locally resolvable.

6. Jacobian-Indexed Spectral Configuration
The emitted photon carries a formation-imprinted spectral measure:

(J.)’

WY @) = 7= o (&)

Frequency suppression and wavelength expansion remain conjugate under coordinate dilation.
Normalization is preserved: [ | y{*(0") 12 dw’ = [ | Yo(w) 1? dw. Thus conservation and

superpositional completeness remain intact.

7. Monotonic Inheritance (Ordered Succession) & Unitary Propagation

iAt
Once formed, the photon propagates strictly under unitary evolution: ¢(t) =e™ # q;ff’). Phase
increments accumulate relative to the indexed formation state. Ordered succession emerges from the
lawful inheritance of phase under the Hamiltonian.

8. Interaction with a Plant: Entropic Redistribution
Upon arrival at Earth, the photon encounters a leaf. The plant constitutes a mass-bound subsystem

with dense internal degrees of freedom:

« chlorophyll electronic states

« molecular vibrational modes

« protein conformational states

« thermal phonon bath

» surrounding atmospheric environment

Interaction couples the photon’s indexed phase to these internal modes. Entanglement develops, and
the relevant description becomes the composite Hilbert space: Hiotal = Hphoton @ Hiear. Phase
correlations are redistributed across electronic, vibrational, and thermal sectors. At the subsystem
level, this appears as entropy growth: coherence disperses into a statistically irreversible microstate
manifold.

9. Thermodynamic Stabilization
Through photosynthetic processes—charge separation, proton gradients, ATP synthesis, and

molecular construction—the redistributed phase inheritance becomes thermodynamically stabilized.
What began as a phase-indexed excitation is now embedded in persistent biochemical structure. At
this stage, phase inheritance has been converted into irreversible record-bearing physical change.
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10. Relational Stabilization and Operational Time
Across the continuous flux of solar radiation, such interactions occur collectively. Scattering,

absorption, and environmental entanglement mix phase histories into statistically stable ensembles.
Where stabilization succeeds across distributed degrees of freedom, phase inheritance becomes
mutually accessible and redundantly encoded. Operational time emerges at this level as the
thermodynamically stabilized exchange of indexed phase across interacting systems.

UTT and GR as Admissible Descriptive States: equation cascade
Modern physics admits multiple mathematically consistent representations of the same underlying

physical reality. Within UTT, this plurality is formalized by introducing a structured space of
admissible descriptive frameworks, denoted Hgesc, Whose elements correspond to self-consistent
mappings between physical structure and observable quantities—constrained by linearity, unitarity,
conservation laws, and empirical equivalence. These elements do not represent physical states, but
descriptive equivalence classes that encode distinct, internally consistent interpretations of the same
underlying dynamics.

Within this space, General Relativity and UTT may be represented as distinct but admissible
descriptive states: | GR) € Hyesc, | UTT) € Hyesc.

These states are not contradictory or mutually exclusive. Rather, they constitute non-identical
representations of a shared invariant structure, differing only in their ordering of explanatory priority:

e | GR): time is primary, encoded geometrically as proper time T, with phase evolution
parameterized along worldlines.

e | UTT): phase is primary, with time emerging from formation-indexed phase accumulation and
relational comparison.

Parallel Evolution
Each descriptive state evolves internally according to its own formalism:

. . 1
o GR (geometric evolution): dt = -3 1/—guvdx“dx", PR =Wp T

iAt
« UTT (coherence-based evolution): y(t) = e+ §$, dyrr() = wet, we = Ry 0o

Each representation preserves its internal invariants—metric structure in GR, unitary phase evolution
in UTT without requiring modification of the underlying formalism.

Convergence at Observable Structure
Despite their distinct constructions, both descriptions yield the same measurable invariant:

Thus: ¢gr = PuyrT-

217



Observable quantities—frequency shifts, time dilation, and phase accumulation are therefore
representation-independent. The two descriptive states converge necessarily at the level of
measurement. This convergence is not imposed; it is a consistency requirement. Any admissible
description must reproduce the same invariant observables.

Principle of Descriptive Invariance
This section establishes the role of UTT within modern physics as an ontological reordering of the

same invariant structure. Different theories may organize physical content differently, but invariance
means precisely that plurality is physically allowed. Observable reality is therefore not defined by the
particular representation used to describe it, but by what remains unchanged across all admissible
descriptions. Invariants—phase differences, frequency ratios, action integrals—constitute the
irreducible content of physical law precisely because they persist under all valid transformations of
description. Ontology must therefore not be built on the form of representation, but on the structures
that survive its reorganization. It is these invariant relations that define what is physically meaningful
while descriptive frameworks merely provide different coordinate systems through which that
meaning is expressed.

General Relativity and UTT exemplify this structure. Both encode the same empirical content—
gravitational redshift, frequency scaling, and phase accumulation, yet differ in interpretive hierarchy.
GR treats time as fundamental, with proper time Tt indexing physical evolution. UTT, by contrast,
derives temporal structure from constrained phase evolution, treating time as emergent from the
stabilization and accessibility of phase. The distinction is therefore not predictive, but explanatory: GR
describes how time behaves, while UTT explains how time arises.

This distinction becomes clearer when viewed through the historical development of the action
principle. Originally formulated without reference to quantum phase, the action S later acquired
deeper significance through the relation: W ~ e'S/%, as recognized in the early development of
quantum mechanics by Paul Dirac (1933) and later formalized in the path integral formulation by
Richard Feynman (1948). From this perspective, stationary action can be understood as a necessary
condition for coherent phase accumulation.

This action reveals a deeper structural fact. Invariant quantities do not distinguish between
admissible descriptions. Whether expressed geometrically (as in GR) or through coherence-
conditioned phase evolution (as in UTT), the same conserved structures—action, phase
accumulation, frequency ratios, and empirical predictions—are preserved. The apparent duality is
therefore not physical, but representational.

Measurement makes this constraint explicit. Observation does not resolve which description is
“correct,” because empirical analysis does not access the description itself. It accesses only the
invariant content shared across all admissible frameworks. Observable quantities—phase differences,
frequency ratios, action integrals are defined precisely by their independence from representation.
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Observation therefore acts as a projection onto representation-independent structure, selecting what
must remain consistent across all valid descriptions.

Descriptive plurality is thus not a deficiency, but a consequence of structural completeness. Multiple
internally consistent frameworks can coexist because they encode the same invariant relations in
different forms. The role of observation is not to arbitrate between them, but to enforce agreement
on physical content. Where descriptions differ, they do so only in how they organize or interpret that
content—not in the content itself.

This establishes the purpose of UTT. It does not modify the invariant structure of physics, but
reorders its interpretation, elevating phase to a primitive role and treating time, through the action,
as an emergent consequence of constrained phase evolution. The bridge between GR and UTT is
therefore not one of replacement, but of reinterpretation: both preserve the same invariants, but
differ in what they take as fundamental.

Invariance does not demand a single description—it permits many. The significance of UTT is not
that it changes what is observed, but that it explains why those observations take the form they do.

Multiple valid descriptions of the same reality are not exceptional; they are expected whenever
physical law is defined through invariant structure. This plurality is a well-established feature of
modern physics. Quantum systems, for example, admit both wave and particle descriptions;
interference and diffraction phenomena are captured through wave dynamics, while detection events
are described in terms of discrete quanta. These are not competing realities, but complementary
representations of the same invariant content.

Invariance does not demand a single description—it permits many. Multiple valid representations of
the same physical reality are expected whenever laws are defined through invariant structure. The
Schrédinger and Heisenberg formulations—associated with Erwin Schrédinger and Werner
Heisenberg provide mathematically distinct descriptions in which either states or operators evolve,
yet both yield identical observables despite differing in formal organization.

In each case, the underlying physics is preserved through invariants while the descriptive framework
determines how that structure is expressed. UTT extends this principle: it does not alter the invariant
content encoded by General Relativity, but reorders its interpretive hierarchy, treating phase
coherence as primitive and temporal structure as emergent.

Bringing UTT'’s Logical Arc Closer to Subjective Time Experience
Perhaps the most rewarding consequence of UTT's preceding ontology is that it ultimately extends

seamlessly to lived experience itself. While this section arrives near the end of the manuscript, its
placement is structurally appropriate: only after coherence formation, unitary inheritance, entropic
stabilization, and relativistic comparison have been well established can the subjective experience of
time be approached with sufficient foundation.
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In this sense, the human experience of temporal flow is not treated as philosophically separate from
physics, but as an extension of experiential expression of the same layered emergent processes
developed throughout the theory. What began as formally timeless coherence evolves through phase
selection, stabilization, inheritance, and relational comparison into the ordered experiential continuity
recognized as memory, succession, anticipation, and lived duration.

The logical arc of UTT therefore closes with a meaningful continuity between physical law and
conscious temporal experience. The progression from coherence dynamics to subjective temporality
is the natural culmination of the layered ontology developed throughout the manuscript.

What makes this stage particularly significant is that the abstract machinery of the theory finally
becomes recognizable within ordinary experience. The same asymmetries governing phase selection,
stabilization, inheritance, and irreversibility at physical scales ultimately manifest as the psychological
continuity through which human beings experience temporal order itself.

This section returns UTT to perhaps its most important explanatory objective: the reconciliation
between fundamental physics and the scale of everyday temporal experience. Carlo Rovelli and the
philosopher Mauro Dorato have both emphasized that any adequate account of time must ultimately
remain consistent with the structure and scale of ordinary experience [Rovelli 2018; Dorato 2013]. A
theory of time that cannot account for the way temporal order is encountered in lived experience
leaves an essential aspect of the phenomenon unexplained.

At the same time, a theory that dissolves time entirely risks explaining away the very phenomenon it
set out to understand. The task is therefore not simply to deny the existence of time, but to explain
how the experience of temporal passage arises from deeper physical processes.

A natural objection therefore arises at this stage—one that a careful and intellectually engaged
reader may raise with conviction: “But I feel time passing. Proper time along my worldline is directly
experienced. Isn't that first-principles contact with time itself?”

UTT honors this intuition. The lived experience of irreversible progression cuts directly to the heart of
what UTT seeks to understand because it confronts the immediacy of temporal experience. The
sense of temporal passage is one of the most intimate features of the human experience, and any
theory of time must ultimately account for it. The question, then, is not whether temporal order is
experienced, but what physical processes make that experience a reality. Does the sensation of time
reflect direct contact with a fundamental temporal entity, or is it the macroscopic manifestation of
deeper dynamical processes through which ordered change becomes perceptible?

UTT approaches this challenge by identifying the physical structure from which temporal experience
emerges. Rather than treating time as a fundamental dimension through which systems evolve, UTT
interprets temporal experience as the perceptual trace of coherence-regulated phase evolution

unfolding across the entropic degrees of freedom that constitute the observer. In this sense, time is
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not eliminated but reconstructed: the ordered succession of experiential states generated by the
evolving phase relations of nested coherence systems.

In conventional quantum mechanics, the evolution of a physical system is written as: Yi(t) = e"lHTt Yo
In this expression, time appears as the parameter that advances phase. The state of the system
evolves as the Hamiltonian generates a continuous rotation of phase through time. From this
perspective, phase is the quantity that actually evolves; time simply indexes that evolution.

When the interrogation of time is extended toward the scale of lived experience, UTT models the
human observer as a permissive subsystem embedded within the broader Hilbert space of admissible
phase configurations. In this representation, the observer is not treated as an entity external to
temporal structure, but as a nested coherence architecture arising through the same constraint-
governed processes developed throughout the theory.

The human organism may therefore be understood as a permissible expression satisfying the
constraints of UTT's fourfold indeterminacy within General Relativity formalism—invariant spacetime
interval, action principle, dual mathematical representations, and non-unique empirical realization.
Within this framework, the observer emerges as an organized hierarchy of oscillatory coherence
subsystems whose local phase dynamics remain physically coupled to larger external coherence
structures operating across biological, planetary, and cosmological scales.

At every level, the human subsystem exists relationally within broader governing phase
environments. Distributed biochemical life-support systems operate semi-autonomously yet
coherently, forming an integrated hierarchy of dynamically coupled oscillatory processes that
collectively sustain a singular conscious being while supporting biological succession within larger
ecological and gravitational ordering structures.

Distributed cellular oscillators synchronize against biochemical cycles; neural activity couples through
electromagnetic and metabolic interactions; circadian regulation entrains to planetary rotational
periodicities; nutrient uptake and energy transfer coordinate through chemically mediated timing
networks; and physiological regulation emerges through continual synchronization across interacting
subsystems. What appears macroscopically as a unified organism is therefore sustained through the
persistent coherence of innumerable locally interacting phase based processes.

The organism consequently functions as a nested coherence architecture continuously regulated
through interaction with larger external phase-ordering environments. Local physiological timing
emerges through persistent synchronization embedded across multiple scales of internally and
externally coupled oscillatory structure, linking cellular, neurological, ecological, and planetary
rhythms into a single dynamically stabilized temporal system.

Within UTT, conscious temporal experience emerges from this layered relational embedding.
Subjective continuity arises as locally stabilized phase inheritance becomes recursively integrated
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across interacting subsystems capable of sustaining memory, anticipation, synchronization, and self-
referential comparison. The experienced flow of time therefore emerges from the ordered
coordination of nested phase relationships distributed across multiple scales of coherent interaction.

In this sense, the human observer represents a complex manifestation of a dynamically stabilized
subsystem through which the larger coherence architecture of time becomes locally self-comparable
and experientially accessible.

The Human as a Nested Coherence Field System
Within UTT, a human being is neither a classical object nor a fundamental quantum system, but a

nested coherence field system—a quasi-quantum architecture composed of hierarchically coupled
subsystems whose phase dynamics remain partially coherence-adaptive.

The designation “quasi-quantum” is precise. It does not assert that humans are quantum systems in
the sense of elementary particles, but that they operate under the same coherence-selection logic
that governs quantum behavior transposed onto stabilized, multi-scale organic and cognitive
architectures. Quantum systems are coherence-dominant; classical systems are decoherence-
dominant. The human organism occupies the intermediate regime, where coherence continues to
structure internal dynamics even as decoherence enforces macroscopic persistence.

At the foundation of this framework lies a critical distinction: coherence fields are not quantum
states; they are the structuring conditions that make quantum-like states possible. A human system
does not emerge as an isolated entity, but as a stabilized local expression of coherence within a
broader coherence field. It does not define its own coherence conditions; it inherits them. Its
existence is therefore relational from the outset—embedded within a hierarchy of constraints imposed
by larger-scale fields while simultaneously sustaining internal structure through its own nested
coherence subsystems.

These subsystems do not generate coherence in isolation; they selectively stabilize and propagate
coherence within the bounds set by the enclosing fields. In this sense, the organism is both
constrained externally and supported internally—its admissible configurations delimited by larger
coherence structures, and its persistence maintained by internally coupled coherence processes.

This structure becomes decisive when viewed through the lens of temporal experience. What we
experience as the irreversible progression of time is not an abstract parameter imposed upon the
organism, but the lived consequence of coherence being continually stabilized and redistributed
across this nested architecture. Each moment is not merely perceived—it is constructed, as phase
relations are stabilized into record-bearing structures across interacting subsystems. Memory,
perception, and anticipation arise from this ongoing process of phase inheritance and coordination.

Irreversibility, in this context, is not an external constraint but an internal necessity. As phase
correlations propagate through the organism and into its environment, they become distributed
across an expanding network of degrees of freedom. Reconstruction would require coordinated
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access across this entire network—an impossibility within the organism'’s accessible coherence
bandwidth. The result is the felt asymmetry of time: a forward accumulation of stabilized states that
cannot be reversed, only extended.

The human system therefore does not simply exist in time—it participates in its continual
construction. Its nested coherence structure stabilizes phase locally, while its interactions distribute
that structure across broader relational networks. Temporal experience is the subjective interface of
this process, where the global dynamics of phase and entropy are realized as the continuity of lived
progression.

In this sense, the human organism is not merely a witness to time’s arrow—it is one of its active
carriers. The irreversibility we experience is not an illusion, nor a purely thermodynamic artifact, but
the direct manifestation of how coherence is constrained, stabilized, and made inaccessible to
reversal within a multi-scale, entropically coupled system.

The Human Coherence Field
Within this nested coherence-field architecture of phase creation, emission, transfer, and comparison,

the human organism is best understood as a coherence-stabilized island embedded within a
cascading hierarchy of larger coherence fields. Its apparent unity of evolution emerges from the
persistent synchronization of innumerable interacting oscillatory processes operating across multiple
self-organizing coherence domains spanning molecular, biological, environmental, and gravitational
scales.

What appears macroscopically as a singular evolving being is therefore the dynamically stabilized
expression of deeply layered phase coordination occurring across nested systems of interaction.
Cellular regulation, neural synchronization, metabolic exchange, circadian entrainment, ecological
coupling, and gravitational ordering all participate in maintaining the organism’s coherent temporal
continuity across successive states of inheritance and adaptation.

The stability of conscious experience therefore depends upon the continual maintenance of coherent
phase relationships within and across these nested systems. Local physiological order is sustained
only through ongoing exchange with broader governing coherence environments, linking the
individual organism to larger ecological, planetary, and cosmological phase structures. In this sense,
the human observer does not stand apart from the temporal architecture of nature, but exists as one
localized expression of its recursively organized coherence dynamics.

More precisely, the human organism may be understood as a quasi-quantum coherence system
whose internal degrees of freedom remain partially coherence-adaptive, even while embedded within
higher-order decoherence constraints that delimit what can persist at macroscopic scales. Biological
stability is therefore not the elimination of dynamical possibility, but the regulated persistence of
coherence across interacting levels of organization.
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At the quantum level, physical systems evolve across a superpositional manifold in which multiple
configurations remain formally admissible, while only a constrained subset stabilizes through
interaction. The human organism operates under an analogous principle transposed across scales: its
internal dynamics continuously explore a space of potential physiological, neurological, metabolic,
and behavioral configurations, while internal and external constraints selectively stabilize those
capable of coherent persistence.

In this sense, the human system functions as a coherence-selecting structure, like a quantum system
resolving into admissible states under constraint. Yet unlike isolated quantum systems, this
stabilization unfolds recursively across nested biological and environmental hierarchies where
coherence must be continuously sustained against the dispersive pressures of decoherence, entropy,
and environmental fluctuation.

The conscious awareness of temporal continuity therefore emerges as the dynamically stabilized
inheritance of phase-based coherence organization sustained across interacting scales of self-
organizing structure. Subjective experience is not generated by a singular clock hidden within the
organism, but by the persistent coordination of innumerable coupled oscillatory processes whose
coherent inheritance allows ordered continuity to persist across successive states.

The persistence of subjective identity thus becomes inseparable from the organism’s capacity to
maintain recursively ordered phase relations within an ever-changing coherence landscape. Memory,
anticipation, physiological regulation, perception, and self-reference collectively arise from the
sustained stabilization of internally inherited phase structure against continual environmental
perturbation. What is experienced instinctively as the “flow” of time is therefore the lived expression
of coherence-maintained succession unfolding within a nested hierarchy of interacting phase systems.

From this perspective, what we call experience is not the passive passage of time, but the continuous
re-stabilization of internal coherence states under externally imposed constraints. The organism does
not move through time; it tracks the progressive resolution of coherence across its internal hierarchy,
stabilizing admissible configurations into sequences that can be retained, coordinated, and extended.
Each moment reflects a selection event—the resolution of coherence into a configuration capable of
persistence.

The causal structure of this process lies beyond the organism itself. External coherence constraints
define the admissible domain of internal stabilization, thereby inducing an asymmetrical condition
that breaks the symmetry of otherwise undifferentiated configurations. In the absence of such
constraint, all configurations remain equally admissible; no basis exists for selection, stabilization, or
ordered succession. Constraint introduces differential accessibility, reweighting the space of possible
configurations and determining which can be realized, sustained, and sequentially resolved.

The organism does not generate this asymmetry—it responds to it. Through its nested subsystems—
biochemical, neural, and cognitive—it selectively stabilizes those configurations that remain viable
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under the imposed constraints. In this sense, the organism functions as a coherence-filtering and
coherence-stabilizing system, translating external asymmetry into internally ordered structure.

The result is what we recognize as experience: a continuous process of comparative coherence
resolution unfolding within a hierarchically structured field environment. At every moment, the
organism is engaged in ongoing evaluation and stabilization across competing internal and external
phase conditions. Incoming sensory structure, inherited memory states, physiological demands,
environmental constraints, and anticipatory projections are continuously compared against one
another within a dynamically evolving coherence landscape.

Each stabilized configuration represents a resolved state selected from a broader domain of
admissible possibilities under prevailing constraint conditions. Successive resolutions do not arise
randomly, but through an ongoing process of constraint-guided comparative selection in which
certain phase configurations achieve sufficient coherence compatibility to persist, integrate, and
propagate forward into subsequent system states.

Lived experience therefore emerges as a continuously updating sequence of stabilized relational
decisions distributed across nested biological and cognitive scales. Perception, attention, memory
consolidation, emotional weighting, behavioral adaptation, and conscious deliberation all participate
in this recursive comparative process, continually selecting and reinforcing coherent trajectories from
among competing admissible configurations.

Experience is therefore not a passive recording of externally given events, but the active construction
of ordered continuity through ongoing coherence-guided resolution. The apparent flow of subjective
time reflects the continuous succession of stabilized comparative states through which the organism
recursively organizes itself within an ever-changing relational field environment.

Time, as lived, is therefore not fundamental, but reconstructed through successive acts of
stabilization. It is the emergent measure of stabilized configurations, arising from the coupled
interaction of co-dependent coherence fields. These fields collectively sustain the biologically bound
succession of coherence-structured states, while their progressive resolution gives rise to the ordered
continuity we interpret as temporal flow. What appears as duration is, in effect, the accumulation of
stabilized coherence across interacting scales, each layer inheriting and transforming the phase
structure of the last.

Within this process, meaning does not precede structure—it emerges with it. As coherence resolves
across an expanding entropic manifold of lived configurations, certain patterns achieve persistence
through reinforcement, coordination, and accessibility. Meaning is therefore not imposed upon
experience, but co-generated with structure, arising wherever coherence is sufficiently stabilized to
be retained, related, and reactivated across states. In this sense, meaning is the relational continuity
of stabilized coherence across the organism’s evolving configuration space.
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A fundamental asymmetry follows. Non-biological systems, even those with vast degrees of freedom,
tend toward energetic equilibration, progressively exhausting accessible configurations without
generating new admissible pathways. The human system, by contrast, does not merely dissipate
within this progression. Through internally coordinated dynamics—perception, memory, cognition—it
re-stabilizes coherence in novel configurations, effectively introducing new pathways of persistence
within the expanding entropic landscape. Each act of perception and cognition is therefore not merely
reactive, but generative, extending the space of what can be stabilized.

In this sense, entropy is not simply a unidirectional drift toward disorder, but a dynamic substrate
modulated by coherence selection. The human organism participates in this modulation, continuously
reshaping the space of what can be stabilized, retained, and carried forward. Time becomes
expressible where coherence resolves into ordered succession; meaning becomes possible where
coherence is renewed and extended across states.

Irreversibility is intrinsic to this process. As stabilized configurations propagate across the organism
and into its environment, they become distributed across an expanding network of degrees of
freedom. Reconstruction would require coordinated access across this entire network—far exceeding
the system’s accessible coherence bandwidth. What is lost is not phase itself, but access to previously
stabilized configurations giving rise to the irreversible character of lived time.

Each lived moment is therefore not merely observed, but reconstituted—an active reconstruction of
coherence within constraint. The human being is not an external witness to time's passage, but a
coherence-structured system through which time becomes physically instantiated, moment by
moment, through the continual stabilization, selection, and renewal of phase within an evolving field
of interaction.

The Human Observer as a Coherence-Constructing System
When the analysis of time is extended to the scale of lived experience, the human observer can no

longer be treated as an external reference or passive recorder. Within UTT, the observer is
understood as a physical subsystem embedded within the same coherence-conditioned logical
architecture that gives rise to time itself. Observation is not detached from temporal structure; it is
one of the mechanisms through which temporal structure becomes operationally accessible within
nested systems of phase interaction.

Within this framework, comparability becomes foundational to conscious experience. The organism
continuously evaluates present states against inherited memory structures, environmental
constraints, and projected future configurations. These comparative processes drive motivation,
adaptation, and directed behavior toward preferred future states while locally stabilized
configurations are continuously selected, reinforced, and integrated into coherent succession.

The observer therefore exists within a hierarchy of nested coherence fields in which phase relations
are continually created, transferred, compared, stabilized, and inherited across interacting biological
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and environmental scales. Conscious awareness emerges from this recursive process of coherence-
guided comparison, where internally maintained phase structures are persistently updated against
external relational conditions.

Experience thus becomes the lived expression of ongoing coherence resolution within a dynamically
evolving field environment. Temporal continuity is not passively observed by the organism; it is
actively constructed through the continual stabilization and comparison of locally inherited phase
relations across nested coherence architectures.

A human being is not a single oscillator, a single clock, nor an isolated excitation within a coherence
field. It is a nested coherence system—a hierarchically organized ensemble of interacting dynamical
processes spanning multiple physical scales. These include biochemical cycles regulating molecular
activity, cellular processes maintaining internal order, organ-level rhythms coordinating physiological
function, neural oscillations integrating perception and memory, and higher-level cognitive dynamics
capable of abstraction and anticipation.

Each of these subsystems carries its own evolving phase structure. The organism as a whole
maintains coherence—not through uniformity, nor by reference to any single clock, but through the
continuous coordination of phase across scales—a process sustained by interaction among its
constituent subsystems and continually negotiated along its worldline within an evolving
environment. Coherence, in this sense, is not given; it is achieved and maintained through ongoing
alignment.

This coordination is the condition of survivability. The organism persists only insofar as it can stabilize
compatible phase relations across its internal hierarchy, allowing energy, information, and structure
to propagate in an ordered and mutually reinforcing manner. The human system therefore operates
as a coherence-integrating structure, continuously aligning internal phase relations while remaining
dynamically coupled to external constraints.

Crucially, this coherence is neither uniform nor static. It is actively sustained through interaction.
Environmental inputs—light cycles, temperature gradients, chemical exchange, and sensory signals—
continuously couple into the organism’s internal dynamics, modulating and reshaping its phase
relationships. The human system is therefore not an isolated island of coherence, but relationally
embedded, maintaining coherence through continual exchange with its surroundings.

This relational embedding has direct consequences for temporal structure. What we experience as
perception, memory, and anticipation arises from the organism’s capacity to stabilize, retain, and
compare phase relations across its internal subsystems. Perception corresponds to the real-time
stabilization of incoming phase structure; memory to its retention; and anticipation to the projection
of stabilized patterns into future admissible configurations. These are not abstract cognitive
functions; they are coherence operations performed within a nested dynamical system.
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Irreversibility emerges naturally within this architecture. As phase relations are stabilized and
distributed across interacting subsystems—and further expressed into the environment—they become
encoded across an expanding network of degrees of freedom.

The observer is therefore not merely a participant in time, but a coherence-constructing system
through which time becomes physically instantiated. Each act of observation corresponds to the
stabilization of phase into record-bearing structure; each memory to the retention of that structure;
and each interaction to its redistribution across a broader relational field. Temporal experience is thus
the local expression of globally preserved phase, rendered accessible through the organism’s capacity
to stabilize and coordinate coherence under constraint.

Whereas in General Relativity time is operationally accessed through geometric invariance and the
assignment of dt?, within UTT the observer participates directly in the ongoing construction of
temporal structure itself. Time, as experienced, is not understood as motion through a preexisting
flowing dimension nor as a local distortion of an independently existing temporal substrate. Rather, it
emerges through the continual alignment, stabilization, and inheritance of phase relations within and
across coherence-coupled systems.

Under this framework, the observer is not external to the temporal process being measured. The
organism actively participates in the recursive organization of coherent structure through continual
comparison between inherited states, present environmental conditions, and anticipated future
configurations. Temporal continuity therefore arises through the sustained coordination of stabilized
phase relations distributed across nested biological, environmental, and gravitational coherence
fields.

The observer does not merely measure time as a passive witness to external evolution. It contributes
to the construction, maintenance, and extension of temporal order itself through the ongoing
organization of coherence within an evolving relational field of interaction. Subjective temporality
emerges from this continuous process of coherence-guided stabilization, comparison, and
inheritance, through which locally accessible histories are recursively assembled into the ordered
continuity recognized as lived experience.

From Coherence to Record
Coherence alone is not sufficient to produce time. Phase relations may evolve indefinitely, but

without stabilization they remain non-indexed and non-inheritable, incapable of forming ordered
succession. For temporal structure to emerge, phase must not only evolve—it must become
selectively stabilized, retained, and carried forward through transfer across many-body degrees of
freedom. Only through such transfer can phase relations persist beyond their initial realization and
participate in the construction of sequence.

This transition occurs through interaction and thermodynamic redistribution where coherence
encounters constraint and is forced into record-forming configurations. As phase correlations couple
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into an expanding network of interacting subsystems, they are redistributed across accessible
degrees of freedom. In this process, only those configurations that achieve sufficient stability,
redundancy, and cross-system accessibility are retained while the remainder disperse into the
broader entropic background.

What emerges is not merely persistence, but inheritance: phase relations become embedded within
physical structure and transferred across subsystems, allowing successive configurations to be
conditioned by those that came before. Time arises precisely at this interface—where evolving phase
becomes stabilized, distributed, and made accessible across a network capable of sustaining record.

Within the human coherence field, this process unfolds across a dense hierarchy of interacting
degrees of freedom. As phase correlations propagate through biochemical, neural, and physiological
subsystems, they are continually filtered by constraints of stability, compatibility, and accessibility.
Only a restricted subset of configurations achieves reinforcement through repeated coupling, cross-
subsystem alignment, and energetic support. These configurations become anchored within the
system’s structure, transforming transient phase relations into physically instantiated states.

In biological systems, this stabilization takes concrete and measurable form: molecular conformations
that persist beyond initial excitation; synaptic modifications that encode memory; oscillatory neural
patterns that organize perception; and regulatory feedback loops that maintain internal continuity.
Each represents a conversion of distributed phase into localized structure—a transition from potential
to persistence. What was once an evolving relation in phase space becomes embedded within the
organism’s material configuration, accessible for future interaction.

Crucially, this process is highly selective. The overwhelming majority of phase configurations are
dispersed into the broader entropic environment, losing accessibility even as they remain formally
present within the total system. Only those configurations that achieve sufficient stability,
redundancy, and mutual accessibility across subsystems are retained. The organism therefore
operates as a continuous selection mechanism, stabilizing a narrow band of coherence that can
sustain ongoing structure and function.

Through this selection, the organism does more than persist—it accumulates a structured history.
Each stabilized configuration conditions those that follow: internal states inherit prior configurations,
memory encodes past interactions, and ongoing dynamics build upon previously stabilized structures.
This produces an ordered succession of states, not because time flows as an external parameter, but
because phase inheritance is continuously stabilized and extended within the system.

Lived time emerges precisely at this interface between coherence and record. It requires three
coupled conditions: (1) sustained phase evolution across interacting subsystems, (2) sufficient
coherence organization to permit mutual accessibility and coordination, and (3) stabilization of phase
inheritance into persistent, record-bearing structure. Where these conditions are satisfied, the system
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does not merely evolve—it constructs a temporally ordered history, internally accessible and
externally relatable.

Convergence of Coherence and Meaning
At this point, the structure of UTT’s invariant argument resolves into a single continuity. The human

organism, understood as a nested coherence field system, does not stand apart from the principles
that govern physical law—it exists within them and embodies them. The same invariance that
constrains physical description at the fundamental level is expressed within the organism as the
requirement for coherence stabilization across scales. The invariant quantities that unify physical
description—phase relations, frequency ratios, and action are reflected within the human organism as
the structures that must be preserved for persistence, adaptation, and functional continuity.

Human Systems as Operational Analogues of the Action Principle
In this sense, the human system—understood as an ensemble of nested coherence fields (molecular,

neural, cognitive) can be viewed as operationally reflecting the invariance principle. It continuously
selects, stabilizes, and carries forward those configurations that remain viable under constraint. This
ongoing filtration is not arbitrary: it is biased toward configurations that persist with minimal
instability under environmental and internal demands.

This behavior is formally analogous to the principle of stationary action in classical physics, where
admissible trajectories are those for which the action is extremized. The correspondence is not one of
identity but of structural alignment: In physics, stationary action selects trajectories in configuration
space. In human systems, coherence-guided dynamics select trajectories in state space (neural,
behavioral, cognitive).

What is conserved across both is the logic of constraint-respecting selection. The human system does
not realize this not through explicit evaluation of an action integral, but through coherence-mediated
stabilization where phase-aligned patterns are preferentially retained because they minimize internal
conflict and maximize persistence across scales.

Thus, where classical physics encodes stationary action as a formal condition on admissible paths,
the human system realizes an analogous condition through coherence-guided selection, stabilizing
phase relations that can persist, propagate, and integrate across its internal hierarchy.

This same structure appears when considering the interaction between external constraints and
internal dynamics. The convergence of external and internal coherence fields is not an abstract
intersection, but a dynamical resolution process: External constraints define the domain of admissible
configurations (physical environment, social structure, informational inputs). Internal dynamics
respond by stabilizing those configurations that can be integrated into the system’s existing
coherence structure. The result is not merely ordered behavior, but record-bearing structure—
patterns that can be retained, recalled, and propagated.
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What emerges from this process is something deeper than adaptation: Temporal sequence itself.
Each stabilized configuration becomes the initial condition for the next, forming a chain of states that
inherit from one another under constraint. This produces a directed succession, not imposed
externally, but arising from the iterative resolution of coherence under constraint.

In this sense, the human coherence field behaves analogously to a localized excitation within a
broader coherence field: It absorbs constraints; resolves them through internal dynamics; and emits
stabilized configurations that persist into subsequent states. This is precisely the structure required
for the emergence of time as ordered succession.

The analogy can now be stated precisely: The human system does not compute the action integral—
it enacts its logic. It selects trajectories by coherence-constrained stabilization, yielding sequences
that are viable, persistent, and ordered.

Human Coherence as the Manifestation of the Action Principle
This selection-under-constraint structure frames the human system as an operational analogue of the

action principle, expressed as a nested, wavefunction-like coherence system evolving through the
accumulation and stabilization of phase-like relational structures across its internal hierarchy.

These phase-like structures manifest across scales. Molecular transitions provide the fundamental
stability and energy-efficient state changes required for persistence. Neural synchronization enables
coherent signal integration across distributed networks. Cognitive pattern formation supports
abstraction, prediction, and internal consistency. Behavioral stabilization produces externally
observable persistence and adaptive continuity.

What unifies these layers within their shared physical substrate is their functional role. Each encodes
relative ordering, alignment, and compatibility under constraint serving as an effective carrier of
phase-like coherence dynamical logic forward throughout the system.

Across scales, these layers converge on a single function: the stabilization, integration, and
propagation of coherence-compatible structure under constraint. What differs is the form; what
persists is the function—coherence selecting and phase-based stabilizing structure that can endure.

In this sense, these structures act as the distributed expression of phase within a nested human
coherence field. Structured alignment corresponds to coherence retention, while dispersion across
degrees of freedom corresponds to entropic redistribution. Coherence reorganizes phase-like
structure into stable relations. Entropy disperses it across accessible configurations.

The human system operates at the interface of both, continuously stabilizing alignment while
accommodating dispersion. What appears across scales as molecular change, neural firing, or
behavioral adaptation is, at root, the redistribution and stabilization of phase-like coherence under
constraint.
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In formal physics, the action: S = [ L dt, governs admissible trajectories, with physical evolution
selecting paths for which the action is stationary. This selection is equivalently encoded in phase,

where: ¢ = %, and evolution proceeds through the coherent accumulation of phase.

Within UTT, this is not invoked literally at every scale, but operationally. The human system is not
assumed to compute or track physical phase in the strict quantum sense; rather, it operates over
phase-like coherence relations—patterns of alignment, synchronization, and constraint-consistent
organization that play an analogous role within a nested hierarchy of interacting subsystems.

The human organism, as a nested coherence field, enacts this phase-like accumulation structure
dynamically. It continuously accumulates relational structure through interaction with its
environment—sensory input, internal dynamics, and external constraint forming an evolving
coherence landscape.

However, this accumulation is not indiscriminate. Only those configurations that remain coherent
under constraint—those capable of being stabilized, integrated, and propagated across the system’s
internal degrees of freedom are retained and carried forward. In this sense, the system performs a
continuous selection over coherence histories, preserving only those trajectories whose accumulated
structure remains: self-consistent, dynamically admissible, and persistent across scales.
Configurations that fail to meet these conditions do not persist; they dissipate, fragment, or are
overwritten by more stable configurations.

This process constitutes an effective realization of stationary action, not through explicit formal
extremization, but through coherence-guided accumulation in which only those trajectories
compatible with constraint, stability, and persistence are permitted to propagate across interacting
systems.

The analogy can now be stated more precisely: in physics, stationary action selects admissible
trajectories through phase space according to constraint-consistent extremal structure. Within the
human system, coherence-guided dynamics similarly select admissible trajectories through nested
fields of coherence-constrained logical space. What is preserved across these scales is not the literal
numerical value of phase itself, but the persistence of relational structures capable of maintaining
coherence under evolving constraint conditions.

The human system therefore does not calculate the action in any explicit mathematical sense; rather,
it enacts the consequences of the same underlying selection principle through lived biological and
cognitive processes. At every scale, the organism continuously stabilizes only those coherence
trajectories capable of persistence within the surrounding field architecture. Physiological regulation,
perception, memory consolidation, behavioral adaptation, and conscious deliberation collectively
function as recursive processes of coherence-guided trajectory selection operating within dynamically
changing constraint landscapes.
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In this sense, lived experience may be understood as the embodied realization of a generalized
stationary-action principle extended across nested coherence hierarchies. The organism persistently
resolves toward trajectories capable of maintaining relational stability, coherence inheritance, and
adaptive continuity under constraint. What formal physics encodes abstractly through stationary
action emerges biologically as the continuous stabilization of admissible coherence pathways through
time.

Human-as-Action-Principle Framework
The human system can be understood as an operational manifestation of the action principle through

the continuous selection, stabilization, and extension of coherence-compatible configurations under
constraint. What formal physics encodes as stationary action, the human organism realizes as a lived
process of coherence-guided selection in which only those trajectories capable of persistence are
retained. Yet this process does not end at stabilization. Coherence, once stabilized, is carried forward
and dispersed across expanding degrees of freedom, becoming irreversibly embedded as molecular
change, neural encoding, and behavioral adaptation. In this way, the human system does not merely
select viable configurations—it propagates them into persistent structure, translating localized
coherence into distributed record. The fulfillment of the action principle, in lived systems, is therefore
not only the selection of admissible trajectories, but their extension into entropic embedding where
stabilized coherence becomes enduring structure and structure becomes the basis for continued
succession.

At this boundary, the role of invariance becomes fully explicit. Physical law does not privilege a single
descriptive framework; rather, it constrains what can persist consistently across all admissible
descriptions. Likewise, the human system does not generate arbitrary structure, but continuously
stabilizes only those configurations capable of maintaining coherence under prevailing constraint
conditions. In both domains, the governing logic is fundamentally the same: invariant structure
underlies interpretation and selection, persistence is the signature of physical admissibility, and
temporal order emerges through continual comparison between inherited past states, present
stabilization conditions, and projected future configurations.

Within this process, the past corresponds to progressively decohered and stabilized relational
structure—accumulated configurations whose accessibility has become irreversibly embedded within
inherited records. The future remains a domain of partially admissible possibility constrained by
present coherence conditions, while the present functions as the active boundary of comparative
stabilization where the accumulated history of realized states serves as the evaluative basis for
selecting viable future trajectories capable of coherent persistence.

Time, in this sense, is neither a detached flowing dimension nor a static geometric block, but the
ordered accumulation of comparative differences across evolving coherence states. The same
invariant logic governing admissible trajectories in formal physics reappears within lived biological
process as the continuous stabilization of coherence-compatible pathways under constraint. This is
the deeper structural continuity linking formal physics and conscious experience: both are governed
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by the selective persistence of admissible relational structure across evolving domains of constraint,
comparison, inheritance, and stabilization.

Viewed through this lens, the action principle finds its natural place. It reflects a deeper structural
feature of physical reality itself: the laws of nature admit multiple mathematically equivalent
descriptions, yet only those relational configurations capable of coherent persistence remain
physically realizable across evolving constraint conditions.

Within UTT, this principle may be understood as an invariant coherence-selection logic embedded
within the structure of physical law. Admissible configurations continuously reorganize toward
coherent, self-consistent states capable of persistence across interacting scales of constraint,
comparison, and inheritance. What survives is not arbitrary possibility, but structurally stable
relational organization.

In formal physics, this organizing principle appears through stationary action, where admissible
trajectories in phase space are selected according to invariant extremal structure. Within coherence
dynamics, the same underlying logic manifests as the selective stabilization of phase-compatible
configurations capable of maintaining coherence under evolving environmental and relational
constraints.

The action principle therefore does not stand apart from the emergence of temporal order, but
represents one expression of a deeper invariance principle governing admissibility itself. Across
quantum systems, biological organization, and conscious temporal experience, persistence arises
through the continuous selection of coherence-compatible trajectories within constrained relational
fields.

In the human system, this same principle is realized dynamically as the selection of viable coherence
trajectories—those that can be sustained, extended, and integrated under constraint. The human
coherence field does not solve equations; it filters reality, continuously stabilizing only those
pathways that satisfy coherence and constraint simultaneously. In doing so, it enacts the
consequence of stationary action through coherence-guided selection over evolving relational
structure.

A unified picture now emerges. Invariance defines what must be preserved. Coherence determines
how relational structure becomes stabilized into physically admissible form. Entropy governs how that
stabilized structure is redistributed, inherited, and irreversibly embedded across expanding degrees of
freedom. Together, these three principles participate in the operational construction of time itself.

Within this framework, the human organism functions as a nested coherence-field system operating
simultaneously across all three domains. It continuously resolves potential into structured, persistent
configurations through ongoing comparison, stabilization, and inheritance within dynamically evolving
fields of constraint. Physiological regulation, memory formation, perception, anticipation, emotional
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weighting, and conscious deliberation all participate in this recursive process of coherence-guided
selection and stabilization.

What emerges phenomenologically as consciousness is therefore not a detached observer moving
through a preexisting temporal stream, but a continuously assembled record-forming structure
generated through the active organization of coherent relational states. The organism persistently
integrates inherited past configurations, present stabilization conditions, and projected future
possibilities into a dynamically maintained continuity of experience.

In this sense, consciousness and time construction become deeply intertwined. The construction of
time proceeds through the stabilization of admissible phase relations into persistent comparative
records, while consciousness represents the locally integrated experience of that ongoing stabilization
process within a self-organizing coherence system. The past survives as decohered inherited
structure embedded into memory and environment; the future exists as a constrained landscape of
partially admissible possibilities; and the present functions as the active coherence boundary where
comparative stabilization continuously selects viable trajectories for persistence.

Time, therefore, is not merely something the conscious organism experiences. The organism
participates directly in its recursive construction by continuously transforming coherence potential
into stabilized relational history. Conscious awareness becomes the experiential manifestation of time
under active assembly: the lived continuity arising from the continual organization, inheritance,
comparison, and persistence of coherent structure across nested fields of interaction.

In doing so, it functions as an actionable realization of an ensemble of nested coherence fields, each
negotiating admissible configurations under constraint. This negotiation is governed by the same
structural logic that underlies physical law: only those configurations that satisfy coherence and
invariance conditions can stabilize, propagate, and be retained. What is selected is not simply
behavior, but coherence-compatible structure—configurations that remain dynamically admissible
across scales.

What emerges from this process is not merely history, but structured persistence: a succession of
configurations, each inheriting from prior stabilized states, each shaped by constraint, and each
carrying forward accumulated, coherence-stabilized structure. This is the lived analogue of phase
accumulation under constraint. The organism actively participates in the resolution of potential,
selecting and stabilizing trajectories that remain viable across its internal hierarchy and external
environment.

In this sense, the human system is not simply embedded in physical law—it is a localized enactment
of it. It continuously negotiates potential into structure under the joint governance of: invariance
(what must persist), coherence (how it stabilizes), entropy (how it is distributed and embedded).
What physics encodes as stationary action, the human system realizes as the continuous selection
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and stabilization of coherence-compatible histories. The action principle is not merely a law of
trajectories—it is a law of persistence, enacted wherever structure must stabilize under constraint.

Time, in this framework, is the cumulative expression of resolution under constraint—the ordered
succession of stabilized configurations arising from the interaction of coherence and invariance. In
UTT lexicon: time is the progressive stabilization of phase into record-bearing structure under
asymmetrical constraint where only coherence-admissible configurations can persist and be carried
forward.

Time emerges only when evolving phase structure becomes irreversibly embedded into record-
bearing form. Through thermodynamic redistribution, phase correlations are inscribed into persistent
configurations: molecular transformations, neural encoding, physiological adaptation. These records
are the mechanism of succession itself. They enable the system to carry forward ordered structure,
establishing continuity between states.

What is experienced as temporal flow is the continuity of this ongoing inheritance of stabilized phase
sustained across a coherence-organized system. In this sense, the same structure that governs clocks
governs life. A clock stabilizes phase into measurable periodicity. A living system stabilizes phase-like
structure into persistent, adaptive configuration. Both are expressions of the same underlying
requirement that phase must stabilize into forms capable of persistence, transmission and
comparison.

Time is not a background in which life unfolds. It is the structured consequence of stabilized phase,
inherited and shared across systems. And within this structure, the human system stands as a living
instantiation of the action principle, not calculating trajectories, but actively initiating them through
coherence selection logic; not minimizing action formally, but stabilizing what can persist. Where
physics encodes stationary action as a condition on trajectories, life realizes it as the continuous
selection and propagation of coherence-compatible histories.

Meaning, Time, and the Human Position Within the Coherence Field
Within the broader coherence structure of reality, not all systems participate in time in the same way.

Temporal structure is not uniformly instantiated across all physical systems; it emerges only where
coherence can be stabilized, retained, and carried forward under constraint.

A non-biological entropic manifold, even one with vast degrees of freedom, evolves toward energetic
exhaustion. Its microstate configurations unfold within a finite constraint space, progressively
dispersing into equilibrium. While transient structures may arise through fluctuation and interaction,
they do not introduce fundamentally new pathways beyond those already permitted by initial
conditions and governing constraints. Its evolution is governed by entropy alone—a progressive
redistribution of phase into increasingly inaccessible configurations, yielding convergence toward
maximal dispersion and reduced differentiation. In such systems, structure may appear, but it is not
recursively extended; it dissipates without redefinition of the admissible domain.
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The human system occupies a fundamentally different position. As a nested, coherence-adaptive
structure, the organism does not merely traverse an entropic landscape—it actively participates in
reshaping the conditions under which that landscape evolves. Through the recursive engagement of
coherence within partially decohered states, each act of perception, memory, and cognition
introduces new constraint relationships, subtly altering which configurations can be stabilized,
retained, and carried forward. The domain of admissibility is not fixed; it is continuously
reconditioned through interaction.

A human being does not simply resolve within entropy—it participates in the restructuring of its
unfolding. This is the origin of meaning. Meaning is not imposed upon an otherwise indifferent
temporal flow, nor is it a subjective overlay detached from physical process. It arises directly from
the system’s capacity to introduce and sustain newly stabilized coherence pathways within the
evolving entropic manifold. Each internal state does not merely register change—it contributes to the
redefinition of future possibility, conditioning which configurations remain viable in subsequent
evolution.

In this way, lived time is not the passive experience of succession, but the active indexing of
coherence resolution within a dynamically restructured field. The organism does not move through a
fixed temporal dimension; it participates in the ongoing synthesis of ordered succession, constrained
from above by larger coherence fields and sustained from within by its own nested dynamics.
Temporal continuity is not given—it is constructed through the stabilization and inheritance of phase
across scales.

A fundamental asymmetry therefore emerges. Non-biological systems dissipate within entropy,
progressively exhausting accessible finite configurations. Human systems, by contrast, modulate
entropy through coherence, selectively stabilizing and extending structure within the same entropic
substrate. Time, as lived, is the record of this interaction—the measurable imprint of coherence being
resolved, stabilized, and recursively reintroduced under constraint. It is neither fundamental nor
illusory, but emergent and conditional appearing only where coherence can be retained, transferred,
and sequentially structured.

The human being is thus not an observer of time, but a coherence-structured participant through
which time and meaning become physically expressible within the greater field of reality. Meaning is
the persistence of coherence across states; time is the ordered succession through which that
persistence becomes accessible. Together, they define the human position within the coherence field:
not as passive witness, but as an active site of temporal and structural generation.

Coherence Engines and the Construction of Time
The interpretation developed here suggests that biological organisms function as coherence

engines—systems that synthesize distributed oscillatory processes into stable temporal ordering. The
coherence—phase principle that governs physical clocks reappears in biological systems as a
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repurposed and vastly upscaled mechanism, integrating networks of biochemical oscillators whose
coordinated evolution produces the succession of states experienced as lived time.

In both physical and biological systems, temporal order arise from the stabilization and integration of
phase evolution within oscillatory dynamics. What differs is not the principle, but the degree of
coherence distribution, coordination, and recursive maintenance across scales. Time is not supplied
to the system; it is generated wherever differentiated phase-like configurations can be stabilized into
ordered succession.

In physics, a clock is a coherence system capable of sustaining stable oscillatory phase evolution.
Atomic clocks, for example, operate by stabilizing the phase evolution of electromagnetic oscillations
associated with transitions between quantized energy levels. The operational definition of time
emerges from this stability: phase can be accumulated, indexed, and compared only when coherence
is preserved. Where coherence fails, time cannot be measured.

In this sense, physical clocks and biological organisms share a common structural function. Both
integrate oscillatory processes into coherent dynamical systems whose phase evolution generates
ordered sequences of states. This correspondence is not merely analogical, but structural. Atomic
clocks stabilize a narrow band of oscillatory modes under tightly controlled conditions, minimizing
environmental coupling to preserve coherence and maintain precision. Biological organisms, by
contrast, coordinate vast, interacting ensembles of oscillators across molecular, cellular, and neural
domains, operating under continuous environmental interaction. Where the clock isolates coherence,
the organism manages and distributes it, stabilizing functional structure while accommodating
entropic flux. In both cases, time does not arise from an external parameter, but from the regulated
evolution of phase within a coherence-constrained system—one optimized for precision, the other for
persistence.

From the standpoint of UTT, both systems perform the same fundamental task: they stabilize phase
relations sufficiently to generate ordered succession. Yet biological systems do more than sustain
phase—they continuously renegotiate it under constraint. Coherence is not passively maintained, but
actively re-stabilized in response to internal dynamics and external coherence conditions. This
distinction is critical: whereas a clock isolates coherence, an organism manages coherence within
vastly upscaled entropic complexity.

Biological organisms extend this principle into a regime of extraordinary dynamical richness. Neural
rhythms, metabolic oscillations, circadian cycles, and intracellular signaling networks function as
interacting clocks, whose phase relations must remain sufficiently coordinated to sustain coherent
biological activity. The brain is not a single clock, but a multi-scale phase coordination system,
continuously integrating distributed oscillatory processes into a dynamically coherent architecture.

Within this framework, a critical transition emerges. The brain does not measure time—it generates
the conditions under which temporal succession becomes internally resolvable. The organism
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continuously synthesizes the evolving phases of its internal oscillatory systems into a coherent global
structure. This synthesis does not produce time as an external quantity, but a coherence-resolved
succession of internal states—the generative substrate of lived temporal experience.

At this boundary, the distinction between internal and external time becomes precise. Internally,
coherence generates a continuous succession of stabilized states accessible to the organism as
perception, memory, and anticipation. Externally, time becomes physically expressible only when
interaction induces irreversible decoherence, transforming these internally resolved states into
stabilized records that can be retained, compared, and shared across systems.

Thus, the continuity of lived experience arises from coherence, while the comparability of time arises
from decoherence. Coherence generates succession; decoherence renders it accessible as time. The
former sustains internal continuity; the latter establishes external agreement.

In this unified view, biological organisms do not simply participate in timekeeping—they extend the
principle of oscillatory phase stabilization into a generative domain. Each moment of experience
reflects the ongoing re-stabilization of coherence across a nested hierarchy of oscillatory systems,
constrained by environmental and gravitational fields yet sustained through internal coordination.

Lived time is therefore not imposed upon the organism, but constructed within it. It is the ordered
resolution of phase across a coherence-structured system embedded within a larger field of
constraint. The organism does not receive time—it produces temporal structure by stabilizing
coherence under conditions that permit its persistence, transfer, and inheritance.

Coherence, Entropy, and the Biological Construction of Time
Seen from this perspective, the difference between a physical clock and a conscious organism is not

one of principle, but of scale, coupling, and adaptive complexity. Both systems generate temporal
ordering through the stabilization of oscillatory phase evolution. Atomic clocks construct time through
tightly controlled electromagnetic oscillations, whereas biological organisms construct time through
the coherent integration of vast, interacting networks of biochemical and neural oscillators,
continuously coordinated under constraint.

The coherence-field process proposed by UTT reveals that this shared mechanism reflects a deeper
dynamical principle governing the evolution of the universe itself. As coherent systems interact,
phase is redistributed across expanding degrees of freedom. Entropy, in this context, does not merely
disperse order—it expands the landscape of admissible phase pathways, increasing the
dimensionality of possible configurations while coherence acts as a selective stabilizer, retaining those
configurations capable of sustaining structured evolution.

From this standpoint, the arrow of time is not imposed by thermodynamic consequence alone, but
emerges from the asymmetric interplay between coherence initiation and entropic closure. Coherence
initiates succession by stabilizing phase into ordered, record-bearing structure. Entropy, in parallel,
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enables possibility by expanding the space of accessible configurations opening channels through
which phase relations may propagate and diversify.

Within this expanding landscape, coherence selectively stabilizes those configurations capable of
persistence, propagation, and inheritance constraining possibility into structured pathways. Entropy,
however, does not merely expand—it also disperses and closes access to prior configurations,
redistributing phase across an ever-widening network of degrees of freedom.

The arrow of time is therefore not a consequence of entropy alone, but of the irreversible imbalance
between forward expansion and backward inaccessibility. New configurations continually emerge as
accessible possibilities, while previously realized states become progressively unrecoverable. Time
persists because coherence stabilizes what can continue while entropy renders what has been
inaccessible to reversal.

At cosmological scales, this interaction manifests as the entropic redistribution of phase across
increasing degrees of freedom, generating irreversible succession. Coherence organizes local
structures capable of sustaining oscillatory dynamics—atoms, molecules, stars, and complex
systems—while entropy distributes these structures into ever more expansive networks of interaction.
As these networks grow, new pathways for phase coupling emerge, producing the ordered
succession of configurations we recognize as temporal evolution.

The human organism represents a highly structured, localized expression of this same dynamical
principle. Biological systems do not merely sustain oscillations—they synthesize, coordinate, and
recursively stabilize vast ensembles of phase-evolving processes into coherent networks. Molecular
reactions, metabolic cycles, neural oscillations, endocrine rhythms, and sensory entrainment
processes each evolve through phase, yet the organism integrates these distributed dynamics into a
unified coherence structure capable of sustaining perception, memory, anticipation, and coordinated
action.

Within this framework, the sequential states that define a human life correspond to the evolving
configuration of phase relations across this multi-scale network. The organism continuously re-
stabilizes coherence across its internal hierarchy, generating a coherence-resolved succession of
states that constitutes lived experience. Time, as experienced, is not a pre-existing dimension
through which the organism moves, but the ordered resolution of phase within a coherence-
structured system under constraint.

This biological synthesis mirrors the broader dynamical behavior of the universe. Just as the cosmos
redistributes phase across expanding degrees of freedom, the organism gathers, organizes, and
stabilizes phase across its internal networks. The difference is not in mechanism, but in orientation:
the universe disperses phase through entropy, while the organism locally concentrates and stabilizes
phase within that dispersive field, maintaining coherence against the gradient of increasing entropy.
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The human organism is therefore not merely embedded within time, but constitutes a localized
coherence structure through which temporal ordering becomes internally resolvable. In this sense,
the human system does not simply measure time—it generates the conditions under which time
becomes experientially accessible. Internal coherence produces continuous succession; external
interaction through decoherence stabilizes that succession into records that can be retained and
compared across systems. Coherence generates succession; decoherence renders it time.

Thus, the human condition may be understood as a manifestation of the same fundamental process
that governs the universe and clocks: the structured evolution of phase under constraint. Through
biological coherence systems, the distributed phase relations of the cosmos are gathered, stabilized,
and integrated into the ordered sequence of experiential states we recognize as lived time.

The human organism is not an observer of time, but a coherence-structured system through which
the evolving phase of the universe becomes perceptible as temporal experience.

Phase and Biological Energy—Information Exchange
This perspective is consistent with the biophysics of energy and information exchange in living

systems. In biological organisms, the transport, transformation, and utilization of energy and
information are frequently mediated by oscillatory electrochemical processes whose dynamical state
is naturally described by phase. Neural rhythms, metabolic cycles, and intracellular signaling networks
therefore operate as coupled oscillators whose phase relationships regulate the coordination of
biological activity.

Many mechanisms responsible for biological signaling exhibit oscillatory dynamics. Neural activity
organizes into rhythmic patterns such as theta, alpha, and gamma oscillations. Cardiac pacemaker
cells generate periodic electrical cycles that coordinate the heartbeat. Calcium waves propagate
through cellular tissues to regulate intracellular communication. Each of these processes exhibits
characteristic frequency, amplitude, and phase relationships, and coordination across systems often
arises through phase synchronization.

Phase also plays a fundamental role in the transfer of energy within physical systems. Whenever a
system oscillates, energy exchange depends on phase relations between interacting components.
Electromagnetic energy flow depends on the phase relation between electric and magnetic fields,
resonance phenomena allow efficient energy transfer when oscillators are phase matched, and
coherent phase effects have been observed in excitonic transport within photosynthetic complexes—
evidence for wavelike energy transfer through quantum coherence in photosynthetic systems [Engel
et al. 2007]; and long-lived quantum coherence in photosynthetic complexes at physiological
temperature [Panitchayangkoon et al. 2010]. In such systems, phase is not merely a mathematical
descriptor but a dynamical variable that governs the efficiency and direction of energy transfer.

In neuroscience, phase relationships similarly encode and coordinate information. The timing of
neuronal spikes relative to ongoing oscillatory activity carries information, neurons synchronize to

241



common phase references to enable efficient communication, and interactions between rhythms at
different frequencies organize large-scale cognitive processes. For this reason, many contemporary
models treat neural systems as networks of coupled oscillators whose coordination depends on phase
synchronization, including communication-through-coherence frameworks and large-scale
synchronization models [Fries 2005; Buzsaki 2006].

Within the framework of UTT, this biological reality takes on a broader interpretive role. If biological
organisms regulate energy flow, information processing, and cognitive coordination through coupled
oscillatory systems, then the ordered evolution of those phase relations provides the natural physical
substrate from which temporal experience emerges.

In this view, the brain directly participates in the physical process from which time emerges. Every
cognitive act involves the coordination of phase relationships; every perception reflects the
stabilization of coherence long enough to be registered; every memory is the irreversible imprint left
behind when coherence resolves into structure. Temporal order is not imposed upon these
processes—it is generated by them. The sense of “before” and “after” arises because the mind itself
is a system whose coherence bandwidth is finite, whose phase evolution is constrained by
environmental degrees of freedom, and whose resolutions are cast in irreversible classical events.

This coherence-driven organization is expressed across the brain as a coordinated hierarchy of
interacting oscillatory regimes, through which distributed neural structures integrate, stabilize, and
resolve coherent activity into unified cognitive and behavioral function. Cortical networks synchronize
and desynchronize across frequency bands, subcortical structures modulate stability and transition
thresholds, and sensory systems entrain external signals into internally coherent patterns. At every
level, information is not merely transmitted—it is phase-aligned, stabilized, and selectively resolved.
The brain’s functional architecture thus reflects a continual negotiation between coherence
preservation and coherence loss, balancing integration against differentiation, stability against
adaptability. This negotiation is the physical substrate of cognition itself.

Crucially, this process is inherently unidirectional. Coherence can be sustained, reshaped, or
redirected while it remains unresolved within the domain of internal phase accessibility. Within this
regime, alternative configurations remain viable: a thought can be reformulated, a decision deferred,
a potential outcome reweighted. Coherence, prior to stabilization, retains reversibility within its
accessible configuration space.

However, once coherence is resolved into structural imprint—into synaptic modification, motor action,
spoken word, or environmental alteration—it undergoes entropic inscription. At this boundary, the
system crosses from internal adaptability into externally distributed structure. What was once a
flexible phase relation becomes embedded across a network of degrees of freedom, no longer locally
recoverable in its prior form.
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Memory formation exemplifies this asymmetry. It is not a passive recording of temporal flow, but the
irreversible inscription of resolved coherence within neural structure. The act of encoding distributes
phase into a stabilized configuration that can be accessed and extended, but not reversed. A thought
may be reformulated before it is expressed, but once expressed—whether as neural consolidation,
action, or communication—it cannot be undone. It cannot return to its prior indeterminate state; it
cannot become “unthought.”

This asymmetry defines the experiential arrow of time. What we experience as the passage of time is
inseparable from this relentless process of forward progressive inscription in which coherence
transitions from reversible potential to irreversible structure. The brain does not observe temporal
succession from the outside; it produces succession by resolving coherent potential into lasting form.

Time, in this sense, is the accumulation of myriad irreversible inscriptions—each marking the
transition from what could be to what has become fixed within the entropic fabric of the system.

Within the framework of Coherence Field Theory, the human mind thus occupies a precise and lawful
role. It is neither a detached observer nor an exception to physical constraint. It is a localized
coherence-resolving system, embedded within and coupled to a broader coherence field shaped by
environmental interaction and gravitational constraint. Intention corresponds to structured coherent
potential within this system; action corresponds to its coupling and resolution into the world. The
resulting imprint—whether neural, social, or material is what we recognize as history.

Time, from this perspective, is something the brain underwrites. The ordered succession we
experience as temporal passage is the cumulative record of coherence resolving under constraint,
across neural dynamics, bodily action, and environmental response. In participating in this process,
human cognition becomes a bridge between timeless physical law and lived experience—between
potential and actuality. This is how UTT reconnects time to human affairs: as the emergent signature
of coherence becoming form, written moment by moment through the dynamics of mind, matter, and
choice.

Action is where the coherence—decoherence process becomes physically legible. Each decision,
movement, or utterance constitutes a decoherence event. Intentions arise as structured potentials
within the brain’s coherence dynamics, sustained transiently within a bounded coherence bandwidth.
While unexpressed, these potentials remain formulable—their relative weights can shift, their
configurations can be reorganized, and alternative outcomes remain accessible within the system’s
internal phase space.

When acted upon, however, these potentials couple to environmental degrees of freedom and
undergo entropic redistribution. Phase coherence is no longer locally contained; it is transferred,
dispersed and embedded across a wider network of interactions. The system crosses a boundary
from internally reversible potential to externally stabilized structure. What was once a weighted
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possibility becomes a record-bearing outcome, irreversibly inscribed within both the organism and its
environment.

Possibility does not vanish into parallel realizations; it is reweighted through interaction.
Configurations that are not stabilized, are not realized as alternative histories in other worlds—they
are decohered into the background of inaccessible configurations, no longer available for
reconstruction or continuation within the system’s accessible state space. The outcome that persists
is just one among many coexisting realities—the single configuration that achieved sufficient
coherence to survive coupling under constraint.

In this sense, action is not merely the expression of choice—it is the selection boundary at which
coherence resolves into reality. Each act redistributes phase, fixes a configuration, and closes access
to alternatives that could no longer be sustained. The forward progression of time is therefore
inseparable from this process: the continual conversion of reweightable potential into irreversible
structure.

What follows is not transient. The world retains these resolutions. Footsteps alter ground. Words alter
minds. Choices alter trajectories. What we call history is nothing more—and nothing less than the
accumulated record of coherence resolving into structure across scales. We do not occupy a
preselected branch of reality; we are the branch traced by the irreversible imprint of interaction.
Identity itself is this continuity of imprint—a coherence-structured narrative carved from potential
through action and preserved through memory and consequence.

From this perspective, awareness is the internal legibility of coherence continuously resolving under
constraint. What appears externally as collapse—the selection of a single configuration from a space
of admissible potentials is experienced internally as a definite, present state. Each conscious moment
corresponds to a locally stabilized resolution: a configuration that has survived selection, shed its
alternatives, and now persists as accessible structure within the system.

The alternatives are not realized elsewhere; they are decohered into inaccessibility, no longer
available for continuation or reconstruction within the organism’s coherence bandwidth. What
remains is the configuration that can be stabilized, integrated, and carried forward.

The mind occupies a role structurally analogous to gravitational constraint, functioning as the
terminal arbitrator of otherwise undifferentiated potential configurations. Just as gravitational
potential imposes formation-level asymmetry by selecting admissible phase structure, the mind
introduces a final layer of asymmetry at the level of internal accessibility. It is at this point of
decision in which stabilized configurations are no longer merely persistent, but selected into a unified,
internally comparable structure.

This asymmetry is not imposed from outside the physical process—it arises as its highest-order
consequence. Where formation constrains, evolution stabilizes, and comparison relates, the mind
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integrates. It is the locus at which potential has become structure, and structure has become
meaningfully accessible.

The mind is therefore an active participant to the system. It is the system within which resolved
coherence becomes internally accessible, retainable, and relatable. What survives constraint at
formation and persists through interaction is not complete until it is registered within a structure
capable of comparison. Without such a structure, phase may stabilize and histories may form, but
they do not become integrated into a coherent internal order.

Awareness, in this sense, is the internal presence of stabilized decision points—configurations that
have survived constraint, interaction, and decoherence. These are made accessible through a
continuous internal process of comparative organization in which entropic dispersion suppresses
recoherence while preserving those phase structures capable of persistence and relation.

It marks the point at which constrained phase structure is no longer merely present, but organized
into a relational field within the organism itself. What is experienced as awareness is the system’s
capacity to hold, relate, and continuously update these stabilized configurations as a unified and
internally accessible structure.

In this way, the mind completes the architecture of time. Physical processes render phase
differentiable, stabilizable, and comparable across systems; the mind renders those same structures
accessible within a single frame of integration. Where physics establishes comparability, the mind
establishes coherence of experience, observation and interpretation.

Within this framework, the self may be understood as a bounded superposition of admissible states—
a personal Hilbert space defined by the physically, biologically, and psychologically available ways a
system can think, act, and respond. This space is structured by coherent relations: memory,
intention, learned constraints, and environmental coupling. These amplitudinal configurations are not
static traits; they are continuously reshaped by prior actions and ongoing interactions.

At any moment, the self exists as structured potential—a dynamically weighted landscape of
admissible configurations. Some configurations carry higher coherence support and are more readily
stabilizable; others remain weakly represented or effectively inaccessible. This is the phenomenology
of deliberation: the system does not evaluate a single trajectory, but inhabits a field of competing
configurations, each differing in its capacity to be resolved under constraint.

Action emerges at the point of asymmetry. A decision delimits the field of possibility—it selects
among already admissible configurations, stabilizing one trajectory while suppressing the others. In
this act, potential is not eliminated but reorganized: one configuration is rendered actionable and
realized as physical structure while alternatives recede into unrealized possibility.

Crucially, these alternatives do not vanish; they persist within the possibility space as reweighted
potentials, their coherence support diminished but not erased. Future evolution remains conditioned
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by this residual structure, such that each decision reshapes—not exhausts the landscape from which
subsequent outcomes emerge.

What is experienced as choice is therefore the internal resolution of structured potential. The system
does not move from uncertainty to certainty; it moves from distributed admissibility to stabilized
coherence. The “self” is not a static entity making arbitrary decisions, but the evolving structure
within which this selection occurs—the locus at which competing configurations are weighted,
compared, and ultimately resolved into reality.

Action is the moment this landscape resolves. Each choice is an irreversible decoherence event. In
acting, one subset of possibilities stabilizes into externalized structure—speech, movement,
consequence while others are excluded from realization. These unrealized configurations do not
disappear; they persist as reweighted amplitudes within the coherence field, shaping future
tendencies without remaining physically available. This is why action carries closure: it reduces the
space of admissible futures.

It is precisely through this repeated closure that the lived sense of time arises. Temporal experience
is not delivered as a pre-existing flow; it is generated through the successive resolution of coherent
potential into irreversible structure. Each moment reflects a narrowing of possibility—a transition from
superposed admissibility to stabilized outcome.

In this respect, UTT aligns with relational approaches to temporal ordering: succession emerges from
change, and temporal relations are defined between resolved states. But UTT identifies the
mechanism that produces this ordering. Choice is not merely a correlation between states; it is a
coherence-regulated physical process that enforces resolution under constraint.

Relational frameworks describe how ordered sequences may be reconstructed. UTT explains why
sequences become ordered at all. Each decision reflects a coherence-limited system—biological,
environmental, gravitational—reaching a threshold at which sustained superposition cannot be
maintained. Action is the physical expression of that threshold crossing.

This is why time feels inseparable from personal agency. We do not experience duration because
time flows, but because choice accumulates through irreversible resolution. Each resolved decision
stabilizes a configuration that becomes part of the past—a record that cannot be undone while
simultaneously reshaping the field of admissible configurations ahead within the finite, constraint-
bound dynamics of biochemical coherence.

The future feels open because coherence remains partially unresolved—its internal phase relations
still accessible, reweightable, and subject to selection. The past feels fixed because coherence has
already been distributed and embedded across an expanded network of degrees of freedom,
rendering prior configurations inaccessible to reversal. What we experience as temporal asymmetry is
therefore not imposed externally, but arises from the transition between reversible coherence and
irreversible inscription.
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What we call “now” is the active boundary of this process—the leading edge at which potential has
not yet been stabilized into record. It is the regime in which configurations remain negotiable, where
phase relations can still be reorganized before they are committed through interaction. Each moment
marks the point at which coherence is poised between possibility and closure, before it resolves into
the fixed structure we recognize as the past.

The self, then, is the living record of which possibilities have already resolved, stitched into continuity
by memory, consequence, and embodied change. Identity persists because resolved possibilities
accumulate into structure—into habits, skills, scars, commitments, and character. We are shaped not
only by what we might have been, but by what we have irreversibly become.

To be conscious is to stand at the leading edge of decoherence, where what could be gives way to
what is. It is to experience oneself as the ongoing history written by coherence resolution itself.
Awareness is the inside view of that process—the recognition, thought by thought, that one is the
record of choices already made, even as new possibilities continue to form at the boundary of what
has yet to resolve.

In this way, UTT completes the circle. Time is not an external dimension through which we move,
nor a mere relational bookkeeping of states. It is the physical trace of choice, the emergent order
produced whenever coherence closes into action. Meaning enters because every act of resolution
leaves a mark, and those marks taken together are what we call a life.

Time, then, is not the medium through which history unfolds. Time is the unfolding of history: the
ordered record of resolved coherence. The arrow of time is not imposed from outside the universe; it
is written continuously as futures narrow into facts. Entropy, memory, causality, and meaning all
arise from the same fundamental asymmetry: coherence decays, structure accumulates, and what
was once possible becomes what has been.

We do not traverse time—on it, through it, or within it. We generate time—Ilawfully, continuously,
and collectively by resolving coherent potential into lived reality. This generative process is not
unique to human cognition; it is an expression of the same coherence dynamics that operate at the
most fundamental levels of nature. In UTT, gravitational coherence suppression governs how
quantum phase evolution becomes ordered, how redshift and time dilation arise, and how timeless
structure resolves into temporal sequence. What appears in human agency is a biological
continuation of this process.

At the gravitational scale, coherence is constrained by spacetime curvature: quantum systems
embedded in a gravitational potential experience suppressed phase continuity, producing ordered
decay, redshift, and the emergence of time as a measurable sequence. At the biological scale,
coherence is constrained by metabolism, neural architecture, and environment. The underlying
principle is the same. In both cases, time emerges where coherence becomes finite and resolution
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becomes irreversible. Human cognition does not invent temporal ordering; it inherits and repurposes
it, operating within a coherence field already structured by deeper physical law.

In this sense, each person may be understood as a localized human wavefunction, equipped with a
finite superposition of physically admissible future states—possible actions, trajectories,
commitments, and expressions of self. These possibilities are not abstract imaginings; they are real,
weighted configurations within a coherence field shaped by initial conditions, past resolutions and
present constraints. Personal agency arises precisely here: not as freedom from law, but as the
lawful capacity of a coherence-dynamical biochemical system to steer structured potential toward
expression before it irreversibly resolves. Every action—whether deliberate or habitual is an
asymmetrical decoherence event that selects one outcome from many and writes that selection into
history.

This is why action feels meaningful. At the deepest level, it is because action participates in the same
ordering mechanism that generates time itself. Just as gravitational coherence suppression writes
temporal structure into the universe, personal coherence resolution writes temporal structure into a
life. Every choice is a local contribution to temporal ordering, recorded directly in the coherence field
through irreversible coupling with the environment. Nothing mystical is added; nothing physical is
violated. The same law governs stars, atoms, and decisions—only the scale and substrate differ.

This perspective restores a profound intimacy between physics and meaning. You are not a passive
object swept along by an external current of time. You are an active participant in its generation,
operating at the human scale of coherence field selection logic. Vision, intention, and commitment
shape which possibilities stabilize and which dissolve by acting precisely where coherence is still
negotiable. Direction does not arise because the universe carries you forward; it arises because your
actions imprint structure upon what remains possible, narrowing futures into facts.

The future, then, is not a corridor waiting to be entered, nor a destination waiting to be revealed. It
is a field of constrained possibility, structured by coherence, history, and interaction within which
intention matters because it couples to reality and leaves a permanent trace. What we choose does
not rewrite the laws of nature, but it selects which lawful possibilities become history. In this way,
human agency becomes intelligible as one of its most refined expressions: coherence, resolving into
form—becoming a life becoming time.

Coherence Drift and Folk Time
Our practical sense of time begins with the most ordinary anchors: the alarm clock ringing at 6:00

a.m., the Earth’s rotation giving us the 24-hour day, and its orbital sweep across the heavens
marking the seasons, birthdays, and anniversaries. These clockwork rhythms form the stage upon
which the drama of our lives unfolds, grounding us in a steady cadence we perceive as time. We live
as though a day is always a day and a year is always a year—stable enough to schedule a commute,
but fragile enough that leap seconds must occasionally be patched into our calendars.
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Yet this apparent steadiness is itself a mirage. Earth’s rotation—our oldest and most familiar
metronome is not perfectly faithful. Over geological timescales, tidal friction between Earth and Moon
steadily lengthens the day by roughly two milliseconds per century, a slow gravitational negotiation
written into rock and ocean. On shorter timescales, the planet behaves less predictably: 2022
produced the shortest day ever recorded, and in the summer of 2025 several days arrived more than
a millisecond early, the Earth briefly spinning faster than expected. Herein lies the nub that first drew
me into this inquiry. Birthday candles are lit on the promise of 365 days, yet those very days stretch
and shrink beneath our feet. School bells and factory shifts ring with precision, yet the “seconds”
they mark ride atop a planet that never repeats itself exactly. Our everyday sense of time—so robust,
so trusted—is tethered to a planetary rhythm that is intrinsically variable.

This observation forces a deeper question. If regularity and consistency are the minimal requirements
for a system to support a reliable sense of temporal order and succession, then what, precisely,
supplies that regularity? What anchors our definition of time when no natural process—rotational,
orbital, biological, or mechanical—is truly invariant? If not an absolute flow, and not a perfectly
periodic physical cycle, then what are we actually referencing when we speak of time as predictable
and fundamental? The answer cannot lie in any single process, but in the correlative relationships
among many processes, and in the rates at which otherwise static states of existence change relative
to one another.

Seen this way, time in our lived world is neither absolute nor singular. It is context-dependent in
exactly the same sense revealed by relativistic time dilation under gradients of gravitational potential
® and relative velocity. What appears to us as a fixed inheritance—twenty-four hours in a day, a year
defined by an orbit, the steady accumulation of age is revealed instead as a constructed standard: an
operational agreement shaped by geophysics, celestial mechanics, and the conservation principles
that govern physical systems. Atomic clocks tick differently at altitude than at sea level. Satellite
clocks must be continually corrected to remain synchronized with those on Earth. The “second” itself
is no longer defined by any astronomical motion, but by the regulated oscillations of cesium atoms—
chosen because they are exceptionally stable under familiar conditions.

And yet, despite this layered dependence, we continue to speak of “time” as though it were uniform
and invariant. This is not because time is truly absolute, but because coherence is sufficiently
maintained across the systems that generate our temporal experience. Our sense of temporal order
does not persist because the universe provides a single, universal clock, but because the physical
processes we rely on—biological, technological, gravitational, remain coherently aligned within
tolerable bounds. Time feels steady because coherence suppression is weak and slowly varying in our
everyday environment.

In this light, time is not a primitive backdrop against which change unfolds. It is the inferred structure
that emerges when physical systems maintain enough coherence to support stable correlations.
When that coherence shifts—through gravity, motion, or environmental disturbance—time itself

responds. What we call “the passage of time” is not the motion of an invisible invariant, but the lived
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registration of how reliably physical states resolve into one another. Time, in other words, is
assembled—Ilocally, contingently, and lawfully from the coherence structure of the world we inhabit.

UTT closes this work by recognizing that our everyday notion of time is operationally reliable, yet not
fundamental in origin. It is stable enough to organize experience, coordinate action, and support
measurement, but it is inherited rather than primitive. Its apparent uniformity arises from physical
conditions that maintain coherence within familiar bounds.

When those conditions change, time responds accordingly. Gravitational potential and relative motion
suppress coherence, altering the rate at which physical processes resolve and with them, the
apparent flow of time. What we experience as time is therefore a form of temporal awareness tied to
the succession of physical states. It arises in the liminal regime where the present corresponds to the
resolution of coherent possibility—the moment at which a superposition of admissible configurations
collapses into a realized outcome and the past persists as the accumulated record of what has
already resolved.

In this view, the present is the local act of self-resolution from timeless potential. The past is the
structured imprint of coherence that has already decayed. Time, as we experience it, is the felt
continuity of this process—the awareness of possibility giving way to history, moment by moment.

Time endures as an irreducible primitive of reality because it is reliably generated at the intersection
of physical law, biological organization, and cultural practice. Its apparent fundamentality arises from
the remarkable regularity with which coherence resolves into structure across the regimes that
sustain human life. Within these familiar bounds, temporal order is stable, repeatable, and
indispensable—supporting memory, coordination, intention, and shared meaning.

UTT restores time to its proper role by harmonizing it within the nested coherence structure of the
universal wavefunction. In this framework, the deeply human need for meaning and connection is
treated as a universally lawful consequence of emergent coherence dynamical physical processes.
Temporal sensation is understood as the perceived rate of change between successive realized
states, arising from the finite coherence bandwidth of biochemical and neural systems. Our
awareness registers the cadence at which coherent potential resolves into irreversible structure. The
finiteness of structured potential giving way to decoherence—bounded by gravity, environment, and
biological constraint gives rise to a structured and stable perception of “now” duration momentarily
fusing the self, anchored between the past and the future. What we experience as time is therefore
the embodied perception of becoming, felt from within a biochemical system that cannot remain in
coherence superposition indefinitely.

In this way, UTT reconnects time with lived reality by reframing timelessness as the primal substrate
of superposed, pre-structured potential, and time as the lawful expression of that potential resolving
under constraint. Time and timelessness are not opposing regimes, nor does one negate the other.
They exist as a coupled partnership: timelessness provides the full space of admissible possibility
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while time arises wherever that possibility becomes finite, ordered, and irreversible. One without the
other is incomplete. Together, they form the foundational structure of reality—possibility and
becoming, coherence and consequence without elevating time to an independent entity or
diminishing its experiential significance.

Meaning arises precisely because coherence is finite, because not all possibilities persist, because
choices close, and because resolution leaves a trace. The human sense of continuity, memory, and
identity emerges as a coherence-limited narrative written by successive decoherence events, stitched
together into awareness. Timelessness is not negated by this account; it remains the ever-present
reservoir of unrealized potential from which experience continually draws. Time is the local
expression of that reservoir as it becomes constrained, resolved, and remembered. To live
meaningfully, then, is to participate knowingly in this deepest physical process—to recognize oneself
as a coherence-limited, rescaled expression of the universal wavefunction: an upgraded embodiment
of its dynamics, standing at the boundary where possibility gives way to irreversible record, and
where lived action inscribes the decohered narrative of who one has chosen to become.

At the most fundamental level, gravitational curvature suppresses coherence and regulates quantum
phase evolution, giving rise to redshift, decay, and ordered succession without invoking time as a
primitive. At higher levels of self-organizing coherence dynamics, this same coherence dynamism
reappears in repurposed and upscaled forms: biological systems, neural dynamics, and collective
social rhythms operate as coherence-limited subsystems, resolving structured potential into
irreversible physical states. What we perceive as temporal flow is the experiential trace of this
resolution, unfolding at rates governed by the same gravitational and environmental constraints that
shape all physical processes.

In this view, human temporal experience is a faithful, embodied participation in the universe’s nested
coherence dynamics. Memory stabilizes when coherence collapses; intention matters because
coherence has not yet fully resolved; action becomes history as decoherence renders outcomes
irreversible. The rate at which this process is felt—our sense of now, of duration, of passage is tuned
to the gravitational potential and coherence bandwidth that govern the biochemical and neural
systems from which awareness arises.

Time, then, is something we generate by existing as coherence-mirrored expressions of the universal
wavefunction. In recognizing this, UTT reconciles coherence physics with lived experience,
connecting physical evolution with meaning of self as coherence agents capable of determining our
position in the cosmos through lawful dynamical evolution of correlative states. Within this
framework, the self may be understood as a self-evolving, coherent biochemical subsystem
embedded within the Hilbert space of all physically admissible outcomes, continually shaped by
environmental constraint and interaction. Every act of resolution—every choice, movement, or
decoupling irreversibly inscribes once-coherent potential into realized structure. Choices matter
because each resolution writes a unique trajectory through possibility—a singular history carved from

an otherwise limitless space of potential expression.
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