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Abstract

What is time?

Unified Informational Theory develops an information-registration framework in which physical
time is defined through the writing of distinguishable information relative to the entropic cost
of that writing. The manuscript begins from three informational sectors: potential information,
distinguished information, and dispersed information. These sectors are represented geometrically
by a two-sphere informational model: an outer sphere of potential information, an inner sphere
of realized information represented by the distinct-plus-dispersed sector Idist + Idisp, and a present
realization boundary between them.

The outer sphere represents unrealized distinctions, possible configurations, coherent phase struc-
ture, and future-oriented informational capacity. The inner sphere represents realized information
in its decomposed form: distinct records Idist together with dispersed thermodynamic cost Idisp,
giving the already written structure of physical records, causal order, and measurable spacetime
history. The boundary of the realized three-dimensional informational sphere is a two-dimensional
spherical interface. This interface is mathematically the Riemann sphere,

Σnow = ∂S3
R ≃ S2 ≃ Ĉ.

The present therefore carries a complex phase geometry by construction. Quantum physics de-
scribes potential information on the complex phase side of this interface, while relativistic physics
describes information that has been registered into realized records and causal spacetime structure.
Forward time is the growth of the realized sphere into the potential sphere: information is written
from potential into reality, while dispersed information records the thermodynamic cost of that
writing.

Their ratio defines the dimensionless informational time variable

dt∗ = dIdist
dIdisp

= (kB ln 2)dIdist
dS

.

In the physical clock projection, this dimensionless ratio is read as the local clock-rate capacity,

dt∗ toχ = dτ

dt
, dτ = χdt.

The same capacity law is then used to reinterpret the relativistic sectors. Information describing
motion consumes part of a finite informational bandwidth, and the residual capacity available
for writing time gives the Lorentz factor. Mass-related informational consumption is radial, and
the residual capacity available for writing time gives the Schwarzschild clock-rate structure. In this
reading of spacetime, temporal geometry is expressed as reduced registration capacity, while spatial
geometry is expressed as the available configuration capacity for writing distinguishable information.
In the two-sphere geometry, these are complementary projections of the same realization process.

The framework is extended by completing the clock-rate field with internal phase,

Ξ = χe−iϕ.
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The physical force law is then written as the gradient of this complex phase-time field,

Fϕ = −Escale∇Ξ,

where Escale is the relevant energy scale of the physical branch. Substituting Ξ = χe−iϕ gives the
two fundamental gradient components,

Fϕ = −Escalee
−iϕ∇χ+ iEscaleχe

−iϕ∇ϕ.

The first term is the real clock-rate branch. The second term is the phase-gradient branch. Linear
time is therefore the realized projection of a deeper phase-time structure, while the familiar interac-
tion branches are represented as gradients of that phase-time structure under different projections.

Since the present interface is a Riemann-sphere phase surface, this complex phase-time field lives
naturally on the boundary where potential information becomes realized record. Physical inter-
actions are then organized through gradients, connections, curvatures, rewrite events, and closure
conditions associated with Ξ.

The real clock-rate gradient,
∇χ,

gives the inertial, gravitational, thermodynamic, and diffusion-like branch: forces arise from spatial
variation in realized time-writing capacity.

The phase gradient,
∇ϕ,

gives the gauge branch: local phase-time transport on the complex present interface defines the
electromagnetic connection, and the curvature of that connection gives the electromagnetic field
strength. In this form, electromagnetism is introduced as the curvature of coherent phase transport
on the realization interface inside the same field Ξ.

Later sections apply the same principle to the non-Abelian sectors. The weak interaction is devel-
oped as a local rewrite mechanism on the realization boundary. The parent distinct-plus-dispersed
record can be locally unwritten and returned to the potential sector; the system then rejoins the
forward-time branch by rewriting stable daughter-product information as new Idist +Idisp structure.
This local erase-and-rewrite geometry supplies the phase-time basis for weak transitions and the
electroweak rewrite scale.

The strong interaction is read as internal phase-time closure: color corresponds to confined internal
phase-time orientations, and the strong restoring response arises from gradients of broken closure
in the internal phase-time configuration. Matter is developed through a closed spherical Compton
phase-time structure in which Compton recurrence, spinorial orientation, charge projection, and
mass-energy are carried by closed internal geometry. Flavor is interpreted as a stable Compton
phase-time writing resonance structure inside the closed phase-time architecture.

The cosmological sections apply the same informational time action to inflation, horizons, dark
energy, and large-scale metric opening. In the two-sphere picture, cosmology is the large-scale
behavior of the same registration process: the realized sphere expands through the conversion of
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potential informational capacity into distinct records and dispersed thermodynamic cost, while
entropy controls the cost, rate, and limits of registration.

The empirical section identifies a testable signature in driven coherent transport above the equi-
librium critical temperature, an effect reported in several driven coherent-material systems, and
interprets it within a single mechanism: external driving can temporarily increase coherent phase-
writing capacity while suppressing dissipative spectral weight.

The central proposal is therefore that the familiar physical sectors are projections of one deeper
process: the realization of physical information through phase-time and entropy. In compact form,
the sectors are different projections of gradients, connections, curvatures, rewrite events, and closure
conditions of the unified phase-time field

Ξ = χe−iϕ.
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1 Informational Ontology and Emergent Time

This section establishes the informational ontology used throughout the manuscript. It defines
physical distinguishability, separates potential, distinguished, and dispersed information, and de-
rives emergent time as thermodynamic registration.

1.1 The Definition of Physical Information

The foundational primitive of this framework is physical distinguishability. Information denotes
the physical content by which one state, configuration, event, record, or phase relation can be
distinguished from another, with algorithmic information theory providing the complementary no-
tion of finite description length [1] [2] [3]. This usage begins from Shannon’s formal measure of
distinguishable alternatives [4] and the modern information-theoretic formulation of discrete dis-
tinguishability [5], carries thermodynamic content through Brillouin’s reading of information and
entropy [6], and connects to the physical-information programs of Wheeler [7], Zeilinger [8], and
Landauer [9].

Let ∆ denote the distinguishability content of a system. Total physical information is represented
as a strict monotone of this content,

I = F (∆), dF

d∆ > 0.

The monotonicity condition states that increasing the number or sharpness of physical distinctions
increases the informational content. A single bit is the elementary distinction between two physi-
cally distinguishable alternatives. At the elementary level this distinction is binary: an alternative
is unregistered or registered, 0 or 1. Continuous physical fields in later sections describe registration
capacity, phase, load, and event density associated with bit-events; the elementary distinction itself
supplies the unit capacity used in the one-bit closure law. A system is therefore represented by the
collection of distinctions that specify its state, configuration, records, and allowed transformations.
In discrete and continuum forms,

Isys =
∑

k

δIk, Isys =
∫
dI.

Evolution is then described as a transformation of distinguishability. If a system evolves from s(t1)
to s(t2), the corresponding informational map is

T : Iin to Iout,

with total informational change
∆I = Iout − Iin.

This notation gives the common language used throughout the manuscript. Communication-
theoretic distinguishability [4], statistical-mechanical information [10], and finite physical infor-
mation processing [11] and constructor-theoretic distinguishability [12] are treated as mutually
compatible expressions of physical distinguishability. A physical quantity is read as a channel
through which distinguishability is stored, updated, transported, or dispersed.
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1.2 The Energetic Taxonomy of Information

The energetic taxonomy follows the connection between measurement and entropy introduced by
Szilard [13], Landauer’s analysis of physical information costs [14] [9], and the later statistical and
bounded-information readings of physical systems [10] [15]. The taxonomy separates information
according to its physical role in realization and energetic availability.

The total informational content is decomposed into three sectors:

1. Potential information Ipot is the domain of physically possible distinctions before registration
into a stable record or realized configuration.

2. Distinguished information Idist is realized, work-coupled structure. It includes configurations,
records, mass-energy content, motion state, and clock-rate state. Its variation is coupled to
available physical work, ∣∣∣∣dEavail

dIdist

∣∣∣∣ = µdist > 0.

3. Dispersed information Idisp is entropic information. It measures the dispersive cost associated
with realization, registration, and loss of usable structural organization,

dEavail
dIdisp

= 0.

The realized bookkeeping used in the following sections is

Itot = Idist + Idisp,

with energetic conditions ∣∣∣∣∂Eavail
∂Idist

∣∣∣∣ > 0, ∂Eavail
∂Idisp

= 0.

Potential information supplies the domain of possible distinctions. Distinguished information is the
portion written into physical structure. Dispersed information is the entropic cost of that writing.
This three-sector taxonomy is the basis for the later time equation, because linear time will be
defined as the rate at which distinguishable structure is written relative to the dispersive cost paid
for that writing.

1.3 Physical Channels of Distinguished Information

Distinguished physical information appears through three physical writing channels:

Idist = Im + Imot + Iτ (1)

This equation identifies the physical carriers of realized distinguishability. Im is the mass-information
channel. Imot is the motion-information channel. Iτ is the temporal-registration channel.

Each channel has its own physical dimensional form. The relativistic closure laws are developed
after these channels are defined.
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Physical interactions express their realized effect through these channels. Forces change momentum,

∑
a

Fa = dp
dt
, (2)

where Fa is the force contribution from interaction a, p is momentum, and t is coordinate time.
Energetic interactions change internal energy, binding energy, field energy, or rest-energy content.
Temporal effects change the rate at which physical change is registered into ordered sequence.

The relativistic energy-momentum relation displays the mass and motion channels in Einstein’s
special relativity [16] and Minkowski’s spacetime formulation [17]:

E2 = p2c2 +m2c4. (3)

Here E is total energy, p = |p| is momentum magnitude, c is the invariant propagation speed, and
m is invariant mass. The term

m2c4 (4)

is the invariant mass-energy contribution. The term

p2c2 (5)

is the motion contribution. The temporal channel is the ordering channel through which physical
change is registered.

Thus physical change projects into

dIphysical to dIm + dImot + dIτ . (6)

The three channels are now defined as the elementary channels through which all interactions in
nature can be expressed.

1.4 Mass-Information: Compton Writing Rate

Mass-information Im is the internal Compton writing channel of a massive system.

The Compton angular frequency follows the matter-wave scale introduced by de Broglie [18] and
the Compton energy scale [19]:

ωC = mc2

ℏ
. (7)

Here m is mass, c is the invariant propagation speed, and ℏ is the reduced Planck constant. The
units are

[ωC ] = J
J s = s−1. (8)

The ordinary Compton frequency is

fC = ωC

2π = mc2

h
, (9)

where h = 2πℏ. Its units are
[fC ] = Hz = s−1. (10)

9



A bit is dimensionless. The mass-writing channel is normalized operationally by defining one
completed Compton tick as one elementary physical distinction update. This is the unit choice for
the mass-information channel. Therefore,

1 Compton tick = 1 bit. (11)

The mass-information writing rate is

İm = dIm

dt
= fC = mc2

h
. (12)

Its units are
[İm] = bit

s = s−1. (13)

Thus,

İm = mc2

h
bits/s. (14)

The corresponding Compton time per tick is

τC = 1
fC

= h

mc2 . (15)

The associated Compton wavelength is
λC = h

mc
. (16)

In angular notation,
τ

(ω)
C = 1

ωC
= ℏ
mc2 , λ̄C = ℏ

mc
. (17)

For the informational construction, this is the operational mass-channel equation.

1.5 Motion-Information: Planck-Normalized Spatial Updating

Motion-information Imot is spatial updating expressed in minimal physical distinguishability units.

The elementary spatial distinction is the Planck length, [20]

ℓP =

√
ℏG
c3 . (18)

The elementary temporal update is the Planck time [20].

tP =

√
ℏG
c5 . (19)

Their ratio is
ℓP
tP

=
√
ℏG/c3√
ℏG/c5 =

√
c2 = c. (20)

Thus,

c = ℓP
tP
. (21)
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This gives the maximal physical information-update speed as one elementary spatial distinction
per one elementary temporal update.

Define the spatial distinguishability increment

dIx = dx

ℓP
. (22)

Since dx and ℓP both have units of length,

[dIx] = m
m = 1 = bits. (23)

Define the temporal update increment
dIt = dt

tP
. (24)

Since dt and tP both have units of time,

[dIt] = s
s = 1 = ticks. (25)

The normalized spatial-update rate is

dIx

dIt
= dx/ℓP
dt/tP

. (26)

Rearrange:
dIx

dIt
= dx

dt

tP
ℓP
. (27)

Since
dx

dt
= v,

ℓP
tP

= c, (28)

we have
tP
ℓP

= 1
c
. (29)

Therefore,
dIx

dIt
= v

c
. (30)

This is the Planck-normalized spatial-update rate of the motion channel. A moving system carries
distinguishability about position together with distinguishability about the rate at which position
is updated. The motion channel therefore contributes as the product of spatial distinction and
spatial-update distinction. After normalization by the invariant update speed c, the dimensionless
kinematic load is the squared update fraction,

β2 =
(
dIx

dIt

)2
= v2

c2 . (31)

This explains why the special-relativistic load is quadratic: v/c is the normalized spatial-update
amplitude, and v2/c2 is the corresponding informational load in the conserved writing budget. The
inertial closure law is developed later from this ratio. The symbol It in this subsection denotes
the Planck-normalized update counter used to normalize motion. It is distinct from Iτ , introduced
below, which denotes the realized temporal-registration channel.
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1.6 Time-Information: Temporal Registration

Time-information Iτ is the temporal-registration channel: the writing of physical change into or-
dered realized sequence, consistent with thermodynamic accounts of time in generally covariant
settings [21].

At the channel level,
[Iτ ] = bits. (32)

The temporal-registration rate is
dIτ

dt
, (33)

with units [
dIτ

dt

]
= bits

s . (34)

The temporal channel remains explicit during the geometric development. The thermodynamic
closure section derives the registration efficiency relative to dispersive cost and defines the inverse
quantity as the thermodynamic inefficiency factor.

dt∗ = dIdist
dIdisp

. (35)

The temporal-registration channel Iτ remains one physical channel inside the realized distinguished
sector,

Idist = Im + Imot + Iτ . (36)

The dimensionless informational-time ratio is defined at the level of the full realized registration
balance,

dt∗ = dIdist
dIdisp

, (37)

where Idisp is the dispersed informational cost of record formation.

1.7 Potential Information, Measurement, and Realized Record

Before one derives a time equation, one must specify what kind of information is being written into
physics. The present framework therefore distinguishes a third informational sector in addition to
the distinct and dispersed sectors already defined above. That sector is potential information,

Ipot.

Potential information is the informational domain of unrealized physical possibilities. In the present
framework, this is the sector described by the wave function before record formation. It is not yet
written into causal history. It is not yet part of realized, distinguishable record. It is the domain
of what can be realized but has not yet been written.

Measurement is a physical record-forming interaction, in line with von Neumann’s measurement
formulation [22], decoherence and einselection [23] [24] [25], relational quantum mechanics [26], and
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information-based quantum foundations [8]. Any physical interaction that writes one previously
potential distinction into realized record counts as measurement in the present framework. When
such a record-forming event occurs, one option leaves the potential sector and is written into the
realized branch. The realized part splits into distinct record and dispersed thermodynamic cost.
The elementary informational bookkeeping is therefore

− dIpot = dIdist + dIdisp.

This equation refers only to the particular potential distinction that becomes realized; all other
unrealized possibilities remain in the potential sector. One potential option leaves the potential
sector and becomes dIdist, while the corresponding thermodynamic payment appears as dIdisp.

This point is necessary because Landauer’s principle acts on realized record formation [27], and
because logical reversibility [28] and thermodynamic computation [29] distinguish reversible infor-
mation handling from irreversible record production. The relevant informational increment in the
thermodynamic bridge is the distinct increment created when one previously potential distinction
is written into realized history. In the present framework, time is generated precisely by this trans-
fer from the potential sector into the realized branch, together with its dispersed thermodynamic
payment.

2 Thermodynamic Derivation of Time via Power

To derive the nature of time, we analyze the system through Power (P ), the rate of energy transfer.

From classical thermodynamics, with Clausius’ entropy principle [30], Gibbs’ statistical thermody-
namics [31], Boltzmann’s statistical mechanics [32], and Jaynes’ statistical reading of entropy [10]
and Prigogine’s irreversible-process framework [33], dissipated power is, in the standard thermody-
namic notation used by Callen and statistical-mechanics treatments [34] [35] [36]:

Pdiss = T

(
dS

dt

)

From Landauer’s principle [27], refined through the thermodynamics of reversible and irreversible
computation [28] [29], the minimum power required to inscribe distinct information (dIdist) is:

Pdist = kB T ln(2)
(
dIdist
dt

)

2.1 From Power Cancellation to the Pure Informational Time Equation

We define the dimensionless physical time increment, dt∗, as the ratio of distinct-information power
to dissipated power:

dt∗ = Pdist
Pdiss
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Substituting the equations:

dt∗ =
kB T ln(2)

(
dIdist
dt

)
T

(
dS

dt

)

The temperature (T ) and the coordinate time increment (dt) cancel out entirely, leaving the infor-
mational ratio as the physical time parameter [27]:

dt∗ = kB ln(2)
(
dIdist
dS

)
The primary time postulate of UiT identifies dimensionless linear physical time with the thermody-
namic registration ratio between distinguished information and dispersed information. The power
construction motivates and constrains this identification by showing that the same ratio is isolated
when temperature and an external time parameter cancel from the registration and dissipation
powers.

By substituting entropy with its informational equivalent, using Landauer’s bit cost [27], Jaynes’
entropy-information relation [10], and Brillouin’s negentropy reading [6],

dt∗ = kB ln(2) dIdist
kB ln(2) dIdisp

The constants cancel, leaving the thermodynamic-information definition supported by Landauer’s
physical bit principle [27] and Jaynes’ statistical mechanics of information [10]:

dt∗ = dIdist
dIdisp

One must now define time in the present framework. Linear time is introduced as the informational
registration ratio of the theory. The relevant written sector is the structured distinct information
that is registered as ordered sequence, record, or measurable history. Denote this written sector by

Idist.

If the distinct structural sector is represented as a set of distinguishable informational elements,

Idist = {iα},

then the written distinct sector may be represented as the ordered set

Idist = {in}N
n=1, in ≺ in+1,
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where ≺ denotes ordered registration within the distinct sector of the realized domain.

Time is then defined by the ratio between distinct informational change and dispersed informa-
tional change. In the notation used throughout the manuscript, the elementary informational time
equation is

dt∗ = dIdist
dIdisp

.

Using the entropy-bit conversion only as notation for dispersed information,

dIdisp ≡ dS

kB ln 2 ,

time is generated by the relation between distinguished information and dispersed information,
with entropy entering through the dispersed-information denominator. One may write the same
relation as

dt∗ = (kB ln 2)dIdist
dS

.

This equation is the correct starting point for everything that follows. It defines linear time as an
informational ratio [21]. At this stage it is still dimensionless.

2.2 Thermodynamic Registration Efficiency and Inefficiency

Real processes are dissipative in the irreversible thermodynamic sense [33], meaning dIdisp ≥ dIdist.
The thermodynamic registration efficiency is the dimensionless ratio

ηth = dIdist
dIdisp

, 0 < ηth ≤ 1.

The inverse quantity is the thermodynamic inefficiency factor

γth = 1
ηth

= dIdisp
dIdist

, γth ≥ 1.

The ideal Landauer-saturating limit [27] is ηth = 1 and γth = 1. Any nonideal dissipative process
has 0 < ηth < 1 and γth > 1.

Equivalently,

dIdisp = γth dIdist.

Substituting this into the time equation gives
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dt∗ = dIdist
γth dIdist

= 1
γth

= ηth.

The same dimensionless registration ratio therefore has three equivalent readings:

dt∗ = ηth = 1
γth

.

Here dt∗ is the informational-time reading of the ratio, ηth is its thermodynamic-efficiency reading,
and 1/γth is the remaining registration efficiency, or clock-rate capacity. The quantity γth itself is
the thermodynamic load or inefficiency factor.

At this stage dt∗ remains the dimensionless informational-time ratio. Its physical Compton-scaled
phase-time completion is introduced later, after the coherent phase variable and the phase-time
field have been constructed.

2.3 The Two-Spheres Geometry and the Riemann-Surface Present

1. The Outer Sphere (Potential Realm): Represents Ipot, the domain of unrealized physical dis-
tinguishability in the spirit of information-based foundations [7].

2. The Inner Sphere (Realized Realm): Represents Idist + Idisp.

−dIpot = dIdist + dIdisp

Once the informational content of physics has been separated into potential, distinct, and dispersed
sectors, the same structure can be expressed geometrically. Consider a finite outer sphere that
represents the full domain of potential information that can exist in the universe. Within it, a
second sphere grows from the center and represents the information that has already been written
into realized history through physical interaction and thermodynamic payment.

In this picture, the outer sphere is the potential realm. The inner sphere is the realized realm. As
the realized sphere grows, it does so at the expense of the potential sphere. That growth is the
physical meaning of time in the present framework. Time is therefore not introduced as a primitive
background parameter. It is the ordered transfer of information from the potential sector into
realized record, with the corresponding thermodynamic cost required by Landauer’s principle.

This picture gives a direct geometric interpretation of the later division between quantum theory
and relativity. Quantum theory describes the potential sphere, because the quantum state belongs
to the domain of unrealized possibilities before record formation. Relativity describes the realized
sphere, because relativity governs the structure of already written, causal, measured history. The
two descriptions meet at the two-dimensional interface between the spheres. That interface is the
present.

The boundary is a Riemann Sphere (S2), anchored in the classical theory of Riemann surfaces
[37] [38] [39]. Its information-theoretic motivation follows Wheeler’s information program [7], while
its boundary reading is aligned with the holographic tradition of ’t Hooft [40], Susskind [41],
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and Maldacena [42]. Updates on this boundary are described using complex numbers and the
differential-geometric language used in modern geometry and physics [43] [44]:

z = r eiϕ

The Riemann-sphere language is used here in its geometric role: it compactifies the complex plane
into a closed two-dimensional surface,

Ĉ = C ∪ {∞} ≃ S2.

Thus the complex coordinate is not only an algebraic notation for amplitude and phase. It is also
a geometric coordinate on the present interface. In this sense, the Riemann construction supplies
the global surface language of the theory: coherent phase is written locally in the complex plane,
while the present interface is represented globally as a compact geometric boundary.

The present surface is represented here as a Riemann sphere. Since the Riemann sphere is naturally
represented in the complex plane, the model also supplies a geometric motivation for why coherent
quantum evolution is written in a complex form. In this framework, the complex plane is not a
formal trick added afterwards. It is the natural language of the interface where potential information
is written as distinct information with dispersed thermodynamic cost.

This geometric model supplies the entry point for the derivations that follow, connecting relational
quantum structure [26] with information-based quantum foundations [8]. It shows why relativity
and quantum theory appear different, what informational domain each one describes, where they
meet, and why the transition from one to the other requires a thermodynamic price. In the present
framework, that price is the cost of writing a potential distinction into realized history.
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Figure 1: Geometric two-spheres model of informational reality. The outer sphere represents the
domain of potential information. The inner sphere represents realized information in its decomposed
form, Idist + Idisp. Their two-dimensional interface is the present surface. In this picture, quantum
theory describes the potential realm, relativity describes the realized realm, and time is the growth
of the distinct-plus-dispersed realized sector at the expense of potential information. Because the
Riemann sphere is represented on the complex plane, the temporal structure already has a phase
form; the full phase-time development is introduced in the later coherent-branch sections.

2.4 The Arrow of Time and Human Memory

The two-spheres construction already places temporal registration on a complex Riemann interface.
Schematically, an elementary phase-time orientation on that interface may be represented by the
unit complex vector

t̂ϕ(ϕ) = e−iϕ = cosϕ− i sinϕ. (38)

Its realized linear projection is therefore the real component,

t̂lin(ϕ) = Re
[
t̂ϕ(ϕ)

]
= cosϕ. (39)

This schematic projection is used here as the geometric motivation for the question: if the realized
temporal projection has positive and negative real orientations, how does an observer experience
a single arrow of time? The full phase-time equation is developed in the later coherent-branch
sections.

The following thought experiment illustrates how records and memory generate the experienced
direction of time. The ordinary conviction that time moves from past to future rests on four simple
claims.
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First, I remember the past.

Second, I experience the present.

Third, I do not remember the future.

Fourth, entropy increases on average around me.

These four claims are the basis on which we infer a preferred temporal direction, a theme central
to statistical accounts of the arrow of time [32]. One must therefore test what happens to all four
if time is reversed completely, like a film running in rewind.

Consider a theoretical case in which a person dies, is buried, and then the entire temporal order
reverses. The person rises out of the grave and becomes younger and younger while moving toward
what, from our ordinary description, would be called the past. One may now examine the four
claims one by one.

The first claim still holds. The moment the person rises from the grave, that person already emerges
with the memories of the life that has been lived. In other words, the person remembers the past,
or more precisely, remembers what is already written for that observer.

The second claim also still holds. The person continues to experience the present. Even in a
reversed world, there is always a lived present.

The third claim now becomes the decisive point. As the person proceeds in the reversed direction,
the memories of what, from our ordinary point of view, would be called the future begin to dis-
appear. The reason is simple. Writing memory is a physical act. It is a physical operation, not a
human label or psychological metaphor. To write memory, one must invest energy, organize infor-
mation, and expel heat into the environment, as in the thermodynamics of irreversible information
processing [27] [29].

dWmin ≥ kBT ln 2 dIbit, dSenv ≥ kB ln 2 dIbit. (40)

It is a physical operation in exactly the same sense that throwing a ball to the left is a physical
operation.

Therefore, if the entire film is run backward, the writing of memory must also reverse. Just as a ball
thrown to the left returns to the right under total reversal, so too the heat and energy expelled to
the environment return into the system. The memory is erased, and the energy invested in writing
it is released back. The entropy of the environment truly decreases, exactly as a reversed world
requires. Therefore the person necessarily loses the memory of what, for us, would be called the
future while moving in that direction. The third condition is therefore also satisfied.

The fourth claim is then no less important. In such a world, things really do become more ordered.
Entropy decreases. Broken things become whole. One may imagine a broken egg on the floor that
rises and becomes whole again on the table. That is indeed what happens in such a world. But
here a crucial point enters. By the time the egg is once again whole on the table, the observer has
already lost the memory that it ever fell and broke. So even though entropy decreases, the memory
state is still perfectly consistent with the experienced temporal direction. The fourth condition is
therefore satisfied as well.
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The conclusion is that all four of the conditions from which we usually infer that time moves from
past to future remain valid even if time were running in the opposite direction, consistent with
time-symmetric microscopic dynamics and record-based asymmetry [45] [46] [47]. The arrow of
time as we experience it is generated by memory and by the direction in which records are written.
Physics may be time-symmetric, while the experienced arrow is determined by the direction in
which records are written and retained.

In this sense, memory is our sense of time. Like every other sense, it is limited. Vision does not
capture the whole electromagnetic spectrum. Hearing does not capture all frequencies. In the same
way, our sense of time is also limited. It depends on physical records, and it is limited by their
erasure. We see only half of the dynamical reality. Therefore, opposite temporal orientations can be
physically indistinguishable from inside a memory-based record structure. The observer experiences
a coherent temporal direction because the accessible record sequence is the only operational basis
for temporal awareness.

If one now returns to the two-spheres model, the same point becomes even clearer. The inner
sphere, which contains the distinct-plus-dispersed realized sector, can grow and shrink. It has no
preferred direction in itself. At the deeper level, the process is a zero-sum structure. Time does not
intrinsically prefer one side of the story. What creates the one-directional narrative of experience
is memory, which records measured outcomes and builds a sequence out of what it can preserve.

This also resolves the intuitive paradox of the past. If past and future are, first of all, informational
structures, then returning to the past means re-entering a prior record structure within the total
informational state. The past is not a place in that sense. Past and future exist equally within the
total informational structure. What turns one side into a lived narrative is memory.

3 Informational Special Relativity

This section develops the relativistic capacity geometry. Special relativity is treated through direc-
tional motion load, general relativity through radial gravitational load, and both limits are then
collected into one capacity law.

3.1 Informational Special Relativity: Planck-Normalized Spatial Resolution
and the Kinematic Load

The special-relativistic sector is the motion-only projection of the informational capacity law. For
this reason the Planck-normalized spatial-update relation is restated here, where it does the work
of producing the Lorentz load.

The elementary spatial distinction is the Planck length [20].

ℓP =

√
ℏG
c3 . (41)

The elementary temporal update is the Planck time,

tP =

√
ℏG
c5 . (42)
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Their ratio is
ℓP
tP

=
√
ℏG/c3√
ℏG/c5 =

√
c2 = c, (43)

so

c = ℓP
tP
. (44)

Thus the invariant speed is the maximal update rate of distinguishable physical change: one elemen-
tary spatial distinction per one elementary temporal update. This connects the capacity construc-
tion to the standard invariant-speed structure of special relativity [48] and to the spacetime-clock
formulation of relativistic kinematics [49].

Define the spatial distinguishability increment

dIx = dx

ℓP
, (45)

and the temporal update increment
dIt = dt

tP
. (46)

Both are dimensionless counts of elementary distinctions or ticks:

[dIx] = m
m = 1, [dIt] = s

s = 1. (47)

The normalized spatial-update rate is therefore

dIx

dIt
= dx/ℓP
dt/tP

. (48)

Rearranging gives
dIx

dIt
= dx

dt

tP
ℓP
. (49)

Since
dx

dt
= v,

ℓP
tP

= c, (50)

one has
dIx

dIt
= v

c
. (51)

This is the Planck-normalized spatial-update amplitude of the motion channel. The corresponding
dimensionless kinematic load is the squared update fraction,

ΛI,v =
(
dIx

dIt

)2
= v2

c2 . (52)

The square appears because the conserved writing budget is a norm. The amplitude v/c mea-
sures the spatial-update fraction, while v2/c2 is the motion load that competes with the surviving
temporal writing fraction in the one-bit closure law.
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3.2 Kinematic Capacity Load and the Lorentz Factor

The inertial case is developed first as the purely motional projection of the general capacity law,
with gravitational load set to zero:

rs

r
= 0. (53)

Then
χg = 1. (54)

The active channel is motion-information. From the Planck-normalized spatial-update relation
developed above,

dIx

dIt
= v

c
. (55)

The dimensionless motion load is the squared normalized spatial-update rate:

ΛI,v =
(
dIx

dIt

)2
= v2

c2 . (56)

Equivalently, set
β = v

c
. (57)

The realized temporal fraction and the spatial-update fraction form the normalized informational
amplitude

χv + iβ. (58)

Conservation of the writing norm on the present interface gives

|χv + iβ|2 = 1. (59)

Expanding the norm gives
χ2

v + β2 = 1. (60)

Since β2 = v2/c2, this is the same one-bit closure law used below. The unit on the right-hand
side is the normalized capacity of one elementary registered distinction; χ2

v and v2/c2 allocate that
capacity between temporal availability and motional load.

The units are dimensionless:
[ΛI,v] =

[
v2

c2

]
= m2/s2

m2/s2 = 1. (61)

The temporal writing factor for the kinematic case is

χv = dτ

dt
. (62)

The closure law is
χ2

v + ΛI,v = 1. (63)

Substitute the motion load:
χ2

v + v2

c2 = 1. (64)

Then
χ2

v = 1 − v2

c2 , (65)
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so

χv(v) =

√
1 − v2

c2 . (66)

Since
χv = dτ

dt
, (67)

the proper-time relation is

dτ =

√
1 − v2

c2 dt. (68)

The gamma factor is the inverse temporal writing factor, matching the standard Lorentz kinematic
factor [16] [48] [49]:

γI = 1
χv

= 1√
1 − v2

c2

. (69)

All quantities in the closure law are dimensionless:

[χv] = 1,
[
v2

c2

]
= 1, [γI ] = 1. (70)

Motion-information consumes part of the local writing capacity through the normalized load v2/c2,
leaving the temporal fraction χv.

3.3 Thermodynamic Writing Cost of the Lorentz Factor

The thermodynamic construction above identified physical time as the registration of distinct infor-
mation relative to the dispersed cost paid in making that registration, using the physical-information
reading of irreversible writing cost [27]. In that language, the efficiency of writing distinct structure
from the potential domain into realized record is

ηth = dIdist
dIdisp

, 0 < ηth ≤ 1, (71)

and the inverse cost factor is

γth = dIdisp
dIdist

= 1
ηth

, γth ≥ 1. (72)

The kinematic reconstruction has now supplied the corresponding temporal-writing fraction under
pure motion,

χv = dτ

dt
=

√
1 − v2

c2 , γI = 1
χv
. (73)

For a pure kinematic load, these are the same physical ratio expressed in thermodynamic and
relativistic languages; the reversible-computation background fixes the interpretation of thermody-
namic cost without adding a new relativistic factor [29]. The thermodynamic registration efficiency
is the surviving Lorentz clock-rate fraction:

η
(v)
th = χv. (74)

23



The thermodynamic writing-cost factor is the Lorentz factor [16]:

γ
(v)
th = γI = 1√

1 − v2

c2

. (75)

Equivalently,

dIdist
dIdisp

= dτ

dt
=

√
1 − v2

c2 (76)

and, using
dIdisp = dS

kB ln 2 , (77)

the Lorentz clock factor can be written in entropy-registration form as

(kB ln 2)dIdist
dS

=

√
1 − v2

c2 . (78)

The inverse thermodynamic cost factor is

1
kB ln 2

dS

dIdist
= 1√

1 − v2

c2

= γI . (79)

Thus
γ

(v)
th = γI . (80)

The tested proper-time law remains

dτ =

√
1 − v2

c2 dt = dt

γI
. (81)

This reconstruction gives the Lorentz factor an informational-thermodynamic meaning while pre-
serving the empirical content of special relativity.

3.4 Longitudinal Spatial Capacity and Length Contraction

The same motion load reduces distinguishable spatial writing capacity along the direction of motion.

Let
Ω∥,write(v) (82)

denote the distinguishable spatial writing capacity along the direction of motion. Define longitudi-
nal spatial distinguishability as

Ix∥(v) = log2 Ω∥,write(v). (83)

Since Ω∥,write counts possible distinguishable configurations,

[Ix∥ ] = bits. (84)
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Equivalently, the normalized logarithmic configuration capacity along the direction of motion is

C∥(v) =
log2 Ω∥,write(v)
log2 Ω∥,write(0) . (85)

The surviving longitudinal writing capacity is

C∥(v) = χv, Ix∥(v) = χvIx∥(0). (86)

In terms of the underlying number of available configurations, this is

Ω∥,write(v) = Ω∥,write(0)χv . (87)

Using

χv =

√
1 − v2

c2 , (88)

this becomes

Ix∥(v) =

√
1 − v2

c2 Ix∥(0). (89)

The geometric length expression is the spatial reading of the same capacity reduction. [50] [51] Let
L0 be the proper longitudinal spatial capacity. The surviving longitudinal length is

L∥ = χvL0. (90)

Substitute χv:

L∥ = L0

√
1 − v2

c2 . (91)

Using
γI = 1

χv
, (92)

the same relation is

L∥ = L0
γI
. (93)

The units are
[L∥] = [L0] = m, [χv] = [γI ] = 1. (94)

3.5 Invariant Mass and Observed Inertial Energy

The internal Compton process of a massive mode and the externally measured energy of that mode
must still be distinguished.

The observed internal clock rate is read through the surviving realized temporal fraction,

ωclock,obs = ωCχv = ωC

√
1 − v2

c2 . (95)

Thus the internal clock slows as motion increases the dispersive load.
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The observed inertial energy, however, is obtained from the action. For a free massive mode, [52] [48]

S = −mc2
∫
dτ. (96)

Using
dτ = χvdt, (97)

the action becomes
S = −mc2

∫
χvdt, (98)

so the Lagrangian is

L = −mc2χv = −mc2

√
1 − v2

c2 . (99)

The canonical momentum is
p = ∂L

∂v
. (100)

Since

χv =

√
1 − v2

c2 , (101)

one has
∂χv

∂v
= − v

c2χv
. (102)

Therefore
p = −mc2∂χv

∂v
= mv

χv
= γImv. (103)

The Hamiltonian energy is
E = v

∂L

∂v
− L, (104)

hence
E = v

mv

χv
+mc2χv = mv2

χv
+mc2χv. (105)

Using

χ2
v = 1 − v2

c2 , (106)

this becomes

E = m

χv

(
v2 + c2χ2

v

)
= m

χv

(
v2 + c2

(
1 − v2

c2

))
= mc2

χv
= γImc

2. (107)

Thus the observed inertial energy increases as

E = γImc
2, (108)

while the observed clock rate decreases according to

ωclock,obs = ωCχv = ωC

γI
= ωC

√
1 − v2

c2 . (109)
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The invariant mass channel remains

Em = mc2, ωC = mc2

ℏ
, İm = mc2

h
. (110)

The factor γI belongs to the external dynamical state and to the dispersive cost of writing that
state into realized history. It multiplies the observed inertial energy, while the internal Compton
mass-information remains the same invariant channel.

The two readings are complementary. The internal realized writing rate slows because motion
depletes temporal bandwidth, while the externally measured energy increases because the same
moving mode occupies a more costly dynamical state in the conserved informational geometry.

As v → c, one has
β → 1, χv → 0, γI → ∞. (111)

The surviving realized temporal fraction collapses to zero. This is the informational meaning of
the light-speed barrier.

3.6 Kinetic Energy as Relative Time-Load

The same clock-rate factor also gives the usual relativistic kinetic-energy expression [48]. The total
relativistic energy is

E = γmc2,

while the rest energy is
E0 = mc2.

The kinetic energy is therefore [52]

K = E − E0 = (γ − 1)mc2.

Since γ = 1/χv, this can be written as

K = mc2
( 1
χv

− 1
)

= mc2
(1 − χv

χv

)
.

Thus kinetic energy is the energetic cost of relative time-load. Motion reduces the available local
clock-rate fraction χv, and the observed kinetic energy measures the corresponding increase in the
inverse load factor.

3.7 Inertial Force from the Same Temporal Mismatch

The inertial case also uses the invariant Compton writing rate,

İm = mc2

h
, (112)

with invariant energy scale
Em = mc2. (113)

The Lorentzian temporal factor is

χv(v) =

√
1 − v2

c2 . (114)
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Motion changes the temporal channel available to the invariant internal writing rate. The corre-
sponding embedding energy is

Eembed(v) = mc2χv(v). (115)

The associated mismatch magnitude is

ET (v) = mc2 (1 − χv(v)) , (116)

while the dynamical action is generated by the relativistic free-particle Lagrangian

L = −mc2χv = −mc2

√
1 − v2

c2 . (117)

Thus mc2(1 − χv) quantifies temporal mismatch, while L = −mc2χv gives the correct momentum
response of the invariant mass channel under changing velocity.

The canonical momentum is obtained from the Lagrangian:

p = ∂L

∂v
. (118)

Using
∂χv

∂v
= − v

c2χv
, (119)

one obtains
p = −mc2∂χv

∂v
= mv

χv
= γImv. (120)

For the free particle alone the Euler–Lagrange equation gives dp/dt = 0. When an external lon-
gitudinal generalized force is applied to change the velocity state, [53] the generalized force is the
rate of change of canonical momentum:

Q∥ = F∥ = dp

dt
= d

dt
(γImv) . (121)

For one-dimensional longitudinal acceleration,

a = dv

dt
. (122)

Therefore
F∥ = m

(
dγI

dt
v + γIa

)
. (123)

The time derivative of the Lorentz factor is

dγI

dt
= d

dt

(
1 − v2

c2

)−1/2

. (124)

Hence
dγI

dt
= γ3

I

v

c2a. (125)
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Substitute this into the longitudinal force expression:

F∥ = m

(
γ3

I

v2

c2 a+ γIa

)
. (126)

Factor out mγIa:

F∥ = mγIa

(
γ2

I

v2

c2 + 1
)
. (127)

Since
γ2

I = 1
1 − v2

c2

, (128)

one has

γ2
I

v2

c2 + 1 =
v2

c2

1 − v2

c2

+ 1 = 1
1 − v2

c2

= γ2
I . (129)

Therefore the longitudinal inertial force is

F∥ = γ3
Ima. (130)

The low-velocity limit is recovered immediately:

v ≪ c, γI ≈ 1, F∥ ≈ ma. (131)

This section supplies the analytic-mechanics form of the same temporal-mismatch mechanism.
The invariant Compton channel remains mc2, the temporal writing fraction is χv, the canonical
momentum is p = γImv, and the longitudinal resistance to changing the velocity state is F∥ = γ3

Ima.

3.8 Relativistic Diffusion at Non-Relativistic Velocities

The preceding derivation can now be sharpened. The theory has already identified the thermody-
namic inefficiency factor with the Lorentz factor,

γth = γI , (132)

or equivalently,
χth = χv. (133)

Therefore diffusion should not be formulated as if a new conversion factor were being invented
between thermodynamics and relativity. The factor is the same factor. What changes is the
physical source of the load.

In special relativity,
γI = 1√

1 − v2/c2 . (134)

In the thermodynamic sector of UiT,
γth = dIdisp

dIdist
. (135)

The identification is
γth = γI . (136)

29



Thus,
dIdisp
dIdist

= 1√
1 − v2/c2 . (137)

Equivalently,
dIdist
dIdisp

=
√

1 − v2/c2. (138)

When the theory is applied to diffusion, no separate object such as a new γdiff is required. The
same Lorentz-informational factor becomes a local spatial field because the dispersive cost and the
registration ratio depend on concentration:

γ(x) = dIdisp(x)
dIdist(x) . (139)

By the existing identification,
γ(x) = γI(x), (140)

where γI(x) is the Lorentzian equivalent of the local time-load factor. It is not introduced as the
Lorentz factor of an aircraft or a macroscopic high-speed body. It is the same time-capacity factor
evaluated locally, in the thermodynamic limit where the load is produced by concentration and
dispersive cost.

The clean connection to chemical potential is obtained by writing the local Lorentz load as a local
thermodynamic driving term, in continuity with standard non-equilibrium thermodynamics [84].

mc2[γ(x) − 1] = ∆µload(x), ∆µload(x) ≥ 0. (141)

Here γ(x) = 1/χ(x) is the local thermodynamic load or inefficiency factor already defined in the
power derivation, while χ(x) is the remaining registration efficiency or clock-rate capacity. A higher
concentration increases the local dispersive load, so

C increases implies χ decreases implies γ increases. (142)

For an ideal solution, the chemical-potential gradient is [84]

∇µ = kBT∇ lnn, (143)

where n(x) is the local number concentration. The reference value of µ fixes the zero of chemical
potential, while ∆µload denotes the positive load branch represented by mc2(γ − 1).

This is the standard relativistic energy rule,

∆E = mc2(γ − 1), (144)

read as a local dispersive-load energy. Therefore,

γ(x) = 1 + ∆µload(x)
mc2 . (145)

This writes the same γ through the local thermodynamic load.
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The corresponding force is
F = −∇[mc2(γ − 1)]. (146)

Therefore,
F = −mc2∇γ. (147)

Using the ideal-solution gradient gives

F = −∇∆µload = −∇µ, (148)

and therefore
F = −kBT∇ lnn. (149)

This is the ordinary thermodynamic force obtained from the gradient of chemical potential. In the
χ representation the same direction is

F = −mc2∇γ = +mc2 1
χ2 ∇χ, (150)

which agrees with the dissipative projection +mc2∇χ in the weak-load limit χ ≈ 1.

Introducing the mobility M , the drift velocity is the linear-response transport step associated with
Onsager reciprocity [85] [86]:

vdrift = MF. (151)

The flux is then
J = nvdrift = MnF. (152)

Substitution gives
J = −MnkBT∇ lnn. (153)

Since
n∇ lnn = ∇n, (154)

one obtains Fick’s law [132]
J = −D∇n, (155)

where the Einstein mobility-diffusion relation gives [133]

D = MkBT. (156)

Together with matter conservation,
∂n

∂t
+ ∇ · J = 0, (157)

this gives
∂n

∂t
= ∇ · (D∇n). (158)

For constant D,
∂n

∂t
= D∇2n. (159)

This is the diffusion equation.
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The result shows that diffusion is relativistic also at non-relativistic velocities. The Lorentzian
structure remains present when v ≪ c; its kinematic contribution is simply small. Ordinary
mechanical energy is already the low-velocity projection of the Lorentz time-cost factor. For one
kilogram moving at one meter per second, the relative clock-rate change is extremely small, but
when multiplied by mc2 it gives the ordinary kinetic energy,

mc2(γ − 1) ≈ 1
2mv

2. (160)

The same structure operates in diffusion. The dominant load is the local dispersive-information
cost encoded in the chemical potential.

Thus the recovery of Fick’s law and the diffusion equation gives an internal consistency proof of
the identification already made in the theory:

γth = γI . (161)

If this identification were artificial, it would not naturally return the standard diffusion law. Instead,
the chain closes:

n(x) to ∇µ = kBT∇ lnn, (162)

∆µload(x) = mc2[γ(x) − 1], (163)

F = −mc2∇γ, (164)

J = MnF, (165)

J = −D∇n, (166)
∂n

∂t
= D∇2n. (167)

Diffusion follows when the already-identified equality γth = γI is applied locally, with mc2(γ − 1)
written as the local dispersive-load energy and the ideal chemical-potential gradient supplying
∇µ = kBT∇ lnn. In this form, diffusion is the non-relativistic-velocity thermodynamic projection
of the same Lorentz time-capacity structure.

4 Informational General Relativity

The gravitational case is developed next as the static radial sector of the information-flux recon-
struction. In this sector the source is a stationary concentration of mass-information and the motion
channel is set to zero. The standard Schwarzschild length is recovered here as the gravitational
length associated with the same Compton mass-writing channel. [54] In the static gravitational
sector,

v = 0, (168)

so the motion channel is set to zero:
Imot = 0. (169)

The distinguished sector becomes
Idist = Im + Iτ . (170)
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4.1 Schwarzschild-Compton Writing Length

Let M be the source mass. Its mass-information writing rate is

İM = Mc2

h
(bits/s). (171)

Equivalently, the source has the Compton angular writing rate

ωC = Mc2

ℏ
, (172)

so that
M = ℏωC

c2 . (173)

Coupling this invariant mass-writing rate to the gravitational conversion constant G defines the
associated gravitational saturation length, in continuity with the Schwarzschild radius of a compact
mass source [54].

rs = 2GM
c2 = 2GℏωC

c4 . (174)

Thus rs is the radial length at which the Compton mass-writing of the source saturates the static
radial writing channel. The units are

[rs] = (m3 kg−1 s−2)(kg)
m2 s−2 = m. (175)

The reduced Compton wavelength of the same source is the Compton length scale associated with
the invariant mass-writing rate [19].

λ̄C = ℏ
Mc

. (176)

The Compton and Schwarzschild lengths obey

rsλ̄C = 2GM
c2

ℏ
Mc

= 2ℏG
c3 = 2ℓ2P . (177)

At the Planck mass, λ̄C = ℓP . The gravitational radius rg = GM/c2 is then rg = ℓP , while
the Schwarzschild radius is rs = 2rg = 2ℓP . Thus the Schwarzschild radius equals the reduced-
Compton diameter [20]. This gives the gravitational load a direct information-channel meaning: it
is the concentration of Compton mass-writing over the radial writing capacity available at r.

4.2 Radial Information Flux and the Exterior Gravitational Load

The radial dependence follows from the information-flux continuity principle, the spherical analogue
of conserved inverse-square flux [83]. Outside the compact source there is no local production of
distinguished information, so the radial information flux is conserved through every two-sphere
enclosing the source:

∇ · JI = 0, r > rs. (178)

For a static spherically symmetric source this gives

4πr2Jr
I (r) = FI = constant, (179)
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where FI is the total outward bookkeeping flux associated with the source mass-writing channel.
Thus the local flux density falls as

Jr
I (r) = FI

4πr2 . (180)

The dimensionless gravitational load is the radial saturation potential whose gradient measures this
conserved spherical dilution of writing capacity. Its exterior vacuum form is the scalar potential
limit of the Schwarzschild geometry [67]. In the exterior vacuum sector it therefore satisfies the
Laplace equation for the source-free radial field [68].

∇2ΛI,g = 0, r > rs, (181)

or, explicitly,
1
r2

d

dr

(
r2dΛI,g

dr

)
= 0. (182)

Integrating once gives
r2dΛI,g

dr
= −A, (183)

and integrating again gives
ΛI,g(r) = A

r
+B. (184)

The exterior writing load vanishes at infinity,

ΛI,g(∞) = 0, (185)

so B = 0. The saturation boundary is defined by the Schwarzschild-Compton writing length: at
r = rs the temporal writing capacity closes, so the dimensionless load reaches unity,

ΛI,g(rs) = 1. (186)

Therefore A = rs, and the exterior load is fixed as

ΛI,g(r) = rs

r
= 2GℏωC

c4r
. (187)

The factor 1/r is the integrated potential associated with a conserved 1/r2 spherical information
flux. It is the unique static spherical exterior solution with vanishing load at infinity and saturation
at rs.

The load ΛI,g is dimensionless because rs and r are both lengths:

[ΛI,g] = m
m = 1. (188)

4.3 Gravitational Clock-Rate Factor and Proper Time

The temporal writing factor in the gravitational field is introduced here as the standard gravitational
proper-time clock factor [55] [56] [57] [58]

χg(r) = dτ

dt
. (189)
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The closure law is
χ2

g + ΛI,g = 1. (190)

Substitute the gravitational load:
χ2

g + rs

r
= 1. (191)

Then
χ2

g = 1 − rs

r
, (192)

and therefore

χg(r) =
√

1 − rs

r
. (193)

This is the radial gravitational projection of the same one-bit closure law. The elementary event
carries one registered distinction; the radial load rs/r and the surviving temporal availability χ2

g

allocate the normalized capacity of that bit-event. Using

rs = 2GM
c2 , (194)

this becomes

χg(r) =

√
1 − 2GMobs

rc2 . (195)

Since
χg(r) = dτ

dt
, (196)

the gravitational proper-time relation is

dτ =
√

1 − rs

r
dt (197)

or

dτ =

√
1 − 2GMobs

rc2 dt. (198)

The sectorial thermodynamic identification gives

η
(g)
th = χg(r) = dτ

dt
. (199)

Therefore

η
(g)
th =

√
1 − rs

r
=

√
1 − 2GMobs

rc2 . (200)

Using dIdisp = dS/(kB ln 2), this same local clock factor has the entropy-registration form

(kB ln 2)dIdist
dS

=
√

1 − rs

r
=

√
1 − 2GMobs

rc2 . (201)

35



The inverse cost factor is

γ
(g)
th = 1

η
(g)
th

= dt

dτ
= 1√

1 − rs
r

. (202)

The Schwarzschild clock factor is recovered exactly as the thermodynamic registration efficiency of
the static radial gravitational sector. The entropy expression is the thermodynamic reading of the
same proper-time factor obtained from the Schwarzschild geometry.

At the Schwarzschild radius,
r = rs, (203)

the temporal factor becomes
χg(rs) = 0. (204)

The temporal writing channel reaches closure at the Schwarzschild scale. At this boundary the
radial load ΛI,g = 1 saturates the one-bit registration capacity of the static radial sector. The
realized branch has no remaining ordinary capacity for radial distinguishable-configuration writing
at this boundary.

Since
1

kB ln 2
dS

dIdist
= 1√

1 − rs
r

, (205)

the horizon limit gives

r → rs implies η
(g)
th → 0, dS

dIdist
→ ∞. (206)

From the exterior realized-time description, ordinary temporal writing capacity vanishes at the
Schwarzschild horizon, while the entropy cost of externally continuing distinguishable temporal
registration diverges.

4.4 Radial Spatial Capacity and the Schwarzschild Metric

The temporal factor χg measures the surviving temporal writing fraction. In the present theory the
metric is an informational object: it measures the bit-writing capacity and bit-registration cost of
physical distinction. Each component of g(I)

µν gives the local cost density for writing distinguishable
physical increments along the corresponding direction of the writing map.

The constant c fixes the conversion between temporal writing and spatial writing. It is the maximal
propagation and update rate of distinguishable physical change, so the temporal component of the
bit-capacity map is

gtt = −c2χ2
g. (207)

The radial component is fixed by conservation of the elementary bit-area in the local (t, r) writing
plane. In the static, spherically symmetric sector, a mass concentration loads the radial direction
singled out by the gradient of ΛI,g(r). The temporal channel and the radial continuation channel
then form a two-channel registration cell for one completed physical event. The temporal capacity
factor is

−gtt

c2 = χ2
g, (208)
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and the radial registration cost is grr.

The normalization is fixed by the elementary distinction introduced at the foundation of the theory:
one bit is the minimal invariant unit of registered physical distinction. A complete event in the
local (t, r) writing plane must preserve this elementary registration unit. Therefore the product of
temporal capacity and radial cost is the conserved bit-area of one elementary event,(

−gtt

c2

)
grr = 1. (209)

This is the informational closure of the radial sector. When mass concentration reduces temporal
writing capacity, radial continuation becomes more costly by the reciprocal factor, preserving the
one-bit event-registration cell.

Substituting gtt = −c2χ2
g gives

grr = χ−2
g . (210)

Thus the radial metric component is the reciprocal bit-registration cost required by conservation
of the local one-bit writing budget in the radial sector. Together,

gtt = −c2χ2
g, grr = χ−2

g . (211)

Because
χg(r) = (kB ln 2)dIdist

dS
, (212)

the same metric coefficients can be written directly in entropy-registration form:

gtt = −c2
[
(kB ln 2)dIdist

dS

]2
, grr =

[
(kB ln 2)dIdist

dS

]−2
. (213)

The Schwarzschild substitution
(kB ln 2)dIdist

dS
=
√

1 − rs

r
(214)

gives

gtt = −c2
(

1 − rs

r

)
, grr =

(
1 − rs

r

)−1
. (215)

The Schwarzschild metric coefficients are therefore two geometric projections of the same entropy-
registration ratio. The temporal component measures the surviving realized writing rate, while the
radial component measures the reciprocal spatial/configuration cost required by the same informa-
tional closure.

The line element is
ds2 = −c2χg(r)2dt2 + χg(r)−2dr2 + r2dΩ2. (216)

Here
dΩ2 = dθ2 + sin2 θ dϕ2 (217)

is the angular line element on the two-sphere.

Substitute
χ2

g = 1 − rs

r
. (218)
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Then
−c2χ2

gdt
2 = −

(
1 − rs

r

)
c2dt2, (219)

and
χ−2

g dr2 =
(

1 − rs

r

)−1
dr2. (220)

Therefore,

ds2 = −
(

1 − rs

r

)
c2dt2 +

(
1 − rs

r

)−1
dr2 + r2dΩ2. (221)

The units are consistent:
[c2dt2] = m2

s2 s2 = m2, (222)

[dr2] = m2, (223)

[r2dΩ2] = m2, (224)

because dΩ2 is dimensionless. Thus every term in ds2 has units of length squared.

Let
Ωwrite(r) (225)

denote distinguishable spatial writing capacity around the source. Define spatial distinguishability
schematically as

Ix(r) = log2 Ωwrite(r). (226)

Since the logarithm of a count of possible states is dimensionless,

[Ix] = bits. (227)

As the temporal writing factor decreases,

χg decreases, (228)

the radial spatial cost increases,
grr = χ−2

g increases. (229)

Radial curvature is the geometric expression of increased informational cost per distinguishable
radial step.

At the horizon,
r → rs, ΛI,g → 1, χg → 0, grr → ∞. (230)

The informational reading is that the radial load saturates the one-bit registration cell. The event
horizon is the surface on which the normalized load reaches the full capacity of one elementary
bit-event, leaving no surviving ordinary temporal-writing fraction in this effective spacetime de-
scription. The horizon is therefore the writing-capacity boundary of the realized radial geometry,
consistent with gravitational-collapse horizons [59], black-hole thermodynamics [60], and horizon-
temperature physics [61] and quantum fields in curved spacetime [62].
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4.5 Horizon Writing Capacity, Dispersed Information, and Saturation

The preceding reconstruction identifies the Schwarzschild horizon as a writing-capacity boundary:
the radius at which ordinary radial continuation in the effective spacetime description reaches
saturation. This interpretation connects directly with the standard Bekenstein–Hawking entropy-
area law, according to which the entropy of a stationary black hole is proportional to the area of its
horizon, in direct contact with the black-hole entropy tradition of Bekenstein [63] and Hawking. [64]

The local registration law gives the clock-rate mechanism:

dτ

dt
= χg(r) = (kB ln 2)dIdist

dS
=
√

1 − rs

r
. (231)

This is the local radial writing-rate level. At the horizon,

χg(rs) = η
(g)
th (rs) = 0, (232)

so the Schwarzschild surface acts as a registration boundary in the exterior realized-time description.
The Bekenstein–Hawking formula gives the total boundary capacity of that surface.

For a horizon area A, the Bekenstein–Hawking entropy is

SBH = kBA

4ℓ2P
, ℓ2P = ℏG

c3 . (233)

Equivalently, the associated horizon information in bits is

IBH = SBH
kB ln 2 = A

4ℓ2P ln 2
. (234)

For a Schwarzschild black hole,
A = 4πr2

s , rs = 2GM
c2 . (235)

Therefore,

SBH = kBπr
2
s

ℓ2P
= 4πkBGM

2

ℏc
, (236)

and
IBH = 4πGM2

ℏc ln 2 . (237)

In the language of the present paper, the horizon is the limiting surface on which distinguishable
internal configurations are counted as boundary information. At the black-hole limit, maximal
information capacity follows horizon-area scaling. This places the result within the holographic
line of thought initiated by ’t Hooft [40] and Susskind, [41] and reviewed by Bousso. [65]

The same conclusion is consistent with the Bekenstein entropy bound, [15]

S ≤ 2πkBRE

ℏc
. (238)

For a Schwarzschild black hole, R = rs and E = Mc2, giving

S ≤ 2πkBrsMc2

ℏc
= 4πkBGM

2

ℏc
= SBH. (239)
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Thus the Schwarzschild horizon saturates the entropy bound. In the present reconstruction, this
saturation has a direct informational reading: once radial writing capacity reaches the horizon
boundary, the maximal distinguishable content of the system is encoded by the boundary area.

The thermodynamic time law gives the local registration mechanism that drives the Schwarzschild
horizon to become an entropy-bearing boundary. The Bekenstein–Hawking formula gives the total
area capacity of that boundary.

The preceding subsection identified the Schwarzschild horizon as a writing-capacity boundary and
connected that boundary to the Bekenstein–Hawking entropy-area law. The present subsection
makes the informational limiting statement explicit.

The gravitational clock-rate factor is

χg(r) = dτ

dt
=
√

1 − rs

r
. (240)

The thermodynamic registration law gives the same factor as

χg(r) = η
(g)
th (r) = dIdist

dIdisp
= (kB ln 2)dIdist

dS
. (241)

At the Schwarzschild horizon,
r = rs, (242)

so
χg(rs) = 0. (243)

Therefore,
dIdist
dIdisp

to 0. (244)

This is the central informational meaning of the horizon. In the exterior realized-time description,
the ability to write further distinguishable temporal information vanishes at the horizon. The
horizon is the surface at which the exterior channel for writing distinguishable information into
realized time closes.

The total realized informational bookkeeping used throughout this paper is

Itot = Idist + Idisp. (245)

At the horizon, the exterior distinguishable-writing channel reaches the limiting condition

Ihorizon
dist to 0 (246)

as a continuing exterior temporal-registration channel. Therefore the remaining accessible infor-
mation attributed to the horizon must be represented in the dispersed, entropy-bearing sector:

Ihorizon
tot = Ihorizon

disp . (247)
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Equivalently,

χg(rs) = 0 implies Ihorizon
dist to 0 implies Ihorizon

tot = Ihorizon
disp . (248)

This is the dispersed-information reading of black-hole entropy. The horizon is the limiting surface
where externally distinguishable temporal writing disappears, so the remaining accessible informa-
tion is necessarily boundary entropy.

Using the entropy-bit relation,
Idisp = S

kB ln 2 , (249)

the horizon dispersed information is

Ihorizon
disp = SBH

kB ln 2 . (250)

With the Bekenstein–Hawking entropy,

SBH = kBA

4ℓ2P
, (251)

one obtains
Ihorizon

disp = 1
kB ln 2

kBA

4ℓ2P
. (252)

Thus,

Ihorizon
disp = A

4ℓ2P ln 2
. (253)

For a Schwarzschild black hole,
A = 4πr2

s , rs = 2GM
c2 . (254)

Therefore,

Ihorizon
disp = 4πr2

s

4ℓ2P ln 2
= πr2

s

ℓ2P ln 2
. (255)

Substituting
rs = 2GM

c2 (256)

gives

Ihorizon
disp = π

ℓ2P ln 2

(2GM
c2

)2
. (257)

Using
ℓ2P = ℏG

c3 , (258)

one obtains
Ihorizon

disp = 4πG2M2

c4
c3

ℏG ln 2 . (259)
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Hence,

Ihorizon
disp = 4πGM2

ℏc ln 2 . (260)

This is the same bit count already obtained from the Bekenstein–Hawking area law, but now its
role is explicit: it is the dispersed-information limit of gravitational time-writing collapse.

The corresponding entropy statement is

Shorizon = kB ln 2 Ihorizon
disp . (261)

Substituting the horizon bit count gives

Shorizon = kB ln 2 A

4ℓ2P ln 2
= kBA

4ℓ2P
= SBH. (262)

Thus,
Shorizon = SBH (263)

because the horizon is the limit in which the exterior distinguishable-writing channel vanishes and
all accessible boundary information is represented as dispersed information.

The same result can be written directly from the registration equation. Since

χg = (kB ln 2)dIdist
dS

, (264)

the horizon condition gives
0 = (kB ln 2)dIdist

dS
(265)

at
r = rs. (266)

For finite boundary entropy,
dShorizon ̸= 0, (267)

this requires
dIexterior

dist to 0. (268)

The entropy remains finite because the horizon does not contain zero information. It contains
information no longer available as ordinary exterior distinguishable time-writing. That information
is counted as boundary entropy:

dIhorizon = dIhorizon
disp = dSBH

kB ln 2 . (269)

This also clarifies why the entropy scales with area. Once

χg(rs) = 0, (270)
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the exterior radial continuation of ordinary distinguishable configuration-writing closes. The re-
maining information is encoded on the saturation boundary. Therefore the accessible information
is counted by the horizon area,

A = 4πr2
s , (271)

not by an interior spatial volume.

The final horizon limit can therefore be summarized as

χg to 0 implies dIexterior
dist to 0 implies dIhorizon = dIhorizon

disp implies Shorizon = SBH.

(272)

In words, black-hole entropy is the dispersed-information limit of gravitational time-writing collapse.
The event horizon is the surface where externally distinguishable temporal registration vanishes,
and the remaining accessible information becomes boundary entropy.

This interpretation supplies the registration mechanism behind the Bekenstein–Hawking area law.
The Bekenstein–Hawking formula gives the total boundary capacity. The UiT time law explains
why that capacity is thermodynamic: at the horizon, the distinguishable writing channel closes, so
the information accessible to the exterior description is necessarily dispersed horizon information.

At the Schwarzschild radius,

r = rs, χ(rs) = 0.

The local realized temporal fraction vanishes there. In the present framework this means that the
realized sector has exhausted its available capacity for further distinct temporal writing and radial
configurational continuation.

This gives the physical interpretation of the horizon. The horizon is the saturation boundary of
realized informational capacity in the effective spacetime description.

Since spatial geometry is the realized projection of configurational distinguishability, the vanishing
of χ means that ordinary radial configuration-writing has reached its limit. The same realized-
space description cannot be continued inward as if ordinary configuration capacity still remained
available.

In this sense, the classical singularity is displaced by the saturation of realized writing capacity
at the horizon. The effective configurational description reaches closure at the saturation surface.
Once χ = 0, the realized sector has exhausted its bandwidth for ordinary continuation of the same
geometric narrative.

Phase-Time Extension.

The horizon saturation derived here belongs to the realized metric branch. The phase-time ex-
tension of this horizon saturation, including the reverse projection and the white-hole reading, is
developed later after the complex phase-time field has been introduced.
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4.6 Special and General Relativity as One Capacity Geometry

The preceding reconstruction shows that special and general relativity are two projections of the
same writing-capacity geometry. The kinematic projection follows the Lorentz-Minkowski structure
[16] [17], while the static radial projection follows the Schwarzschild sector of general relativity [54].
In special relativity, the active constrained direction is the direction of motion, v̂. In the static
gravitational sector, the active constrained direction is radial, r̂. The mathematical role of the
capacity factor is the same in both cases.

In UiT, space is the available capacity to register distinguishable configurations. In special relativity,
motion consumes this capacity along the direction of motion, producing Lorentz contraction. In
gravitation, mass consumes this capacity radially around the source, producing the Schwarzschild
radial structure. These are the same informational effect expressed along different axes.

For inertial motion,

χv =

√
1 − v2

c2 , (273)

and the normalized configuration capacity available for writing distinguishable longitudinal struc-
ture is

C∥(v) =
log2 Ω∥,write(v)
log2 Ω∥,write(0) = χv. (274)

The observed length contraction is the geometric reading of this reduced longitudinal writing ca-
pacity:

L∥ = χvL0. (275)

For the static gravitational sector,

χg(r) =
√

1 − rs

r
=

√
1 − 2GMobs

rc2 . (276)

Define the corresponding normalized radial configuration capacity by

Cr(r) = log2 Ωr,write(r)
log2 Ωr,write(∞) . (277)

Then the radial gravitational sector has the same capacity form,

Cr(r) = χg(r). (278)

Thus the two reductions differ by the direction singled out by the physical load:

C∥(v) = χv along v̂, Cr(r) = χg(r) along r̂. (279)

The standard relativistic classification is preserved inside this capacity reading. The special-
relativistic sector is flat Minkowski spacetime with a directional kinematic capacity reduction along
v̂. The gravitational sector is curved spacetime with a radial source-centered capacity reduction
along r̂. The common UiT content is the writing-capacity law: motion and gravitation select
different axes for the same loss of available configuration states.
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The common law is
χ2 + ΛI = 1.

Therefore
χ =

√
1 − ΛI . (280)

The sectorial thermodynamic identification is

η
(sector)
th = χsector = dτ

dt
, γ

(sector)
th = 1

η
(sector)
th

= dt

dτ
. (281)

Thus the unified entropy-registration law is

ηth = χ =
√

1 − ΛI , (282)

or equivalently

(kB ln 2)dIdist
dS

=
√

1 − ΛI . (283)

The inverse cost factor is

γth = 1
ηth

= 1√
1 − ΛI

= 1
kB ln 2

dS

dIdist
. (284)

In the special-relativistic projection, the load is directional,

ΛI,v = v2

c2 .

In the Schwarzschild projection, the load is radial,

ΛI,g = rs

r
.

For the special-relativistic load,

ΛI = ΛI,v = v2

c2 , (285)

so
γ

(v)
th = 1√

1 − v2

c2

= γI . (286)

For the Schwarzschild load,
ΛI = ΛI,g = rs

r
, (287)

so
γ

(g)
th = 1√

1 − rs
r

. (288)

Special relativity and the static Schwarzschild sector of general relativity are recovered as two load
choices of the same thermodynamic registration law. The same entropy-registration ratio becomes
the Lorentz clock factor in the kinematic projection and the Schwarzschild clock factor in the radial
gravitational projection.
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Thus Lorentz contraction and Schwarzschild radial curvature express the same loss of distinguish-
able configuration-writing capacity along different axes.

The temporal part remains the Einsteinian time-dilation structure: clocks run according to the
surviving temporal-writing fraction χ. The spatial part receives an informational reading: spatial
geometry measures the available configuration capacity for writing distinguishable physical states.
In motion, reduced writing capacity gives longitudinal contraction along v̂. In gravity, reduced
writing capacity is organized radially around the mass source and appears as radial spatial cost and
curvature. The reciprocal metric coefficient is then the cost representation of the same reduction.
In the radial gravitational sector,

Cr(r) = χg(r), grr = Cr(r)−2 = χg(r)−2. (289)

In the longitudinal inertial sector,

C∥(v) = χv, L∥ = C∥(v)L0 = χvL0. (290)

This is the bridge between the scalar relativistic reconstruction and the metric construction that
follows: SR is the directional, kinematic capacity reduction along the velocity axis; GR is the
radial, source-generated capacity reduction around mass. Both express the same loss of available
configuration states for writing distinguishable information.

4.7 Free Fall and the Equivalence Principle: Temporal and Radial Spatial
Matching

The preceding subsections have built the two relativistic capacity factors separately from the stan-
dard Lorentz and Schwarzschild structures. In the kinematic sector, motion selects the direction of
motion and gives

χv =

√
1 − v2

c2 , γv = 1
χv
.

In the static Schwarzschild sector, mass selects the radial direction and gives

χg(r) =
√

1 − rs

r
,

√
grr(r) = 1√

1 − rs/r
.

The equivalence principle can now be read directly in the clean radial case of a body falling from rest
at infinity, in continuity with the standard theoretical and experimental literature on equivalence-
principle tests [73] [74] [75]. At every radius r along this trajectory, the locally measured velocity
satisfies

v(r)2

c2 = 2GMobs
rc2 = rs

r
, rs = 2GM

c2 .

In UiT language this is the equality of the inertial and gravitational load projections,

ΛI,v = v(r)2

c2 , ΛI,g = rs

r
, ΛI,v = ΛI,g.

Both are projections of the same scalar capacity closure,

χ2 + ΛI = 1.
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The gravitational and inertial sectors therefore share the same available clock-rate factor once the
free-fall condition is imposed.

Temporal matching. The Lorentz clock-rate factor of the falling body is

χv(r) =

√
1 − v(r)2

c2 .

Using the free-fall relation,
v(r)2

c2 = rs

r
,

one obtains
χv(r) =

√
1 − rs

r
.

But the Schwarzschild gravitational clock-rate factor at the same radius is

χg(r) =
√

1 − rs

r
=

√
1 − 2GMobs

rc2 .

Therefore, along the entire radial free-fall trajectory,

χv(r) = χg(r),

or explicitly, √
1 − v(r)2

c2 =

√
1 − 2GMobs

rc2 .

The falling body acquires exactly the velocity whose Lorentz clock factor matches the gravitational
clock factor of the radius it has reached. Free fall is therefore the dynamical process by which the
body remains time-matched to the local gravitational field.

Radial spatial matching. The same free-fall relation also matches the longitudinal spatial factor
of special relativity to the radial spatial factor of Schwarzschild geometry. In special relativity, the
longitudinal length contraction is

L∥ = χvL0,

so the reciprocal spatial cost factor in the direction of motion is

γv(r) = 1
χv(r) = 1√

1 − v(r)2/c2 .

In the Schwarzschild radial sector, the physical radial distance element is

dℓr = dr√
1 − rs/r

,

so √
grr(r) = 1√

1 − rs/r
.

Using again
v(r)2

c2 = rs

r
,
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one obtains
γv(r) =

√
grr(r),

or explicitly,
1√

1 − v(r)2/c2 = 1√
1 − rs/r

.

Thus the motion-generated longitudinal spatial cost factor reproduces the radial spatial cost factor
of the gravitational field.

Together, the temporal and radial spatial equalities give

χv(r) = χg(r), γv(r) =
√
grr(r).

This is the radial Schwarzschild-sector proof of the equivalence principle in the present recon-
struction: in free fall from rest at infinity, the Lorentz temporal and longitudinal spatial factors
acquired by motion exactly reproduce the Schwarzschild temporal and radial spatial factors of the
gravitational field.

Equivalently, free fall is the dynamical process by which the Lorentz factors of motion become
identical to the local Schwarzschild factors of the gravitational field. The body converts the grav-
itational time and radial-space structure of the field into the temporal and longitudinal spatial
factors of its own motion. This is why the freely falling frame is locally inertial: locally, the kine-
matic factors generated by motion and the geometric factors generated by the gravitational field
are the same factors.

4.8 The Meaning of the Gravitational Constant G

The equivalence relation derived above gives the local free-fall matching between Newtonian escape-
speed structure and Schwarzschild clock-rate structure [83] [54].

v(r)2

c2 = rs

r
= 2GMobs

rc2 .

Thus the gravitational constant appears as the scale that connects source mass, radial distance,
and the free-fall velocity required to match the local Schwarzschild factors. Solving for G gives

G = rv(r)2

2M .

This expression should not be read as a new definition of G; it is the standard gravitational constant
read inside the equivalence-principle matching structure tested in modern relativity experiments
[74]. It is a physical reading of the same constant inside the free-fall equivalence relation. The
constant G fixes how strongly a mass M sets the radial load

ΛI,g = rs

r
= 2GMobs

rc2 ,

and therefore how much velocity a freely falling body must acquire in order for its Lorentz factors
to match the local Schwarzschild factors.
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In this sense, G sets the scale of gravitational time-depth and radial spatial cost produced by mass.
The free-fall condition then converts that gravitational load into the kinematic load

ΛI,v = v(r)2

c2 .

The equality
ΛI,v = ΛI,g

shows that G fixes the conversion scale between the gravitational field’s radial load and the motion
required for local equivalence. The temporal and radial spatial matching derived above are the
geometric expression of this conversion.
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4.9 The Empty-Time Limit and the Physical Closure of Registration

The preceding sections developed the informational structure of spacetime in terms of three sectors,

Ipot, Idist, Idisp, (291)

together with the local realized clock-rate factor

χ = dtphys
dtcoord

. (292)

Within this structure, space is associated with available distinguishability capacity, while physical
time is associated with the realized registration of distinguishable information. The purpose of the
present section is to state the corresponding logical closure in its sharpest form.

The question is whether a physically meaningful interval of time can exist when no distinguishable
information changes.

The operational content of the question is simple. If all informational change is halted, no observer
inside the system can experience the passage of time, since experience itself requires changing
informational states. No memory of an interval can be formed, since memory is a physical record,
and record formation carries the thermodynamic writing logic of physical information [27]. No
before-and-after relation can be established, since such a relation requires distinguishable records.
Thus one second, one year, and one million years become physically indistinguishable within the
frozen-information limit.

A defender of independent time may still introduce an external coordinate parameter. Reversible-
computation arguments clarify why a formal parameter can be separated from irreversible record
creation [28]. This preserves a formal label and leaves the physical issue open. It divides the word
“time” into two different notions: a physical time associated with clocks, records, entropy, phase
evolution, and distinguishable change; and an empty coordinate label that advances without any
physical distinction. The latter is a mathematical or metaphysical extension external to operational
physical time. The empty-time limit therefore forces the conclusion that physical time obtains its
content from informational change, in the same record-based sense emphasized by decoherence and
arrow-of-time analyses [25] [45].

Consider an interval between two coordinate labels t1 and t2, with

∆tcoord = t2 − t1 > 0. (293)

Suppose that throughout this interval no distinguishable physical information is registered:

∆Idist = 0. (294)

Since Idist is the sector of realized, physically distinguishable information, this condition means that
no physical distinction changes. No record is written, no state becomes distinguishable from an-
other, no clock process registers a tick, and no physical configuration acquires a new distinguishable
relation.
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The realized temporal interval is defined through the local clock-rate factor,

dtphys = χdtcoord. (295)

The clock-rate factor is the sectoral realization of the informational registration ratio,

χsector = η
(sector)
th = dIdist

dIdisp
, (296)

For the local channel under discussion, χsector is written simply as χ, with

dIdisp = dS

kB ln 2 . (297)

Equivalently, the dimensionless temporal-registration ratio is

dt∗ = dIdist
dIdisp

= kB ln 2 dIdist
dS

. (298)

Therefore, in the empty-time limit,
dIdist = 0, (299)

one obtains
dt∗ = 0, (300)

and hence
χ = 0. (301)

Substitution into the physical-time relation gives

dtphys = χdtcoord = 0 · dtcoord = 0. (302)

Thus,
dIdist = 0 implies dtphys = 0. (303)

This is the empty-time closure.

It states that coordinate advancement without distinguishable registration carries no realized tem-
poral content. The parameter tcoord remains a label; the physical interval vanishes.

In finite form,
∆Idist = 0 implies ∆t∗ = 0, (304)

∆tphys =
∫ t2

t1
χdtcoord = 0. (305)

Therefore two coordinate labels separated by ∆tcoord > 0 but carrying no change in Idist correspond
to the same realized physical state:

Idist(t2) = Idist(t1), Idisp(t2) = Idisp(t1), χ(t) = 0, (306)
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and so
∆tphys = 0. (307)

The apparent interval is therefore a coordinate redundancy: it labels an interval that no physical
process can experience, record, measure, or distinguish.

This gives the logical core of the argument:

∆tphys > 0 implies ∆Idist > 0. (308)

and equivalently,
∆Idist = 0 implies ∆tphys = 0. (309)

The result is not an additional postulate. It follows from the previously defined identification of
physical time with realized registration.

The contrast with spatial extension is immediate in the existing notation. A spatial region may be
empty of realized events while still carrying potential distinguishability capacity:

Ispace
pot > 0. (310)

A point or region of space can therefore remain physically meaningful as available registration
capacity, even before a particular event is realized there.

Time has a different operational role in the theory. Physical time is the realized progression of
registration. Hence, in the absence of realized distinction,

∆Idist = 0, (311)

there is no corresponding realized temporal interval.

This gives the compact informational distinction:

space: Ipot (312)

time: dIdist (313)

or, in the language already developed earlier,

spatial extension corresponds to capacity for distinguishability, (314)

physical time corresponds to realized distinguishability. (315)

The empty-time limit also clarifies the relativistic meaning of χ. In ordinary relativistic language,
physical clock time is proper time along a physical process. In the present notation,

dτ = χdt. (316)

For the Schwarzschild case developed earlier,

χg(r) =
√

1 − rs

r
. (317)
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At the horizon,
r = rs, (318)

so
χg(rs) = 0. (319)

Therefore,
dτ = 0. (320)

In the informational interpretation, the horizon is the limiting surface at which external temporal
registration capacity vanishes. This is the physical interpretation of what the relativistic metric is
measuring: the collapse of realized clock-rate capacity in a particular registration channel.

The same structure appears in the general empty-time argument. Whenever the realized registra-
tion factor vanishes,

χ = 0, (321)

the physical temporal interval vanishes:

dtphys = 0. (322)

Thus the “flow of empty time” is not a physical degree of freedom. It is the continuation of a
coordinate label after the registration content has disappeared.

The final closure can be written as:

dtphys = χdtcoord, χsector = η
(sector)
th = dIdist

dIdisp
, dIdisp = dS

kB ln 2 (323)

so that
dIdist = 0 implies χ = 0 implies dtphys = 0. (324)

This is the physical closure of the empty-time paradox.

A coordinate interval without distinguishable registration can be written mathematically. A phys-
ical temporal interval is realized only through the writing of distinguishable information.

5 Metric and Tensor Completion and the Informational Graviton

This section lifts the scalar clock-rate factor into the tensorial metric structure. It then develops
the informational field equation, the shared time-factor reading of equivalence, angular information
flux, and capacity-update quanta.

5.1 Tensor Completion of the Informational Metric

The preceding construction was written in the static radial sector, where the informational writing
factor reduces to the scalar field χg(r). This scalar presentation is the radial projection of a
tensorial structure. The tensorial form follows from two principles already introduced: invariance
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of distinguished information and local continuity of information flux, expressed with the standard
geometric machinery of tetrads and metric fields [66] [67] [68].

The number of distinguished bits written into realized physical structure is a scalar quantity. It ex-
presses physical registration itself and therefore has the same value in every coordinate description.
Let the dimensionless informational writing interval be defined by

dI2
dist = η

(I)
ab dI

adIb, η
(I)
ab = diag(−1, 1, 1, 1), (325)

where dIa are the elementary writing-channel increments, including temporal and spatial registra-
tion. A coordinate transformation may relabel the increments, while the total distinguished writing
interval remains fixed.

Mass-information modifies this invariant writing space by changing the local registration cost. A
concentration of mass-information Im loads the temporal channel and also changes the spatial
writing capacity available to neighboring increments. In general this cost is direction-dependent.
The local writing capacity Ωwrite therefore becomes anisotropic, so temporal, radial, angular, and
dynamical increments can carry different registration costs.

Maintaining the scalar invariance of dIdist under this direction-dependent writing cost requires a
local transformation from the flat writing basis to a curved writing basis. This transformation is
represented by informational writing tetrads ea

µ. Each tetrad component represents the locally
available writing power along the corresponding physical direction. The natural covariant object is
therefore an effective informational metric,

ds2 = g(I)
µν (x) dxµdxν , (326)

where g(I)
µν is the capacity map of spacetime writing. The informational interval dIdist is the nor-

malized writing interval measured in elementary distinctions, while ds2 is its physical geometric
representation after the writing tetrads convert coordinate increments into cost-weighted spacetime
intervals. Thus the metric coefficients act as bit-capacity conversion factors, while the line element
retains the ordinary physical units of spacetime geometry.

The physical metric is obtained from the writing tetrads by

g(I)
µν = η

(phys)
ab ea

µe
b
ν , (327)

with
η

(phys)
ab = diag(−c2, 1, 1, 1). (328)

The static radial sector derived above is recovered by choosing

e0
t = χg, e1

r = χ−1
g , e2

θ = r, e3
ϕ = r sin θ. (329)

These writing tetrads give
g

(I)
tt = −c2χ2

g, g(I)
rr = χ−2

g , (330)

together with the ordinary angular sector r2dΩ2. Thus the radial result is the diagonal static
projection of the informational metric. The scalar χg is the temporal writing component of a
covariant writing structure, and the reciprocal radial component is the corresponding radial writing
cost required by static flux continuity.
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5.2 Ricci Scalar and the Variational Field Equation

The next step is fixed by information-flux continuity. The noncovariant continuity law,

∂ρI

∂t
+ ∇ · JI = 0, (331)

becomes, in covariant form for the local source sector,

∇µT
µν
(I) = 0. (332)

When the homogeneous temporal-writing term is dynamical, the conserved object is the total source
defined below. The field equation must therefore equate the informational source, including any
homogeneous vacuum-writing component, to a conserved tensor built from the capacity map g

(I)
µν .

This can be obtained variationally from the invariant four-volume element of the writing map. The
invariant four-volume element of the writing map is

dΩI = d4x
√

−g(I). (333)

The lowest-order local scalar that measures nonuniformity of this capacity map is the Ricci scalar
R[g(I)]. This is the minimal covariant choice: it is local, scalar, second-order in the metric through
curvature, and leads to second-order field equations with a covariantly conserved variational re-
sponse. Higher-curvature scalars such as R2 or RµνR

µν represent higher-order response terms
beyond the minimal reconstruction. Hence the minimal curvature action for the informational
capacity field is

Acap = c3

16πG

∫
d4x

√
−g(I)

(
R[g(I)] − 2Λτ

)
. (334)

Here Λτ denotes the homogeneous temporal-writing contribution to the capacity action. The no-
tation distinguishes it from the local dimensionless load ΛI used in the scalar closure law. The
measure is written in the same convention used throughout the paper, with x0 = t and gtt carrying
the required factor of c2; equivalently one may pass to x0 = ct, where the standard Einstein-Hilbert
normalization is recovered.

The informational source action is denoted by A(I)
src . In the x0 = t convention used here, the metric

variation defines the informational stress-energy tensor by

T (I)
µν = − 2c√

−g(I)

δA(I)
src

δgµν
(I)

. (335)

Equivalently, if the invariant measure is written with x0 = ct, the factor of c is absorbed into
the four-volume element and the standard definition is recovered. This convention keeps the final
coupling in the usual form 8πG/c4. Stationarity of the total informational action,

δ
(
Acap + A(I)

src

)
= 0, (336)

gives

δAcap = c3

16πG

∫
d4x

√
−g(I)

(
Gµν [g(I)] + Λτg

(I)
µν

)
δgµν

(I), (337)
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and
δA(I)

src = − 1
2c

∫
d4x

√
−g(I) T (I)

µν δg
µν
(I). (338)

Because the variation δgµν
(I) is arbitrary, the equilibrium equation is

Gµν [g(I)] + Λτg
(I)
µν = 8πG

c4 T (I)
µν . (339)

For a constant homogeneous term this equation is compatible with the separate covariant conser-
vation of T (I)

µν . If the temporal-writing background is allowed to vary, the Bianchi identity requires
conservation of the total information source, matter plus vacuum-writing contribution:

∇µ

(
T (I)

µν − c4

8πGΛτg
(I)
µν

)
= 0. (340)

Equivalently,

∇µT (I)
µν = c4

8πG ∂νΛτ . (341)

Thus a time-dependent Λτ is not added as an independent violation of conservation; it represents
exchange between the ordinary informational source and the homogeneous temporal-writing sector.

In this derivation, the Einstein tensor is the variational response of the minimal scalar action for
the writing-capacity map. Lovelock’s theorem supplies the uniqueness statement [69]: in four di-
mensions, for a symmetric rank-two tensor built locally from the metric and its first two derivatives,
with second-order field equations and covariant conservation, the Einstein tensor plus a cosmological
term is the unique completion, matching Einstein’s field-equation structure [70].

The curvature tensors are constructed from g
(I)
µν in the usual covariant way [71], as in standard

treatments by Misner, Thorne, and Wheeler [67] and Wald. [68] The connection is

Γρ
µν = 1

2g
ρσ (∂µgνσ + ∂νgµσ − ∂σgµν) , (342)

and the curvature is

Rρ
σµν = ∂µΓρ

νσ − ∂νΓρ
µσ + Γρ

µλΓλ
νσ − Γρ

νλΓλ
µσ. (343)

The Einstein tensor built from the informational metric is

Gµν [g(I)] = Rµν − 1
2Rg

(I)
µν . (344)

It measures covariant nonuniformity in writing capacity.

5.3 Informational Stress-Energy Tensor

The corresponding source tensor is the covariant compilation of the writing channels defined above,
written in the standard role played by stress–energy as the source of spacetime geometry [70]. In
a local proper volume dV0, define the mass-writing-rate density, temporal-registration density, and
dispersive-information density by

Rm = dIm

dτ dV0
, Nτ = dIτ

dV0
, Ndisp = dIdisp

dV0
. (345)
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The volume element dV0 is the local proper coarse-graining volume. It is assumed to contain
many elementary information-update cells while remaining small compared with the macroscopic
curvature, clock-rate, and thermodynamic-gradient scales. The continuum tensor below is there-
fore the hydrodynamic limit of discrete writing updates, not an additional microscopic postulate.
We introduce the constitutive informational energy density carried by the mass-information and
temporal-registration channels,

εI = hRm + kBT ln 2 Nτ . (346)

Here T denotes the local effective temperature of the dispersive registration reservoir. The density
Rm has units m−3s−1, so hRm has units J m−3; Nτ has units m−3, so kBT ln 2 Nτ also has units
J m−3. The Landauer-based thermodynamic closure that motivates this term was developed in the
thermodynamic time section above. The units close directly:

[hRm] = J
m3 , [kBT ln 2 Nτ ] = J

m3 . (347)

Thus the local energy-density component is a constitutive expression of the same mass and temporal-
writing channels already introduced in the physical writing-channel section.

The motion-information channel enters through the four-velocity

uµ = dxµ

dτ
, g(I)

µν u
µuν = −c2. (348)

It is the covariant form of the normalized updating rate dIx/dIt = v/c. In a local orthonormal
frame, the coherent transported part of the source tensor is

T âb̂
coh = εI

c2 u
âub̂, (349)

so that motion-information supplies the momentum and energy-flux components as well as the
transported spatial momentum flux.

The dispersive channel supplies entropy density,

sI = kB ln 2 Ndisp, (350)

and therefore pressure and stress through the response of dispersive free energy to changes in spatial
configuration capacity. In spatial form this response is

pI = −
(
∂Fdisp
∂V

)
T,I

, (351)

with the anisotropic stress given by the metric variation of the dispersive free energy,

σ
(I)
ij = − 2

√
γ

δFdisp
δγij

. (352)

Here γij is the induced spatial metric. In the isotropic limit σ(I)
ij = pIγij ; direction-dependent

configuration loss contributes anisotropic stress.

Following the usual covariant fluid decomposition of stress–energy [68], the full informational stress-
energy tensor is therefore

T (I)
µν = εI

c2 uµuν + 1
c2

(
uµq

(I)
ν + uνq

(I)
µ

)
+ pIhµν + π(I)

µν , (353)
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where
hµν = g(I)

µν + uµuν

c2 . (354)

The spatial energy flux q(I)
µ and the anisotropic stress π(I)

µν obey

uµq(I)
µ = 0, uµπ(I)

µν = 0, πµ
µ = 0. (355)

In the perfect informational-fluid limit, where directional heat flux and anisotropic stress vanish,

q(I)
µ = 0, π(I)

µν = 0, (356)

the source reduces to
T (I)

µν = εI + pI

c2 uµuν + pIg
(I)
µν . (357)

The equilibrium field equation for a conserved information flux is therefore

Gµν [g(I)] + Λτg
(I)
µν = 8πG

c4 T (I)
µν . (358)

The additional homogeneous term is allowed by Lovelock’s theorem and by the contracted Bianchi
identity. In the present reconstruction it is retained as an informational term: Λτ is the homoge-
neous background component of the temporal-writing capacity of the vacuum. Local sources enter
through T

(I)
µν , while the term Λτg

(I)
µν represents the isotropic background writing pressure of the

metric itself. The coupling 8πG/c4 is fixed by the weak-field limit of the Compton–Schwarzschild
load. In that limit, the temporal capacity factor satisfies gtt = −c2(1 − rs/r), and the temporal-
gradient force recovers Newtonian gravity. The same constant therefore relates information-energy
density to writing-capacity curvature in the covariant theory.

This is the tensorial completion of the scalar closure relation. The scalar law χ2 + ΛI = 1 is
the single-axis projection of the finite writing budget, while the tensor equation distributes that
same budget across energy density, momentum flux, pressure, and anisotropic stress. The static
Schwarzschild sector is the spherically symmetric projection of this covariant informational balance.

In this reading, the curvature tensor is the differential bookkeeping of writing-capacity variation.
Neighboring events with different local writing power define a nonzero connection; closed com-
parisons of writing directions define curvature. The Einstein tensor Gµν [g(I)] measures covariant
erosion, redistribution, or imbalance of writing capacity across neighboring regions. The tensorial
structure is the covariant completion of the same conservation principle that first appeared as the
scalar relation χ2 + ΛI = 1.

5.4 Directional Information Flux and the Mixed Time-Angular Metric Com-
ponent

A rotating source carries mass-writing density together with angular information flux. In the static
spherical case the exterior information flux is purely radial. In the rotating case the source has
angular momentum

J = Mac, (359)
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where a = J/(Mc) is the usual rotational length parameter. The information flux therefore has an
azimuthal component,

Jϕ
I ̸= 0. (360)

A nonzero angular information flux means that temporal registration and azimuthal registration
are no longer independent writing directions. The elementary writing interval must include a mixed
time-angular term,

ds2
tϕ = g

(I)
tt dt

2 + 2g(I)
tϕ dt dϕ+ g

(I)
ϕϕdϕ

2. (361)

Since dt has units of seconds and dϕ is dimensionless in this convention, the mixed coefficient must
have units

[g(I)
tϕ ] = m2/s. (362)

The mixed term is determined by the weak-field angular flux load. This load follows from a
stationary axial flux equation. Let ΩI(r) denote the angular writing-drag rate produced by the
rotating source. In the vacuum exterior there is no local torque-source of angular information, so
the radial flux of angular writing moment is conserved. In the slow-rotation, weak-field sector this
gives the axial capacity equation

d

dr

(
r4dΩI

dr

)
= 0, r > rs. (363)

The factor r4 is the axial-flux measure of rotational registration. One factor r2 is the spherical area
through which the angular-writing flux is transported; the second factor r2 is the areal angular
moment arm associated with rotational writing. Thus the conserved quantity is a flux of angular
writing moment.

The first integration gives
r4dΩI

dr
= −3CJ , (364)

and the second gives
ΩI(r) = CJ

r3 + Ω∞. (365)

The exterior angular writing drag must vanish at infinity, so Ω∞ = 0. The integration constant
is fixed by the two source lengths that characterize a rotating mass: the gravitational saturation
length rs and the rotational length a = J/(Mc). Dimensional closure requires

[CJ ] = m3/s, CJ = crsa, (366)

so that
ΩI(r) = crsa

r3 . (367)

This is the informational analogue of the weak-field frame-dragging angular rate generated by a
conserved axial angular-momentum flux. The angular capacity load is the dimensionless fraction
of angular writing dragged during one areal angular step. Since the physical angular arc is r dϕ
and regular axial rotation vanishes on the symmetry axis, the leading axial projection is sin2 θ:

ΛI,J(r, θ) = r

c
ΩI(r) sin2 θ = rsa

r2 sin2 θ. (368)
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Thus the r−2 rotational load is not an independent multiplication rule. It is the dimensionless
angular-writing load generated by a vacuum axial drag rate ΩI ∝ r−3 and by the areal angular
conversion factor r/c.

The corresponding time-angular capacity coefficient must convert this dimensionless load into the
units of gtϕ, which are supplied by cr in the areal angular direction. Therefore

g
(I)
tϕ ≃ −crΛI,J(r, θ) = −crsa

r
sin2 θ. (369)

Using
rs = 2GM

c2 , a = J

Mc
, (370)

this becomes

g
(I)
tϕ ≃ −2GJ

c2r
sin2 θ. (371)

The dimensions close directly:[
GJ

c2r

]
= m3 kg−1 s−2 kg m2 s−1

m2 s−2 m = m2/s. (372)

Thus the leading off-diagonal, frame-dragging component is recovered as the capacity-map expres-
sion of angular information flux. The result is the weak-field rotating limit of the Kerr time-angular
structure [76] and the Lense–Thirring dragging effect [77].

With the energy-writing channels now defined, the common configuration-gradient force law is
written as

F = −Einv∇χ. (373)

For massive matter,
Einv = mc2, (374)

so the massive limit is
F = −mc2∇χ. (375)

For light,
Einv = Eγ = hν = pc. (376)

In gravitation, χ = χg(r). In inertia, χ = χv(v). The common variable is the temporal writing
field χ. The common dynamical scale is the appropriate invariant energy scale Einv. The common
force structure is the gradient or effective gradient of temporal writing capacity.

This supplies the informational form of the equivalence principle:

gravity and inertia are responses to gradients or changes in the same temporal writing
field χ. [72]

61



5.5 Metric Capacity Updates and Gravitational Waves

The preceding tensor equation also clarifies the status of the graviton within the present reconstruc-
tion. In the standard particle picture, force carriers such as photons or gluons are bosonic excitations
propagating on an already defined spacetime background. Perturbative and effective-field-theory
treatments of quantum gravity describe low-energy gravitons as spin-2 metric excitations in this
sense. [78] [79] [80] They are contents written on the capacity map. In the present reconstruction,
gravitation is the response of the capacity map itself to finite information writing. The gravitational
quantum is therefore not introduced as a standard matter-like exchange particle propagating on a
fixed background. It is interpreted as the elementary update of the writing-capacity field.

The reason is direct. Physical information is written in elementary distinguishability units, and
the maximal update of spatial distinction is Planck-normalized:

ℓP =

√
ℏG
c3 , tP =

√
ℏG
c5 , c = ℓP

tP
. (377)

Hence a change in gravitational capacity cannot be an arbitrarily divisible classical deformation.
It must be built from discrete updates of the information-writing map. Let the local capacity state
be represented schematically by g(I)

µν . An elementary gravitational update is then

δg(I)
µν

∣∣
elem, (378)

the smallest distinguishable change in the local registration capacity consistent with the Planck
writing cell. The corresponding update rate is

ġ(I)
µν =

δg
(I)
µν

∣∣
elem

tP
. (379)

In this sense, the informational graviton is the quantum of capacity update: the elementary bit
of change by which the metric writing map adjusts to a change in mass-information, motion-
information, temporal-registration cost, or angular information flux.

A gravitational wave is then a propagating ripple of capacity updates, described macroscopically in
the metric-perturbation language of general relativity and gravitational-wave theory [67] [81] [82].
Its macroscopic description is a wave in the metric perturbation hµν , where

g(I)
µν = ηµν + hµν . (380)

The informational reading is

hµν = coarse-grained propagation of elementary capacity updates. (381)

Thus the graviton expected by this theory is the discrete update quantum of spacetime writing
capacity. The quantized object is the update rule of the page, the capacity rule through which
metric writing proceeds.

This preserves quantum gravity inside the theory as the quantum-informational character of the
capacity map. Since gravity is the dynamics of information-writing capacity, and the writing
capacity is defined at finite Planck resolution, the gravitational field is quantum at the level of
its elementary updates. The missing graviton is therefore read as the missing capacity-update
quantum of the metric-writing rule.
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5.6 Unified Force Mechanism: Massive Matter and the Compton Writing Scale

Mass-information is carried by the invariant Compton writing rate

İm = mc2

h
. (382)

The associated invariant energy scale is

Em = mc2. (383)

A gravitational field changes the local temporal writing factor,

χg(r) = dτ

dt
. (384)

The internal mass-writing rate remains invariant, while the local temporal field varies with position.
The energy associated with embedding the invariant mass channel in the local temporal writing
field is therefore

Eembed(r) = mc2χg(r). (385)

Here
[mc2] = J, [χg] = 1, (386)

so
[Eembed] = J. (387)

The complementary mismatch magnitude is

ET (r) = mc2 (1 − χg(r)) . (388)

This quantity measures the departure from the undistorted temporal field: ET = 0 when χg = 1,
and ET grows as the available temporal writing fraction decreases. The force-producing potential
is the realized embedding energy

U(r) = mc2χg(r). (389)

The distinction fixes the sign. Since

∇ (1 − χg) = −∇χg, (390)

deriving the attractive branch from the mismatch magnitude would reverse the direction. The
physical force branch is generated by the negative gradient of the realized embedding potential U .

A spatial gradient in this embedding energy produces force:

Fr = −dEembed
dr

. (391)

Thus,
Fr = − d

dr

(
mc2χg(r)

)
. (392)

For constant test mass m,
Fr = −mc2dχg

dr
. (393)
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Now use
χg(r) =

√
1 − rs

r
. (394)

Differentiate:
dχg

dr
= 1

2

(
1 − rs

r

)−1/2 d

dr

(
1 − rs

r

)
. (395)

Because
d

dr

(
1 − rs

r

)
= rs

r2 , (396)

we obtain
dχg

dr
= 1

2

(
1 − rs

r

)−1/2 rs

r2 . (397)

Therefore,

Fr = −mc2 1
2

(
1 − rs

r

)−1/2 rs

r2 . (398)

So
Fr = −mc2rs

2r2
1√

1 − rs
r

. (399)

For a source mass M ,
rs = 2GM

c2 . (400)

Substitute this into the force:
Fr = −mc2

2r2
2GM
c2

1√
1 − rs

r

. (401)

Cancel c2:

Fr = −GMm

r2
1√

1 − rs
r

. (402)

In the weak-field limit of general relativity [68],

r ≫ rs, (403)

so
rs

r
≪ 1, (404)

and √
1 − rs

r
≈ 1. (405)

Thus,

Fr ≈ −GMm

r2 . (406)

The units are [
GMm

r2

]
= (m3 kg−1 s−2)(kg)(kg)

m2 = kg m s−2 = N. (407)

Newtonian gravity is recovered as the weak-field limit of the temporal writing gradient. [83]
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The force law obtained here is
F = −mc2∇χ. (408)

In the gravitational case,
χ = χg(r). (409)

The force law expresses the energetic mismatch between invariant internal mass-writing and a
spatially varying temporal writing field. Gravitation is the spatial gradient of that mismatch. A
massive body carries an internal Compton writing rate; in a nonuniform χ-field, the local capacity
for realizing that rate changes with position. Gravitational fall is the dynamical response of this
internal Compton register to a gradient in temporal registration capacity. In the present recon-
struction, Fχ = −mc2∇χ gives the static configuration-gradient force associated with holding or
comparing a massive body across neighboring values of the temporal writing field. In the conven-
tional geometric language of general relativity, free motion is represented as geodesic motion in
an effective metric. The two descriptions are therefore different representations of the same grav-
itational dynamics: the temporal-gradient expression is the configuration-gradient representation,
while the Einsteinian geodesic is the metric representation.

5.7 Massless Signals and Photon Energy as the Invariant Scale

The same temporal-gradient mechanism also applies to light once the energy scale is written in the
correct channel. For a massive body the relevant invariant energy scale is the rest energy,

Em = mc2. (410)

For a photon or massless signal the corresponding invariant energy scale is the photon energy,

Eγ = hν = ℏω = pc. (411)

Here Eγ denotes the transported photon-energy scale associated with the stationary external time
parameter, equivalently the conserved Killing energy E∞ in the static description and the reference
energy measured at infinity in the weak-field scattering setup. It is not the locally redshifted energy
assigned by each static observer along the ray. [57] With this convention, Eγ is held fixed when
taking the spatial gradient of the temporal field.

The coupling of a photon to the same temporal writing field follows from the energy-information
channel. Any coherent energy carrier of energy E carries a phase-writing rate

İE = E

h
, (412)

because one period of phase writing corresponds to one elementary cycle of distinguishable update.
For massive matter at rest this gives

İE = mc2

h
= İm, (413)

which is the Compton mass-writing channel already used above. For a photon the same energy-
writing rule gives

İγ = Eγ

h
= ν, (414)
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with
Eγ = hν = ℏω = pc. (415)

Thus the photon has no rest-mass Compton channel, but it does have an energy-frequency writing
channel. The invariant quantity that couples to the temporal capacity factor is therefore the
conserved transported energy of the carrier:

Einv =

mc2, massive rest-energy channel,
Eγ , photon energy-frequency channel.

(416)

This is the same energy-to-writing-rate relation applied to two different channels. Massive matter
carries internal Compton writing, while light carries transported phase writing. Both consume
temporal registration capacity through their conserved energy scale.

The realized embedding energy of a photon in the local gravitational temporal field is

Uγ(r) = Eγχg(r). (417)

Here
[Eγ ] = J, [χg] = 1, (418)

so
[Uγ ] = J. (419)

Taking the negative spatial gradient gives the force-like momentum-change law for the photon,

Fγ = −∇Uγ = −∇
(
Eγχg

)
. (420)

With the photon energy treated as the transported invariant energy scale along the ray, this becomes
the effective momentum-gradient law

Fγ = −Eγ∇χg. (421)

This is a force-like law for the rate and direction of photon momentum change in the temporal
gradient, not a rest-mass force acting on a massive particle. The units close directly:

[Eγ∇χg] = J m−1 = N. (422)

Equivalently, the photon carries the effective gravitational energy scale

Eγ

c2 (423)

in the same temporal-gradient law,

Fγ = −Eγ

c2 c
2∇χg = −Eγ∇χg. (424)

Thus light responds to the gravitational temporal gradient through its photon energy. The massive
expression and the massless expression are the same rule written with the appropriate invariant
energy scale:

F = −Einv∇χ, (425)
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with
Einv = mc2 (426)

for massive matter and
Einv = Eγ = hν = pc (427)

for light. This is the compact reason that the same informational gravitational field affects both
massive bodies and photons.

The complete weak-field bending angle is recovered when this photon energy response is combined
with the effective Schwarzschild metric derived above. For a null ray written with u = 1/r and
impact parameter b, the weak-field null-geodesic equation is

d2u

dϕ2 + u = 3GM
c2 u2. (428)

Using the zeroth-order path u0 = sinϕ/b and retaining the first gravitational correction gives the
standard leading deflection [89]

∆ϕ = 4GM
bc2 . (429)

Thus the photon section supplies the energy-channel reason why light enters the same temporal-
gradient field, while the effective metric supplies the spatial part required for the full light-bending
angle. Both descriptions express the same bending mechanism. The null trajectory is determined
by the null-geodesic condition of the informational metric, ds2 = 0; the temporal-gradient force is
the local energy-channel reading of the same metric structure.

6 Unified Phase-Time Force and Electromagnetism

This section develops the force mechanism from invariant Compton writing in a varying temporal
field and then extends the same structure into coherent phase-time transport. The phase branch
supplies the electromagnetic connection, curvature, and Maxwell structure.

6.1 The Coherent Phase-Time Branch

The preceding sections used the real clock-rate factor χ to reconstruct inertial and gravitational
capacity geometry. The complex completion of the same time-load structure contains the coher-
ent phase-time orientation e−iϕ. Electromagnetism is developed here as the local transport and
curvature dynamics of that coherent phase branch.

In the coherent branch, the process sits at the ideal thermodynamic limit γth = 1, meaning that
no excess thermodynamic cost is paid beyond the minimal saturated relation. Irreversible linear
historical writing belongs to the dispersive branch, where γth > 1. On the interface of the Present
(the Riemann Sphere), continuous, reversible informational evolution is represented geometrically
as a continuous phase rotation:

ψ = ψ0 e
−iϕ
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The next question is what this informational time equation implies for coherent quantum evolution.
The guiding point is that the unitary Schrödinger equation [90] omits explicit entropic inscription.
For an energy eigenstate one has

iℏ
∂ψ

∂t
= Hψ, ψ(t) = ψ0e

−iEt/ℏ.

The changing quantity in the coherent solution is the phase,

ϕ(t) = Et

ℏ
, ψ(t) = ψ0e

−iϕ(t).

The informational time equation now clarifies the interpretation. In the coherent branch, phase
evolves coherently, but no irreversible registration into linear history has yet occurred. Therefore
the dispersed-information sector is absent there as an active dynamical inscription variable. The
coherent branch is thus the branch in which the changing quantity is informational change itself.
In that branch one first writes the normalized coherent relation,

dt∗q ∝ dIq.

Choosing the coherent informational normalization gives the simplest compact form,

dt∗q = dIq.

Passing from the normalized coherent parameter to physical time requires the Compton time scale,

dtq = τ
(ω)
C dt∗q = τ

(ω)
C dIq.

Returning to the Schrödinger phase,

dϕ = E

ℏ
dtq,

one immediately obtains

dϕ = E

ℏ
τ

(ω)
C dIq, E = ℏ

τ
(ω)
C

dϕ

dIq
.

For a rest mode, where E0 = mc2 and τ
(ω)
C = ℏ/(mc2), this reduces to

dϕ = dIq.
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Equivalently, in the coherent branch the phase coordinate itself is the coordinate of coherent infor-
mational change:

dIϕ ≡ dϕ.

Thus a local phase field ϕ(x) is also a local coherent-information field.

This is the central statement of the coherent branch: the normalized coherent time is informational
change, while the physical phase-time scale is set by the Compton time. For a rest mode,

E0 = mc2, ωC = mc2

ℏ
, ψ(t) = ψ0e

−iωCt.

The rest mode is therefore carried by a Compton phase factor [19]. This motivates the phase
completion of rest energy:

Eϕ = mc2 e−iϕ

Expanding the phase-completed energy gives

Eϕ = mc2(cosϕ− i sinϕ).

Hence the two sectors are

ℜ(Eϕ) = mc2 cosϕ, ℑ(Eϕ) = −mc2 sinϕ.

The real sector is the branch that couples to the linear-time field and therefore underlies inertia,
gravitation, and diffusion. The imaginary sector is the coherent phase branch.

In this form the realized linear branch is the cosine projection of the phase structure. The linear
time that appears in experience is the realized projection of the full phase object. In that sense,
the appearance of the cosine is not a technical artifact. It is the mathematical signature that linear
time is a projection of a deeper phase-time structure.

6.2 From Compton Phase-Time to the Unified Time-Load Field

Two ingredients are now joined into one object.

The first ingredient is the local clock-rate factor,

χ(x),

which measures the realized time-writing capacity left after informational load. In the inertial
and gravitational sectors, this factor determines how much linear temporal registration remains
available under motion or mass loading.

The second ingredient is the Compton phase-time increment of a massive carrier,

dt
(0)
ϕ = τ

(ω)
C e−iϕdϕ,
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with
τ

(ω)
C = ℏ

mc2 .

Here τ (ω)
C is the angular Compton time. It supplies the intrinsic physical time scale of the massive

carrier. The factor e−iϕ gives the coherent phase-time orientation. The superscript (0) denotes the
unloaded coherent Compton mode.

This gives the ideal phase-time increment of a massive mode before local informational loading is
included.

The general thermodynamic phase-time form is therefore

dtϕ,gen = τ
(ω)
C dt∗e−iϕdϕ,

with

dt∗ = dIdist
dIdisp

, τ
(ω)
C = ℏ

mc2 .

This is the Compton-scaled completion of the dimensionless informational-time ratio introduced
earlier.

When the same carrier is embedded in a realized informational geometry, its available temporal
writing capacity is no longer unity. It is weighted by the local clock-rate factor χ(x). The embedded
phase-time increment therefore becomes

dtϕ = τ
(ω)
C χ(x)e−iϕ(x)dϕ.

This equation is the missing bridge between the clock-rate-amplitude branch and the coherent phase
branch.

The Compton factor
τ

(ω)
C

sets the physical time scale.

The clock-rate factor
χ(x)

sets the local realized writing amplitude.

The phase factor
e−iϕ(x)

sets the coherent phase-time orientation.

Therefore the product
χ(x)e−iϕ(x)
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is the natural complex completion of the real clock-rate factor. This motivates the definition of the
unified time-load field,

Ξ(x) = χ(x)e−iϕ(x).

With this definition, the embedded phase-time increment can be written compactly as

dtϕ = τ
(ω)
C Ξ(x)dϕ.

Thus Ξ(x) is the phase-completed form of the already defined clock-rate factor χ(x). The amplitude
χ supplies the local clock-rate loading, while the realized linear projection of the complex field is

Re Ξ = χ cosϕ. (430)

The complementary phase projection carries the coherent phase-transport branch.

Using Euler’s identity,
e−iϕ = cosϕ− i sinϕ,

the field can be expanded as

Ξ(x) = χ(x) cosϕ(x) − iχ(x) sinϕ(x).

Accordingly, the embedded phase-time increment becomes

dtϕ = τ
(ω)
C χ(x) [cosϕ(x) − i sinϕ(x)] dϕ.

The realized linear-time projection is the real component,

dτ = Re(dtϕ) = τ
(ω)
C χ(x) cosϕ(x)dϕ.

The coherent phase projection is the imaginary component,

Im(dtϕ) = −τ (ω)
C χ(x) sinϕ(x)dϕ.

The theory uses one phase-time rotation whose real projection appears as realized linear time and
whose imaginary projection carries coherent phase structure.

The unified field
Ξ(x) = χ(x)e−iϕ(x)

therefore collects both branches in one object: the clock-rate amplitude χ and the coherent phase-
time orientation e−iϕ. Its realized linear projection is Re Ξ = χ cosϕ, while its complementary
phase projection carries coherent phase structure. This is why the same field can later generate
both the gravitational/inertial clock-rate branch and the electromagnetic/gauge phase branch.

6.3 The Complex Time-Load Field

The real clock-rate factor χ and the phase-time orientation e−iϕ form one compact geometric object,

Ξ(x) = χ(x)e−iϕ(x) .
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The factor χ is the local realized writing amplitude. The phase factor e−iϕ is the coherent orientation
of the same temporal writing process. Their product is the complex time-load field. Its amplitude
supplies clock-rate loading, its realized linear projection is

Re Ξ = χ cosϕ, (431)

and its complementary phase projection supplies coherent transport.

For sectors written as capacity potentials, the phase-completed potential is

Uϕ = E0Ξ,

and the corresponding force law is
Fϕ = −E0∇Ξ.

For closure-cost or dissipative-load sectors, the physical potential is

uϕ = E0(1 − Ξ),

and therefore
Fϕ = −∇uϕ = E0∇Ξ.

For massive matter E0 = mc2. For a photon E0 = ℏω. This compact structure explains why
the same gradient principle can appear in inertial, gravitational, electromagnetic, internal, and
coherent-transport sectors while each branch uses the physical potential appropriate to its capacity
or closure-cost form.

6.4 Kinematic Phase-Time Closure

The kinematic branch now has a compact phase-time representation. Since the Lorentz clock-rate
fraction is the thermodynamic registration efficiency for pure motion,

χv = η
(v)
th = 1

γI
, (432)

the complex time-load field on the kinematic branch is

Ξv = χve
−iϕ. (433)

Substitution gives

Ξv = η
(v)
th e

−iϕ = e−iϕ

γI
. (434)

The factor e−iϕ is the Euler phase factor,

e−iϕ = cosϕ− i sinϕ.

It supplies the local complex phase structure of the theory. The real projection carries the regis-
tered linear-time component, while the orthogonal imaginary projection carries the coherent phase
component. Thus the complex time-load field combines a real registration amplitude χ with an
Euler phase-time orientation.
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Thus the same object carries the two readings of the moving state. Its amplitude is the surviv-
ing thermodynamic writing efficiency of the realized branch, and its phase factor is the coherent
temporal orientation of that branch. The realized linear projection is Re Ξv = χv cosϕ. In the
kinematic sector, the complex time-load field is the Lorentz writing-efficiency amplitude completed
by phase-time orientation.

6.5 Clock-Rate Branch and Phase Branch of the Force

Using the complex time-load field Ξ(x) = χ(x)e−iϕ(x), the massive-particle potential is Uϕ(x) =
mc2Ξ(x). The force law F = −∇Uϕ yields a strict decomposition whose phase branch connects
naturally to fiber-bundle gauge geometry [91]:

F = −mc2 e−iϕ ∇(χ) + im c2 χ e−iϕ ∇(ϕ).

Substituting the complex potential gives

F = −∇
(
mc2χe−iϕ) = −mc2∇

(
χe−iϕ).

Using the product rule,

∇
(
χe−iϕ) = e−iϕ∇χ− iχe−iϕ∇ϕ,

and therefore

F = −mc2e−iϕ∇χ+ imc2χe−iϕ∇ϕ.

The first term is controlled by the gradient of the clock-rate amplitude χ and gives the clock-rate
branch,

Fχ = −mc2∇χ.

The second term is controlled by coherent phase transport and gives the phase branch,

Fphase = imc2χe−iϕ∇ϕ.

The exact real and imaginary projections of the full complex force are

ℜ(Fϕ) = −mc2 cosϕ∇χ+mc2χ sinϕ∇ϕ,

ℑ(Fϕ) = mc2 sinϕ∇χ+mc2χ cosϕ∇ϕ.

The ∇χ branch was used above for inertial and gravitational capacity geometry. The ∇ϕ branch
now requires a local transport law for coherent informational phase.
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6.6 Relativity as the Hermitian Metric Projection of the Unified Phase-Time
Field.

The relativistic sector was first written in terms of the real clock-rate factor

χ(x) = dτ

dt
.

In this form, the local clock-rate gradient gives the inertial and gravitational response,

Fχ = −mc2∇χ,

and the static spherical metric is written as

ds2 = −c2χ2dt2 + χ−2dr2 + r2dΩ2.

This is the real clock-rate form of the theory. However, once the clock-rate field is completed by
phase, the more general object is the unified phase-time field

Ξ(x) = χ(x)e−iϕ(x).

The relativistic metric uses the Hermitian product of the phase-time field with its conjugate. A
physical metric measures squared interval, and a squared physical interval is obtained from that
product:

Ξ∗Ξ =
(
χe+iϕ

) (
χe−iϕ

)
= χ2.

Thus the relativistic clock-rate factor can be written as the Hermitian norm of the unified field,

χ2 = Ξ∗Ξ.

The metric form of the relativistic sector may therefore be rewritten as

ds2 = −c2 Ξ∗Ξ dt2 + (Ξ∗Ξ)−1dr2 + r2dΩ2.

Substituting Ξ∗Ξ = χ2 immediately returns the usual clock-rate metric,

ds2 = −c2χ2dt2 + χ−2dr2 + r2dΩ2.

For the Schwarzschild exterior,
χg(r) =

√
1 − rs

r
,

so
Ξg(r) =

√
1 − rs

r
e−iϕ0 .

When the phase is constant,
∇ϕ = 0,
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there is no active phase-gradient branch. The Hermitian product gives

Ξ∗
gΞg = 1 − rs

r
,

and the metric becomes

ds2 = −c2
(

1 − rs

r

)
dt2 +

(
1 − rs

r

)−1
dr2 + r2dΩ2,

which is the Schwarzschild exterior line element.

The force law may be written in the same unified language. Starting from

FΞ = −mc2∇Ξ,

one obtains
FΞ = −mc2e−iϕ∇χ+ imc2χe−iϕ∇ϕ.

The first term is the clock-rate branch. The second term is the phase-gradient branch. In the
purely relativistic sector,

∇ϕ = 0,

so the force reduces to
FΞ = −mc2e−iϕ0∇χ.

Taking the physical real projection, for ϕ0 = 0, gives

Re(FΞ) = −mc2∇χ.

Thus the relativistic force law is recovered as the real clock-rate projection of the unified phase-time
gradient.

Relativity is therefore not separate from the unified field. It is the Hermitian metric projection of

Ξ = χe−iϕ.

The metric sector depends on the norm
Ξ∗Ξ,

while the gauge sector appears when the phase gradient

∇ϕ

is active. In this form, gravity and inertia are the real clock-rate projection of the same phase-time
field whose phase-gradient projection supplies the gauge branch.

75



6.7 Local Phase-Time Fiber, Gauge Transport, and Metric Form

Since dIϕ = dϕ and ϕ is compact, the local coherent-information coordinate is naturally represented
by a circle fiber S1

ϕ over spacetime in the standard gauge-bundle language [92]. Each spacetime
point therefore carries its own internal coherent-information phase.

The phase variable ϕ is read as an internal compact phase-time coordinate on a local fiber. Each
spacetime point carries an internal circle fiber S1

ϕ, and the physical spacetime manifold M is
equipped with a U(1) phase-time bundle,

M fromP (M,S1
ϕ) toS1

ϕ, ϕ ∈ S1
ϕ.

Once ϕ is local, a physical comparison of phase values at neighboring spacetime points requires a
transport rule between coherent-information fibers.

This is the point at which the local Euler phase becomes a geometric object. Euler’s formula
supplies the internal phase rotation at each point, while the fiber connection supplies the rule for
comparing that rotation between neighboring points of the spacetime manifold. The connection is
therefore the bridge between the local complex phase structure and the geometric field structure.

The ordinary phase increment is lifted to the gauge-covariant fiber increment, as in standard Abelian
gauge theory [93],

Dϕ = dϕ− q

ℏ
A,

or, in components,

Dϕ =
(
∂µϕ− q

ℏ
Aµ

)
dxµ, Πµ ≡ ∂µϕ− q

ℏ
Aµ.

The gauge-covariant phase strain Πµ is the invariant object that carries the physical phase gradient.

The phase-time increment on the bundle is then

dtϕ = τ
(ω)
C χe−iϕDϕ.

Equivalently,

dtϕ = τ
(ω)
C χe−iϕ

[
dϕ− q

ℏ
A

]
.

This is the bundle form of the UiT phase-time law. The factor χ determines the local phase-time
capacity or fiber length, while A = Aµdx

µ is the connection that transports the internal phase-time
coordinate between neighboring fibers.
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The covariant phase increment is part of the physical phase-time line element. The mathematical
structure is Kaluza–Klein type [94] [95]: a compact fiber coordinate appears together with a con-
nection inside a metric contribution. In a standard compact-fiber construction one writes a fiber
contribution of the form

dS2 = gµνdx
µdxν +R2(dϕ+ κAµdx

µ)2.

In UiT the compact coordinate is the internal phase-time coordinate, and the corresponding con-
tribution is

dS2
UiT = g(I)

µν dx
µdxν + c2

(
τ

(ω)
C

)2
χ2(Dϕ)2.

The phase factor remains in the phase-time increment, but the physical fiber length is the Hermitian
product dt∗ϕdtϕ. Therefore e+iϕe−iϕ = 1, and the metric fiber term contains (Dϕ)2 rather than
e−2iϕ(Dϕ)2.

6.8 Electromagnetic Curvature

The electromagnetic potential appears as the connection required for comparing the coherent in-
ternal phase-time fiber across spacetime, matching the standard gauge-geometric reading of elec-
tromagnetism [91]. A connection is physically detected through its curvature. Electromagnetic
curvature is therefore the curvature of transported Euler phase-time. The curvature of the phase-
time connection is the exterior derivative of the connection [242]

F = dA,

or, in components,

Fµν = ∂µAν − ∂νAµ.

The gauge transformation is the ordinary change of local fiber coordinate,

ϕ toϕ+ q

ℏ
α(x), A toA+ dα,

under which Dϕ remains invariant:

Dϕ toDϕ.

For a phase-coupled field this same structure is expressed by the covariant derivative

Dµ = ∂µ + i
q

ℏ
Aµ.
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Acting on Ξ = χe−iϕ, one obtains

DµΞ =
(
∂µ + i

q

ℏ
Aµ

)
Ξ = e−iϕ [∂µχ− iχΠµ] .

This single expression contains the clock-rate branch ∂µχ and the fiber-connection branch Πµ. The
electromagnetic field is the curvature of this connection; the physical phase-gradient object is the
gauge-covariant strain Πµ.

The commutator of two covariant derivatives gives

[Dµ, Dν ]ψ = i
q

ℏ
(∂µAν − ∂νAµ)ψ = i

q

ℏ
Fµνψ.

6.9 Maxwell Equations from Phase-Time Curvature

Since this curvature is an exterior derivative, the first Maxwell pair follows identically from d2 = 0:

dF = 0.

In components this is the cyclic identity

∂λFµν + ∂µFνλ + ∂νFλµ = 0.

With the standard identifications

Ei = Fi0, Bi = −1
2ϵijkFjk,

the cyclic identity gives the homogeneous Maxwell equations,

∇ ·B = 0,

and

∇ × E + ∂B

∂t
= 0.

The remaining Maxwell pair follows from the lowest-order local curvature action coupled to the
phase-writing current. The compact gauge equations are written in rationalized Heaviside–Lorentz
units, with SI factors recovered by the usual rescaling of fields and sources [243]:

SEM =
∫
d4x

√
−g(I)

[
−1

4FµνF
µν − JµAµ

]
.

Varying the action with respect to Aµ gives
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∇νF
νµ = Jµ.

In flat spacetime this reduces to

∂νF
νµ = Jµ.

Thus the source Jµ is the current of matter modes coupled to the phase-time connection.

Writing the current as

Jµ = (ρ,J),

and separating temporal and spatial components gives the remaining Maxwell equations,

∇ · E = ρ,

and

∇ ×B − ∂E

∂t
= J.

6.10 Charge and Current as Phase-Writing Sources

The coupling q labels how strongly a matter carrier couples to the U(1) phase-time connection
[243]. In the closed spherical phase-time matter model developed below, electric charge is the
electromagnetic reading of the carrier’s oriented phase projection or holonomy [242]. The current
Jµ is therefore the macroscopic phase-writing current of charge-carrying matter. Later sections
develop the closed spherical phase-time carrier and distinguish the U(1) charge sector from internal
SU(3) color orientation.

Qem = Q(ΦU(1)).

This identifies electric charge with the U(1) phase-time-holonomy reading of the matter carrier,
while the later strong-sector discussion treats color as an internal SU(3) orientation.

6.11 The U(1) Phase Fiber on the Two-Sphere Interface

The coherent electromagnetic branch can now be placed back into the two-sphere geometry of the
theory, using the standard fiber-bundle language of local phase transport [43]. The outer sphere
represents potential information, the inner sphere represents the realized distinct-plus-dispersed
domain, and the present is the interface across which potential distinctions become distinct records
with dispersed thermodynamic cost. Denote this interface by

Σnow = ∂ (Idist + Idisp) = ∂Ipot. (435)
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On this interface, coherent realization carries a phase coordinate, the local U(1) freedom familiar
from gauge geometry [44]. In the coherent branch this phase coordinate is the informational
coordinate itself,

dIϕ = dϕ. (436)

Thus the present interface carries a compact internal phase-time fiber,

ϕ : Σnow toS1, e−iϕ(x) ∈ U(1). (437)

Equivalently, the local relation between potential and realized amplitudes may be represented by
a complex coordinate

z(x) = ψdist+disp(x)
ψpot(x) = ρ(x)e−iϕ(x), (438)

with the compactified complex coordinate living on the Riemann sphere,

z ∈ C ∪ {∞} ≃ CP1 ≃ S2. (439)

The electromagnetic U(1) sector is the local phase freedom of this coherent interface coordinate,

z(x) to e−iα(x)z(x). (440)

Local comparison of this phase between neighboring points on Σnow requires a connection. This
connection is the electromagnetic potential,

Dϕ = dϕ− q

ℏ
A, Πµ = ∂µϕ− q

ℏ
Aµ. (441)

The curvature of this phase connection is

F = dA, Fµν = ∂µAν − ∂νAµ. (442)

The electromagnetic field is therefore the curvature of coherent phase transport on the present
interface. The U(1) sector is already contained in the two-sphere model as the local phase freedom
of coherent realization across the interface between potential information and the realized sector
Idist + Idisp. The weak-sector discussion below extends the same interface geometry by treating the
two signs of realized linear time as a local doublet: forward writing from Ipot into Idist + Idisp, and
negative-time unwriting from Idist + Idisp back into Ipot.

The derivation can now be read as one chain. Coherent informational change is represented by phase
displacement, dIϕ = dϕ. Local coherent phase requires a compact phase-time fiber. Comparing
neighboring fibers requires a connection Aµ. The curvature of that connection is Fµν . The identity
dF = 0 gives the homogeneous Maxwell equations, while variation of the quadratic curvature action
coupled to Jµ gives ∇νF

νµ = Jµ. Electromagnetism is therefore the fiber-curvature dynamics of
the coherent phase branch of the same complex time-load field whose clock-rate-amplitude branch
yields inertia and gravitation through gradients of χ.
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6.12 Metric Re-Derivation of the Electromagnetic Connection

The preceding derivation obtained electromagnetism directly from local phase-time transport, while
the metric form parallels the Kaluza-Klein mechanism for reading gauge connection as mixed ge-
ometry [94] [95]. The same result can be written in metric language by inserting the full gauge-
covariant phase-time increment into the spacetime line element. This gives a second reading of the
same structure: the electromagnetic connection is the mixed metric connection between spacetime
and the compact phase-time fiber, with the ordinary Maxwell field recovered as the curvature of
that connection [243].

The direct phase-time force construction begins from

Ξ(x) = χ(x)e−iϕ(x)

and
Uϕ = mc2Ξ.

The gradient force is
F = −mc2e−iϕ∇χ+ imc2χe−iϕ∇ϕ.

The ∇χ branch is the clock-rate, inertial, and gravitational branch. The ∇ϕ branch is the coherent
phase branch, and it requires a local transport rule because ϕ lives on a compact fiber,

ϕ ∈ S1
ϕ.

The already-derived covariant fiber increment is

Dϕ = dϕ− q

ℏ
A,

or, in components,
Dϕ =

(
∂µϕ− q

ℏ
Aµ

)
dxµ ≡ Πµdx

µ.

The full phase-time increment is therefore

dtϕ = τ
(ω)
C χe−iϕDϕ.

A purely naive substitution would insert dϕ into the metric. The phase-time substitution fixed by
the fiber derivation inserts the covariant increment,

dtϕ = τ
(ω)
C χe−iϕ

(
dϕ− q

ℏ
Aµdx

µ
)
.

Starting from the local Minkowski form,

ds2 = c2dt2 − dx2,

the physical phase-fiber interval is obtained from the Hermitian length dt∗ϕdtϕ:

dt∗ϕdtϕ =
(
τ

(ω)
C

)2
χ2
(
e+iϕe−iϕ

)
(Dϕ)2 =

(
τ

(ω)
C

)2
χ2(Dϕ)2.
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Thus
ds2

ϕ = c2
(
τ

(ω)
C

)2
χ2(Dϕ)2 − dx2.

This is the metric form of the phase-time fiber construction. Written over the informational space-
time metric, the physical fiber contribution is

dS2
ϕ = g(I)

µν dx
µdxν + c2

(
τ

(ω)
C

)2
χ2(Dϕ)2.

The sign of the fiber term follows the metric convention. The structural object is the Hermitian
covariant phase-time fiber length.

Define the local phase-fiber radius
Rϕ = cτ

(ω)
C χ.

Since
cτ

(ω)
C = ℏ

mc
,

this becomes

Rϕ = ℏ
mc

χ = λ
(ω)
C χ.

The radius Rϕ is the Compton-scaled phase-fiber radius of the matter carrier whose phase is trans-
ported. It is not a photon mass scale. The massless electromagnetic field is carried by the connection
Aµ and its curvature Fµν .

The phase-time metric can then be written as

dS2
ϕ = g(I)

µν dx
µdxν +R2

ϕ

(
dϕ− q

ℏ
Aµdx

µ
)2
.

Expanding the fiber square gives

(Dϕ)2 = dϕ2 − 2 q
ℏ
dϕAµdx

µ + q2

ℏ2AµAνdx
µdxν .

Therefore
dS2

ϕ = g(I)
µν dx

µdxν +R2
ϕ

[
dϕ2 − 2 q

ℏ
dϕAµdx

µ + q2

ℏ2AµAνdx
µdxν

]
.

The mixed spacetime–fiber term identifies the gauge potential as a metric connection,

gµϕ ∝ − q

ℏ
R2

ϕAµ.

Thus Aµ is the mixed connection between spacetime and the phase-time fiber. In the direct deriva-
tion Aµ was the transport rule for comparing neighboring phase-time fibers; in the metric reading
the same object appears as the off-diagonal phase-fiber connection.

The curvature of this connection is
F = dA,

or
Fµν = ∂µAν − ∂νAµ.
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The same covariant phase increment is invariant under a local fiber-coordinate change,

ϕ toϕ+ q

ℏ
α(x), A toA+ dα,

so that
Dϕ toDϕ.

The electromagnetic field is therefore the curvature of the same phase-time connection that appears
as the mixed metric component of the fiber metric.

The Euler factor remains in the phase-time field and in the phase-time increment,

Ξ = χe−iϕ, dtϕ = τ
(ω)
C χe−iϕDϕ.

The physical metric length is the Hermitian projection,

dt∗ϕdtϕ =
(
τ

(ω)
C

)2
χ2(Dϕ)2,

so the phase cancels in the squared fiber length. The coherent phase projection is carried by the
connection and its curvature, while the physical metric fiber length is carried by R2

ϕ(Dϕ)2.

The two electromagnetic derivations therefore meet at the same object:

Ξ = χe−iϕ implies Dϕ = dϕ− q

ℏ
A implies F = dA.

In the direct derivation this appears as local phase transport and curvature. In the metric derivation
it appears as the mixed spacetime–phase component of the phase-time fiber metric.
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Figure 2: Time as phase: a local U(1) phase-time fiber on the present interface Σnow, with electro-
magnetic projection and geodesic phase transport represented on the two-sphere boundary between
potential information and the realized sector Idist + Idisp.

7 The Weak Interaction Sector

This section develops the weak sector as ordinary thermodynamics when the sign of realized linear
time is negative. In forward realized time, potential information is consumed and written as distinct
information together with dispersed information,

−dIpot = dIdist + dIdisp.

When the realized linear-time projection has negative sign, the same thermodynamic relation is
read in the reverse direction,

−dIdist − dIdisp = dIpot.
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Thus the weak interaction is the local channel in which a written distinct record and its dispersed
thermodynamic component are returned to potential information, and then rewritten as another
stable Compton phase-time resonance. The dispersed component is essential: in forward writing
it is released as the thermodynamic cost of record formation; under negative linear time it returns
from the environment as ordered erasure action that participates in removing the distinct record.

A weak event acts on the flavor-resonance sector of the closed spherical Compton phase-time carrier,

|fi⟩ to |fj⟩,

with

|fi⟩ = |ωC,i⟩, |fj⟩ = |ωC,j⟩,

and

ωC,f = mfc
2

ℏ
.

The weak sector therefore rewrites one stable Compton phase-time writing resonance into another.
Its rate is controlled by the number of bits that must be unwritten and rewritten; its gauge geometry
is the usual electroweak SU(2) × U(1) interface; and its force form is the negative-linear-time
projection of the same unified phase-time gradient structure.

7.1 Phase-Time Form of the Second Law

Ordinary irreversible thermodynamics on the forward record-forming branch begins from entropy
generation,

dSgen ≥ 0,

and in rate form,

Ṡgen = dSgen
dt

≥ 0.

In UiT, realized linear time is the real projection of phase-time. The full phase-time increment of
a massive mode is

dtϕ = τ
(ω)
C χe−iϕdϕ,

with the angular Compton time

τ
(ω)
C = 1

ωC
= ℏ
mc2 ,
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where, in a weak rewrite event, m denotes the mass scale of the relevant parent or rewritten
Compton mode. The local registration factor is

χ = dIdist
dIdisp

= dIdist
dS/(kB ln 2) .

The realized linear-time projection is

dτ = ℜ(dtϕ) = τ
(ω)
C χ cosϕdϕ.

The sign of dτ is therefore the sign of cosϕ. For

cosϕ > 0,

one has

dτ > 0.

This is the forward-writing branch. Potential information is consumed and becomes distinct infor-
mation plus dispersed information,

−dIpot = dIdist + dIdisp.

Here

dIpot < 0, dIdist > 0, dIdisp > 0.

The distinct term is the written record. The dispersed term is the thermodynamic cost of writing.

For

cosϕ < 0,

one has

dτ < 0.

The same thermodynamic bookkeeping is then read in the reverse direction,

−dIdist − dIdisp = dIpot.
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Here

dIdist < 0, dIdisp < 0, dIpot > 0.

The distinct record is removed, and the dispersed component returns from the environment as
ordered erasure action. Together they return the local realized record to the potential domain.
This is the thermodynamic basis of the weak sector:

weak rewrite = ordinary thermodynamics evaluated at dτ < 0.

Thus the weak interaction is the same thermodynamic writing law with the sign of realized linear
time reversed.

7.2 Local Weak Rewrite Rate in Compton Time

The weak sector is selected by the negative sign of realized linear time:

dτ = τ
(ω)
C χ cosϕdϕ < 0, cosϕ < 0.

On this branch,

−dIdist − dIdisp = dIpot.

Define the weak rewrite-bit increment as the positive amount of distinct-plus-dispersed realized
content returned to the potential domain,

dIw = − (dIdist + dIdisp) = dIpot (dτ < 0).

The associated bit density along the phase coordinate is

Jw(ϕ) = dIw

dϕ
.

Since ϕ is dimensionless,

[Jw] = 1.

The local weak rewrite rate is the rewrite-bit rate per Compton time on the negative linear-time
part of the cycle. Since − cosϕ > 0 on this branch,

λlocal
weak ∼ ln 2

τ
(ω)
C χ

dIw

dϕ
(− cosϕ), cosϕ < 0.
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The units are

[τ (ω)
C ] = s,

[
dIw

dϕ

]
= 1, [− cosϕ] = 1,

so

[λlocal
weak] = s−1.

This local rate is the native weak-sector expression: rewrite bits per Compton time on the negative
realized-time branch.

7.3 Integral Rewrite Barrier and Bit Suppression

The local rate describes where the weak channel is active. The transition probability is governed
by the integrated rewrite-bit barrier.

Using

dIw = − (dIdist + dIdisp) = dIpot (dτ < 0),

the total weak rewrite cost is

∆Iw =
∫

cos ϕ<0

dIw

dϕ
(− cosϕ) dϕ.

If the path variable dIw/dϕ is already defined only on the weak-accessible branch, the same barrier
may be written simply as

∆Iw =
∫ ϕf

ϕi

dIw

dϕ
dϕ.

In entropy units, the same positive barrier is

∆Srewrite = kB ln 2 ∆Iw.

Therefore

Beff = ∆Srewrite
kB

= ln 2 ∆Iw.

The transition weight is

pweak = e−Beff = exp[− ln 2 ∆Iw] = 2−∆Iw .
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The weak decay rate is the microscopic attempt rate multiplied by this rewrite weight:

λweak = 1
τ0

2−∆Iw ,

or equivalently,

λweak = 1
τ0
e−∆Srewrite/kB .

The half-life is

T1/2 = ln 2
λweak

= τ0 ln 2 2∆Iw .

Thus

∆Iw = log2

(
T1/2
τ0 ln 2

)
.

The weak event can now be written as the information bookkeeping law

−dIparent(ϕτ ) =
∑

i

dIdaughter
i + dIν + dIw,

where the daughter terms are the newly written stable closures, dIν is the coherent residual phase-
time closure carried by the neutrino or antineutrino, and dIw is the bit cost of returning the previous
distinct-plus-dispersed record to the potential domain and rewriting it. Here −dIparent(ϕτ ) denotes
the parent closure content being opened, while dIw denotes the positive rewrite-bit barrier of the
return-to-potential and rewrite operation. This keeps the parent content and the rewrite cost
distinct in the bookkeeping. This reconstruction remains aligned with parity violation [144] [145],
the V–A weak-current formulation [146] [147], the electroweak structure of Glashow [148], Weinberg
[149], and Salam [150], and irreversible thermodynamics [33].

7.4 The Rewrite Mechanism

In the two-sphere model, the outer sphere is potential information and the inner sphere contains
the realized distinct-plus-dispersed record. Forward growth is described by

−dIpot = dIdist + dIdisp.

The weak event is the same thermodynamic bookkeeping under negative realized linear time,

dτ < 0, cosϕ < 0.
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Then the local record is unwritten according to

−dIdist − dIdisp = dIpot.

The dispersed term is not omitted. It is the thermodynamic component that was released during
forward writing; in the negative-time part of the weak event it returns from the environment as
ordered erasure action and participates in removing the distinct record.

A weak decay therefore has the information path

I
(i)
dist + I

(i)
disp to Ipot to I(j)

dist + I
(j)
disp.

In flavor language,

|fi⟩ to |fj⟩.

In Compton language,

|ωC,i⟩ to |ωC,j⟩.

For a massive matter state, this means that the flavor resonance of the closed spherical Compton
phase-time carrier is rewritten from one stable Compton phase-time writing eigenmode into another.
The rewrite carries a bit cost and can produce unstable daughter products. This is the sense in
which the weak interaction acts as a thermodynamic rewrite mechanism within the electroweak
tradition of Glashow [148], Weinberg [149], and Salam [150].

7.5 The Neutrino as Residual Phase-Time Closure

The neutrino has a natural place in the rewrite mechanism. In standard weak-interaction physics,
the neutrino enters beta decay as the neutral lepton required by the weak transition, with its
modern role supported by Fermi’s beta-decay theory, the direct detection of the neutrino, and
neutrino oscillation experiments that establish nonzero mass differences. [151] [152] [153] [154] [155]
[156] [157] [158] In the present framework, the same object is interpreted as the neutral residual
phase-time closure of the parent particle’s internal phase after a weak rewrite event.

In the information bookkeeping of the weak event, the parent record is not represented by a single
undifferentiated realized quantity. It contains a distinct part and a dispersed part. The negative-
time part of the weak process is

−dIdist − dIdisp = dIpot.

The dispersed term is therefore part of the closure: it is the thermodynamic component that returns
from the environment and participates in erasing the distinct parent record before the daughter
closure is written.
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Radioactive decay is therefore a redistribution of a parent closed spherical Compton phase-time
carrier. The parent structure is locally opened by the weak branch, its internal phase content is
repartitioned, daughter closures are written, and the thermodynamic cost of the rewrite is paid.
Total informational closure is preserved by assigning every part of the parent phase content to a
realized daughter closure, a dispersive cost, or a coherent residual carrier.

In the closed spherical phase-time matter model, mass corresponds to closed internal Compton
phase circulation. The internal phase is read as a phase-time quantum locked into spherical recur-
rence. For any massive carrier, the Compton frequency is

ωC = mc2

ℏ
, (443)

and the corresponding mass-information writing rate is

İm = mc2

h
. (444)

This is a normalized Compton writing rate measured in bit-equivalent internal Compton cycles per
second, not entropy-produced thermodynamic bits per second.

Thus a particle with nonzero rest mass corresponds to a closed Compton phase recurrence. A small
mass corresponds to a small Compton writing rate. The neutrino may therefore carry a complete
neutral phase-time mass closure whose internal writing rate is small.

During a weak rewrite event, the internal phase locked in the parent closed spherical Compton
phase-time carrier is partitioned into three contributions. The first contribution closes the daughter
closed phase-time structures. The second contribution is dispersed as the thermodynamic cost of
rewriting. The third contribution remains as a coherent residual phase-time closure. This residual
neutral closure is identified with the neutrino or antineutrino.

The phase bookkeeping of the rewrite may be written schematically as

Φparent =
∑

i

Φdaughter
i + Φν + Φdisp. (445)

Equivalently, in energetic form,

Eϕ
parent =

∑
i

Eϕ
i + Eϕ

ν + Edisp. (446)

Here Eϕ
parent is the phase-energy content of the parent closed phase-time closure, Eϕ

i are the phase-
energy contributions used to close the daughter closed phase-time modes, Edisp is the thermody-
namic dispersive cost, and Eϕ

ν is the coherent residual phase-energy carried away by the neutrino.

If this residual phase closes into a massive neutral carrier, then
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Eϕ
ν = mνc

2, (447)

where mν denotes a neutrino mass eigencomponent; weak flavor neutrinos are coherent flavor states
built from such components.

The corresponding Compton frequency is

ωC,ν = mνc
2

ℏ
, (448)

and mass-information writing rate

İm,ν = mνc
2

h
. (449)

This is likewise a normalized Compton recurrence rate, measured in bit-equivalent internal Compton
cycles per second rather than entropy-produced thermodynamic bits per second.

The smallness of the neutrino mass is therefore interpreted as the smallness of the residual closed
phase-energy after the daughter closures and thermodynamic dispersive cost have been accounted
for. The neutrino is a complete neutral residual phase-time closure with a small Compton frequency.

For beta-minus decay,

n to p+ e− + ν̄e, (450)

the parent neutron phase-time closure is redistributed into a proton closure, an electron closure, a
dispersive rewrite cost, and an antineutrino residual closure:

Φn = Φp + Φe + Φν̄e + Φdisp. (451)

For beta-plus decay,

p ton+ e+ + νe, (452)

the residual phase-time closure appears with the opposite weak temporal orientation:

Φp = Φn + Φe+ + Φνe + Φdisp. (453)

The distinction between neutrino and antineutrino is therefore interpreted as the orientation of
the residual weak phase-time closure. The weak interaction locally opens a previous closed phase-
time configuration, performs a rewrite-like phase operation, and rejoins the forward record-forming
branch by writing the daughter products. The residual phase-time closure carries the remaining
orientation information required by the rewrite event.
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This also explains why the neutrino is electrically neutral. Electric charge is read in this framework
as a U(1) projection of internal phase-time orientation. For the neutrino, the residual phase-time
closure has no net electromagnetic projection,

Qν = 0, (454)

while its weak rewrite projection remains nonzero,

Πweak(ν) ̸= 0. (455)

Thus the neutrino carries the weak-sector information required to complete the rewrite, while
ordinary matter primarily reads electromagnetic charge, strong closure, and large metric load. The
compact summary of the mechanism is

ν = Πweak

(
Φparent −

∑
i

Φdaughter
i − Φdisp

)
. (456)

In words, the neutrino is the weak projection of the coherent phase residue left after the parent closed
phase-time closure has been redistributed into daughter closures and thermodynamic dispersal. It
is the neutral phase-time carrier of the remaining phase information required for the weak rewrite
event to preserve total informational closure.

7.6 Rewrite Barriers, Half-Life Scaling, and Environmental Shifts

At each microscopic step one may consider forward continuation and local negative-time rewrite.
The weak bit barrier is defined by the positive number of bits returned from the distinct-plus-
dispersed record to the potential domain,

∆Iw =
∫

cos ϕ<0
−
(
dIdist
dϕ

+ dIdisp
dϕ

)
(− cosϕ) dϕ.

For continuity with the notation used in the decay-rate formulas below, define

∆Irewrite
disp ≡ ∆Iw.

Equivalently, in entropy units the same barrier is the rewrite barrier defined above [27] [33]:

Beff = ∆Srewrite
kB

= ln 2 ∆Irewrite
disp .

The local rewrite transition weight is

prewrite = e−Beff = 2−∆Irewrite
disp .
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For the minimal one bit rewrite cost, Bmin = ln 2, so

prewrite,min = 1
2 .

For N independent steps,

Prewrite(N) =
(1

2

)N

= exp[−(ln 2)N ].

Local reversal is therefore possible, but a fully reversed macroscopic history becomes exponentially
suppressed.

The decay constant is the microscopic attempt rate multiplied by the rewrite weight. Thus [159]

λ = 1
τ0
e−Beff = 1

τ0
2−∆Irewrite

disp .

The survival law becomes

Psurv(t) = e−λt = exp
[
− t

τ0
e−Beff

]
.

The half life is therefore

T1/2 = ln 2
λ

= τ0 ln 2 eBeff .

A microscopic energy bias may be defined through the transition weight,

∆Ebias = Echare
−Beff = Echar2−∆Irewrite

disp .

The chain is therefore

Beff to e−Beff toλ toT1/2 to ∆Ebias.

For alpha decay, the Gamow exponent supplies the effective barrier,

BG = 2G,

where G is the WKB or Gamow exponent. The tunneling weight is therefore

pα = e−BG = e−2G .

The decay constant and half life become
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λα = 1
τ0
e−2G , T1/2 = τ0 ln 2 e2G .

Likewise,

∆Ebias = Qαe
−2G .

The empirical Geiger–Nuttall relation follows,

log10 T1/2 = a
Z√
Qα

+ b.

In the present theory the Gamow exponent is read as the microscopic informational rewrite barrier,
and e−2G is the corresponding phase-time continuation weight. [159] [160]

For electron capture, the environment changes the local rewrite barrier. Write

Beff = Bweak + δBenv,

so that

λEC = 1
τ0
e−(Bweak+δBenv).

For small environmental shifts,

δλ

λ
≈ −δBenv.

In bit language,

δBenv = ln 2 δIenv,

so

δλ

λ
≈ − ln 2 δIenv.

Schematically, one may resolve the environmental barrier shift as

δBenv = δBconf + δBscreen + δBT + δBaffinity.

This is the theoretical place in which the 7Be anomalies enter. Pressure, screening, lattice confine-
ment, and local electronic structure shift the rewrite barrier of the realized branch. Lowering the
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barrier increases the electron-capture rate; raising the barrier suppresses it. [161] [162] [163] [164]
[165] The weak-sector background remains the electroweak theory of Glashow [148], Weinberg [149],
and Salam [150].

7.7 SU(2), U(1), and Electroweak Decomposition of the Two-Sphere Interface

The two spheres model naturally defines a local doublet structure between the written distinct-
plus-dispersed sector and the potential sector:

Φ(x) =
(
ϕdist+disp(x)
ϕpot(x)

)
.

The local patch has two orientations relative to the global realization flow: writing into the realized
branch and erasure back toward the potential branch. These two local orientations form a two state
complex space. All local norm preserving transformations of this space form U(2). Structurally,

U(2) ∼=
SU(2) × U(1)

Z2
.

The SU(2) factor rotates the local distinct-plus-dispersed/potential doublet orientation. The U(1)
factor is the local phase-time fiber carried by the same patch. The physically projected state sphere
is

SU(2)/U(1) ∼= CP1 ∼= S2.

This is the precise sense in which the two spheres realization carries both sectors at once. The
weak-sector geometry is the local two-state motion of a realized patch relative to the potential
sphere, accompanied by a local phase-time fiber. In the present theory the electroweak hierarchy
is therefore already implicit in the realization structure itself. [148] [149] [150] [166] [167]

The two-sphere interface carries the two ingredients of the electroweak gauge structure.

The first ingredient is the compact phase-time fiber of the present interface. In the complex
representation of the interface, a local phase is written as

z(x) = ρ(x)e−iϕ(x),

with local phase freedom
z(x) to e−iα(x)z(x).

This local phase freedom defines the U(1) phase-time fiber of the interface. In the electromagnetic
sector, this same local phase freedom is transported by the gauge connection Aµ.

The second ingredient is the two-state real-time projection of phase-time. The realized-time incre-
ment is

dτ = τ
(ω)
C χ cosϕdϕ.
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The two signs of the real projection define a local doublet of temporal writing orientation,

ψ+ ∼ cosϕ > 0, ψ− ∼ cosϕ < 0.

Equivalently, the doublet may be read as the two local directions of the two-sphere interface,

ψ+ ∼ −dIpot = dIdist + dIdisp, ψ− ∼ −dIdist − dIdisp = dIpot.

Thus the local temporal doublet is

Ψτ (x) =
(
ψ+(x)
ψ−(x)

)
.

The norm-preserving local transformations of this doublet form U(2),

Ψτ (x) toU(x)Ψτ (x), U(x) ∈ U(2).

The group U(2) decomposes as

U(2) ≃ SU(2) × U(1)
Z2

.

In UiT this decomposition has a direct interface interpretation. The SU(2) factor acts on the
two-state temporal writing/unwriting doublet. The U(1) factor acts on the compact phase-time
fiber of the same interface. The quotient by Z2 identifies the shared central phase and prevents
double-counting of the common sign structure.

The corresponding electroweak covariant derivative may therefore be written in the standard form

DµΨτ =
[
∂µ + igW a

µ

σa

2 + ig′Bµ
Y

2

]
Ψτ .

Here W a
µ is the local connection of the SU(2) temporal doublet, Bµ is the local connection of the

U(1)Y hypercharge phase-time fiber, σa are the Pauli generators, g is the SU(2) coupling, g′ is the
U(1)Y coupling, and Y is the hypercharge assignment of the transported field. In this notation,
Bµ denotes the pre-rotation hypercharge phase connection, while Aµ denotes the electromagnetic
connection obtained after the Weinberg rotation.

Here Ψτ is the temporal-orientation substrate whose transport is read at low energy through the
usual SU(2)L action on left-handed matter doublets.

The electric charge generator is then
Q = T3 + Y

2 ,

where
T3 = σ3

2 .

The electromagnetic and neutral weak gauge fields are obtained by the usual electroweak rotation,

Aµ = Bµ cos θW +W 3
µ sin θW ,

Zµ = −Bµ sin θW +W 3
µ cos θW .
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The electric coupling is
e = g sin θW = g′ cos θW .

Thus the two-sphere interface supplies the local electroweak substrate: the SU(2) connection trans-
ports the two-state temporal writing doublet, while the U(1) connection transports the compact
phase-time fiber. Electromagnetism appears as the unbroken phase-transport branch after the
electroweak rotation, and the weak sector appears as the local rewrite dynamics of the temporal
doublet.

In this reading, the electroweak structure is the gauge decomposition of the same phase-time inter-
face that already produced the U(1) electromagnetic fiber and the SU(2) temporal doublet.

7.8 Weak Rewrite Scale, Electroweak Boson Masses, and the Metric Weinberg
Angle

We now calibrate the weak rewrite scale using the measured strength of the weak interaction. Work
in natural units,

ℏ = c = 1.

At low energies, the effective weak interaction is measured by the Fermi constant,

GF = 1.1663787 × 10−5 GeV−2.

The weak rewrite scale is defined by

Erewrite ≡ v = 1√√
2GF

.

Substituting the measured value of GF ,

Erewrite = v = 1√√
2 · 1.1663787 × 10−5

≃ 246.22 GeV.

The same scale has a bit-rate reading in UIT. Since a rewrite barrier is measured in bits, the
electroweak rewrite scale can be written as

Erewrite = ℏ ln 2 İEW
w .

Equivalently,

İEW
w = Erewrite

ℏ ln 2 .

In the natural units used in this subsection,
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Erewrite = ln 2 İEW
w .

This bit-rate reading interprets the calibrated electroweak rewrite scale from GF in the native
information language of UIT.

The weak rewrite interface carries the local doublet Ψτ . When the interface has a fixed rewrite
norm, write

⟨Ψτ ⟩ = 1√
2

(
0

Erewrite

)
.

The gauge-covariant metric energy of the doublet contains

(DµΨτ )†(DµΨτ ).

Substituting the fixed rewrite norm gives the gauge-field mass terms

(DµΨτ )†(DµΨτ ) ⊃ g2E2
rewrite
8

[
(W 1

µ)2 + (W 2
µ)2
]

+ E2
rewrite

8
(
gW 3

µ − g′Bµ

)2
.

With

W±
µ = 1√

2

(
W 1

µ ∓ iW 2
µ

)
,

the charged sector gives

m2
W = g2E2

rewrite
4 , mW = g

2Erewrite.

The neutral massive direction is

Zµ =
gW 3

µ − g′Bµ√
g2 + g′2 ,

while the orthogonal phase-transport direction is the photon,

Aµ =
g′W 3

µ + gBµ√
g2 + g′2 .

Hence

m2
Z = (g2 + g′2)E2

rewrite
4 , mZ = 1

2

√
g2 + g′2Erewrite,
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and

mA = 0.

The neutral mixing angle is therefore determined by

tan θW = g′

g
,

so that

mW

mZ
= g√

g2 + g′2 = cos θW .

In UiT this angle is read geometrically. It is the projection angle between the compact U(1)
phase-time fiber and the neutral direction of the SU(2) rewrite fiber on the two-sphere interface.

The electromagnetic phase-fiber radius has already been defined as

Rϕ = cτ
(ω)
C χ = λ

(ω)
C χ.

For the weak rewrite interface, the corresponding rewrite-fiber scale is

Rτ = ℏ
Erewrite

χτ .

Thus the electroweak interface contains two fiber scales,

Rϕ and Rτ .

The U(1) coupling measures phase transport on the compact phase-time fiber, while the SU(2)
coupling measures transport on the rewrite doublet fiber. Geometrically,

g′
eff ∝ 1

Rϕ
, geff ∝ 1

Rτ
.

Therefore the neutral mixing angle is the projection angle between the two fiber directions,

tan θUiT = g′
eff
geff

∼ Rτ

Rϕ
.

In the flat-fiber approximation, the neutral electroweak fiber metric is diagonal,

G
(0)
EW =

(
R2

τ 0
0 R2

ϕ

)
.
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This gives the tree-level electroweak projection,

mW

mZ
= cos θUiT.

The two-sphere interface contains a shared realization boundary between the U(1) phase-time fiber
and the SU(2) rewrite doublet. Structurally,

U(2) ≃ SU(2) × U(1)
Z2

,

so the phase-time fiber and the rewrite fiber share a common central phase identification. This
shared interface allows a metric overlap between the neutral SU(2) direction and the U(1) phase
direction.

The neutral electroweak fiber metric is therefore

G
(0)
EW =

(
R2

τ Cϕτ

Cϕτ R2
ϕ

)
.

Equivalently,

Cϕτ = ΓϕτRτRϕ,

so that

G
(0)
EW =

(
R2

τ ΓϕτRτRϕ

ΓϕτRτRϕ R2
ϕ

)
.

The physical photon and neutral weak boson are the two orthogonal directions of this metric
interface. Orthogonality is the metric condition

⟨A,Z⟩
G

(0)
EW

= 0.

The flat-fiber limit is

Γϕτ = 0,

and the effective interface projection is

Γϕτ ̸= 0.

Thus
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θW to θeff = θ
(
G

(0)
EW

)
.

The distinction between the tree-level angle and the effective angle is the geometric distinction
between a flat neutral fiber plane and the metric projection of the shared two-sphere interface.

In the flat-fiber numerical approximation,

e = g sin θW , g′ = e

cos θW
.

Using

e ≃ 0.313, sin2 θW ≃ 0.231,

one obtains

sin θW ≃ 0.481, cos θW ≃
√

1 − 0.231 ≃ 0.877.

Therefore

g ≃ 0.313
0.481 ≃ 0.652,

and

g′ ≃ 0.313
0.877 ≃ 0.357.

The charged weak boson mass is then

mW = 0.652 · 246.22
2 ≃ 80.2 GeV.

The neutral weak boson mass is

mZ = 246.22
2

√
0.6522 + 0.3572 ≃ 91.5 GeV.

Thus

mW ≃ 80.2 GeV

and
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mZ ≃ 91.5 GeV .

The observed values are

mobs
W ≃ 80.4 GeV, mobs

Z ≃ 91.19 GeV.

Thus, from the measured strength of the weak interaction, the weak rewrite scale gives the elec-
troweak boson mass scale. The flat-fiber projection already recovers the correct scale and structure,
while precision values require the effective interface angle determined by the full neutral fiber metric,

θW : flat fiber projection, θeff : interface metric projection.

7.9 Metric Form of the Electroweak Interface

The electroweak decomposition obtained above can also be written in metric language, with the
SU(2) gauge structure following the Yang-Mills construction [166] and the U(1)Y branch matching
the electroweak theory of Glashow [148]. It is the metric form of the same phase-time interface
already described as a fiber geometry over the informational spacetime base.

The phase-time interval has the local form

dtϕ = τ
(ω)
C χe−iϕDϕ.

The compact phase-time motion defines the U(1) phase-time fiber. The realized linear-time pro-
jection,

dτ = τ
(ω)
C χ cosϕdϕ,

has two local orientations,
cosϕ > 0, cosϕ < 0.

These two orientations define the temporal writing doublet

Ψτ =
(
ψ+
ψ−

)
,

where
ψ+ ∼ −dIpot = dIdist + dIdisp,

and

ψ− ∼ −dIdist − dIdisp = dIpot.

Thus the electroweak interface is the geometric splitting of phase-time into its compact phase-time
fiber and its two-state realized-time projection. The U(1) sector transports the circular phase
motion, while the SU(2) sector transports the local forward-writing and backward-unwriting ori-
entations of realized linear time.
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The covariant transport of the doublet is therefore

DµΨτ =
[
∂µ + igW a

µ

σa

2 + ig′Bµ
Y

2

]
Ψτ .

Here W a
µ is the connection for local rotations of the temporal writing doublet, and Bµ is the

pre-rotation hypercharge connection of the compact phase-time fiber, in the standard electroweak
notation [149] [150]. The metric doublet is the temporal-orientation substrate; the Standard Model
fermion doublets remain the low-energy matter fields on which SU(2)L acts.

The same structure may be written as a phase-time fiber metric,

dS2
EW = g(I)

µν dx
µdxν +R2

ϕ(DY ϕ)2 +R2
τ ⟨DΨτ , DΨτ ⟩.

The first term is the informational spacetime base. The second term is the compact U(1)Y phase-
fiber metric before electroweak rotation, with

DY ϕ = dϕ− g′Y

2 Bµdx
µ.

The third term is the SU(2) temporal-doublet fiber metric. After the Weinberg rotation the
unbroken phase projection is Demϕ = dϕ− (q/ℏ)Aµdx

µ.

Expanding the pre-rotation U(1)Y fiber term gives the mixed hypercharge metric connection

gµY ∝ Bµ,

with Abelian curvature
Bµν = ∂µBν − ∂νBµ.

Expanding the doublet fiber term gives the SU(2) mixed connections

gµa ∝ W a
µ .

Their curvatures are the non-Abelian field strengths of the electroweak gauge fields [167]

W a
µν = ∂µW

a
ν − ∂νW

a
µ + gϵabcW b

µW
c
ν .

This fixes the curvature convention used here; reversing the sign convention for the gauge connection
reverses the commutator sign without changing the physical sector. Thus the same phase-time
metric structure reproduces the electroweak gauge connections. The U(1)Y part is the pre-rotation
hypercharge transport of the compact phase-time fiber, and the SU(2) part is the transport of the
two-state realized-time orientation doublet.

The physical electromagnetic and neutral weak fields are then obtained by the usual Weinberg
rotation [149],

Aµ = Bµ cos θW +W 3
µ sin θW ,

Zµ = −Bµ sin θW +W 3
µ cos θW .

The post-rotation electromagnetic metric direction is therefore

gµA ∝ Aµ, Aµ = Bµ cos θW +W 3
µ sin θW .
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The charged weak fields are
W±

µ = 1√
2

(
W 1

µ ∓ iW 2
µ

)
.

Therefore the electroweak metric reading is the metric form of the same decomposition already
obtained from the two-sphere phase-time interface,

U(2) ≃ SU(2) × U(1)
Z2

.

In this form, U(1)Y is the pre-rotation circular phase-time fiber, SU(2) is the local doublet of
forward-writing/backward-unwriting realized linear time, and the physical electromagnetic connec-
tion Aµ is the unbroken post-rotation direction selected by the Weinberg rotation.

Figure 3: Geometric phase connection of the U(1)Y phase-time fiber and the SU(2) rewrite fiber
on the two-sphere interface. Circular fiber renderings are three-dimensional visual projections of
compact phase structure; the physical construction is the complex phase geometry on the spherical
present interface.

7.10 The Temporal Bit and the Symmetric Weak Doublet

The same structure returns the weak sector to the elementary definition of a bit. A single bit requires
two possible orientations, with Shannon distinguishability providing the information-theoretic back-
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ground [4] and physical bit erasure providing the thermodynamic background for the write/erase
distinction [27]. Reversible computation supplies the symmetric write/erase limit used by the weak
doublet [28]. If there were only one available orientation, no distinction could be written. In the
present framework the elementary temporal bit is precisely the pair of real-time projection branches,

dτ > 0, dτ < 0,

or equivalently,
ψ+, ψ−.

Over a full phase cycle the two cosine domains have equal measure. Therefore, before thermody-
namic bias or stable record selection is introduced,

P (cosϕ > 0) = 1
2 , P (cosϕ < 0) = 1

2 .

Equivalently, for the weak temporal doublet,

P (ψ+) = P (ψ−) = 1
2 .

The unbiased weak doublet is therefore the elementary temporal bit: two symmetric orientations
of the real-time projection, forward writing and backward erasure. Stable record selection then
supplies the experienced arrow of time. In symbolic form,

(+,−), (−dIpot = dIdist + dIdisp, −dIdist − dIdisp = dIpot) , (forward, backward).

The weak interaction sits at the place where this symmetry can be locally mixed, biased, or realized
as physical rewrite,

ψ+ paired withψ−.

Thus the weak doublet is not an added abstract label. It is the temporal bit itself: two symmetric
orientations of the real projection of phase-time, each with the basic probability 1/2 before thermo-
dynamic bias, environmental selection, or stable record formation. The arrow of time experienced
by observers appears only along branches in which records survive and accumulate; at the level of
the underlying temporal bit, the symmetric alternatives remain

P+ = P− = 1
2 .

This also closes the connection to Landauer. A bit is not only an abstract 0 or 1; in the present
theory it is the physical alternative between writing and unwriting, realized as the two signs of the
real-time projection.

7.11 CP Bias and the Weak Rewrite Force from Reverse Realized-Time Orien-
tation

Because the weak sector is thermodynamic in this framework, its apparent directionality belongs to
the negative linear-time branch. CP violating processes, connected to flavor mixing in the Cabibbo
and Kobayashi–Maskawa framework [168] [169], are then read as small biases in the local negative-
time unwriting-and-rewrite process. The available phase-time orientations remain symmetric at
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the deeper level, while the realized record can weight one orientation slightly differently through
the rewrite-bit barrier. [170] [107] [45]

The weak rewrite mechanism can be connected directly to the unified force law developed above.
The phase-time field is

Ξ(x) = χ(x)e−iϕ(x), (457)

and the corresponding force law is

Fϕ = −Einv∇Ξ. (458)

For a weak rewrite event, the relevant invariant energy scale is the parent phase-energy scale,
denoted here by Eparent. The weak field is the same phase-time field evaluated on the negative-
linear-time branch,

Ξweak = χτe
−iϕτ , cosϕτ < 0. (459)

The bit-weighted rewrite energy scale is

Erewrite ≡ e−BeffEparent. (460)

The compact weak-force form is therefore

Fweak = −Erewrite∇Ξweak, cosϕτ < 0. (461)

Equivalently,

Fweak = −Erewrite∇
[
χτe

−iϕτ

]
, cosϕτ < 0. (462)

Expanding the gradient gives

Fweak = −Erewritee
−iϕτ ∇χτ + iErewriteχτe

−iϕτ ∇ϕτ , cosϕτ < 0. (463)

Before the rewrite-bit weighting is applied, the local phase-time force at the rewrite boundary is

F(0)
weak = −Eparent∇

(
χτe

−iϕτ

)
. (464)

Expanding the gradient gives

F(0)
weak = −Eparente

−iϕτ ∇χτ + iEparentχτe
−iϕτ ∇ϕτ . (465)
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The first term is the gradient of the local temporal-registration load. The second term is the
gradient of the local temporal orientation. In the weak sector, a local region changes its realized-
time orientation relative to the surrounding record-forming branch. The boundary between these
regions carries a temporal-orientation gradient,

∇ϕτ ̸= 0. (466)

In the forward branch one may take ϕτ ≃ 0, giving e−iϕτ ≃ 1 and the usual clock-gradient form

Fforward = −Eparent∇χτ . (467)

For a fully reversed local patch, ϕτ ≃ π, so e−iϕτ ≃ −1. Inside such a patch, when the orientation
is approximately constant, the clock-gradient contribution becomes

Fbackward = +Eparent∇χτ . (468)

Thus a local negative-linear-time patch carries the opposite clock-gradient response. At the in-
terface with the forward environment, the temporal-orientation term supplies the finite rewrite
force generated by the mismatch between the negative-time patch and the forward record-forming
branch.

The bit rewrite barrier weights the allowed transition. With

Beff = ln 2 ∆Iw, (469)

and

prewrite = e−Beff , (470)

the effective weak force is

Feff
weak = −e−BeffEparent∇

[
χτe

−iϕτ

]
= −Erewrite∇Ξweak, cosϕτ < 0. (471)

or, equivalently,

Feff
weak = e−Beff

[
−Eparente

−iϕτ ∇χτ + iEparentχτe
−iϕτ ∇ϕτ

]
, cosϕτ < 0. (472)

This gives the weak interaction a direct force interpretation inside the same phase-time architecture
used for gravity, inertia, diffusion, and gauge transport. The weak event is the rewrite force on the
negative-linear-time component of the local phase-time field. Its small observed strength follows
from the exponential rewrite weight, while its ability to change particle identity follows from the
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local temporal-orientation gradient that opens and rewrites the parent closed spherical phase-time
closure.

Figure 4: Weak interaction as a local phase-time rewrite: the distinct-plus-dispersed parent record
is locally unwritten into the potential sector under negative realized linear time, then rewritten as
stable daughter-product information with rewrite-bit cost.

8 The Strong Interaction Sector: Confined Phase-Time Circula-
tion and SU(3)

This chapter develops the strong-sector expression of the same force principle developed earlier. If
force is the response to gradients in phase-time load, then the strong sector admits an internal-
gradient reading on the confined color manifold of the closed spherical Compton phase-time carrier.
Color labels the carrier’s internal three-state phase-time orientation. Gluons are exchange and
tension modes of that internal closure space. Flavor is the carrier’s stable Compton phase-time
writing resonance. Confinement, color exchange, and the emergence of an SU(3) organization are
therefore formulated as internal phase-time closure dynamics within the UiT architecture.
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8.1 Three-State Phase-Time Closure: Mesons and Baryons

The strong interaction is reconstructed here as the internal phase-time closure sector of the closed
spherical Compton phase-time carrier. In this reading, what QCD calls color becomes an effective
label for internal orientation within a three-state phase-time manifold carried by the closed matter
state. Introduce three internal basis states,

|1⟩, |2⟩, |3⟩.

A general internal quark like state is

|ψ⟩ = a1|1⟩ + a2|2⟩ + a3|3⟩.

A single quark is interpreted as an unsaturated internal phase-time disturbance of the carrier’s
color space. Stable realized strong states are hadronic closures of this internal phase-time cycle.
Confinement and asymptotic freedom are read as two limits of closure dynamics: stretching lowers
closure capacity and strengthens the restoring tendency, while compression improves closure and
weakens the additional restoring response. [171] [172] [173] [174]

A meson is a two-state closure in which an internal phase-time flow orientation is paired with its
conjugate orientation. In schematic phase-time form,

ϕ1 = −ϕ2.

Its closure is therefore primarily pairwise cancellation. A baryon, by contrast, is a three-state
circulating closure. The determinant-preserving phase condition is

ϕ1 + ϕ2 + ϕ3 = 0 mod 2π.

A symmetric closed color-triangle representative is obtained when

eiϕ1 + eiϕ2 + eiϕ3 = 0.

The intended interpretation is dynamical circulation,

ϕ1 → ϕ2 → ϕ3 → ϕ1.

The symmetric baryonic point is

(ϕ1, ϕ2, ϕ3) =
(

0, 2π
3 ,

4π
3

)
.
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At this point the three phase-time orientations close into a perfect triangle in the complex plane.
Mesons are therefore closer to tensioned pairwise cancellation, while baryons are self sustaining
circulating closures. [171] [172]

8.2 Strong Load and Restoring Force

The strong sector is formulated as a gradient problem of temporal misclosure. The starting point
is the same capacity closure used in the relativistic sectors,

χ2 + ΛI = 1.

In the confined color branch this becomes

χ2
strong + Λcolor = 1,

where Λcolor is the local normalized color-closure load entering the clock-rate constraint, with

0 ≤ Λcolor(x) ≤ 1.

For local closure,

L ≃ 0,

the color load is small or balanced and the three internal phase-time orientations close as a local
singlet. When color components are separated, the singlet condition must be preserved along an
extended configurational path. The quantity that accumulates with separation is therefore not the
normalized local variable Λcolor itself, but the energy cost required to maintain local color closure
along the path.

Define the local closure-energy density by

εcl(s) = dVconf
ds

.

The connection between this density and the normalized local load follows from the differential
form of

χ2
strong + Λcolor = 1.

Differentiating along the color-separation path gives

2χstrong dχstrong + dΛcolor = 0,
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and therefore

∣∣∣∣dχstrong
ds

∣∣∣∣ = 1
2χstrong(s)

∣∣∣∣dΛcolor
ds

∣∣∣∣ .
The local closure-energy density is then

εcl(s) = Econf

∣∣∣∣dχstrong
ds

∣∣∣∣ = Econf
2χstrong(s)

∣∣∣∣dΛcolor
ds

∣∣∣∣ .
Thus Λcolor remains a local normalized closure-load variable, while the long-distance confinement
energy is the accumulated closure cost

Vconf(L) =
∫ L

0
εcl(s) ds.

In the effective confinement regime, the path-averaged closure-energy density is represented by the
phenomenological string tension

σeff(L) = 1
L

∫ L

0
εcl(s) ds,

so that, when the density is approximately constant,

Vconf(L) ≃ σL, σ ≡ σeff .

In this effective long-distance notation, the local factor 1/(2χstrong) is absorbed into the phenomeno-
logical string tension σ. The resulting expression represents the accumulated closure cost per unit
length, not an unbounded growth of the normalized variable Λcolor.

The effective strong closure potential is therefore

Vstrong = κ

∣∣∣∣∣
3∑

i=1
eiϕi

∣∣∣∣∣
2

+
∫ L

0
εcl(s) ds,

or, for approximately constant closure-energy density,

Vstrong = κ

∣∣∣∣∣
3∑

i=1
eiϕi

∣∣∣∣∣
2

+ σL.

This gives the direct chain
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capacity closure to local χstrong,Λcolor to εcl(s) toVconf(L) toσL.

The phase-completed internal strong field is

Ξstrong(A) = χstrong(A)e−iΦA ,

where A collects the internal coordinates (L, ϕi, θa) and ΦA denotes the internal phase-time circu-
lation orientation on that coordinate space. The phase-completed closure-cost potential is

u
(ϕ)
conf(A) = Econf [1 − Ξstrong(A)] .

The phase-completed strong restoring force follows from the closure-cost potential,

F
(strong)
A = −∇Au

(ϕ)
conf = Econf ∇AΞstrong.

For the confinement branch, the local closure-cost projection may be written as

uconf(s) = Econf(1 − χstrong(s)).

The accumulated confinement potential is

Vconf(L) =
∫ L

0
εcl(s) ds,

so the restoring force along the elongation coordinate is

F restore
L = −dVconf

dL
= −εcl(L) = Econf

∂χstrong
∂L

.

Since ∂χstrong/∂L < 0, this force is directed against elongation. Its magnitude is

∣∣∣F restore
L

∣∣∣ = Econf

∣∣∣∣∂χstrong
∂L

∣∣∣∣ ≃ σ.

For internal phase-time coordinates, where the closure potential is represented by the phase-time
circulation term, projection onto internal phases gives

F
(strong,cl)
ϕi

= −∂Vtri
∂ϕi

= Econf
∂χstrong
∂ϕi

= 2κ
∑
j ̸=i

sin(ϕi − ϕj).

These are internal generalized phase-time restoring forces, because the derivative is taken with
respect to the dimensionless phase-time coordinates ϕi. Their units are therefore units of energy, not
ordinary spatial force in newtons. They drive the system back toward closed circulation. [173] [174]
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8.3 Stable Baryonic Closure and Emergent SU(3)

At the symmetric point,

F
(strong,cl)
ϕ1

= F
(strong,cl)
ϕ2

= F
(strong,cl)
ϕ3

= 0.

The baryon is therefore stable because the internal gradients vanish at a closed circulation point.
Distorting one phase away from this point generates a restoring force by the previous equation.
[171] [173] [174]

All norm preserving local transformations of the three state complex space form U(3). Removing
the physically irrelevant global phase leaves

SU(3).

The present theory recovers SU(3) as the local mixing symmetry of a three state internal phase-time
space, anchored in the color degree of freedom of quark models [175] [176] [177], with gauge-theoretic
ancestry in Yang–Mills theory [166], quark structure in Gell-Mann [171], Zweig [172], and quark-
parton treatments [178], and asymptotic-freedom physics in Gross–Wilczek [173] and Politzer [174].

Parameterize the internal strong configuration by eight coordinates θa on the traceless SU(3) sector:

Φ = θaλa, a = 1, . . . , 8.

Then

F (gluon,cl)
a = Econf

∂χstrong
∂θa

, a = 1, . . . , 8.

The six exchange generators correspond to transitions

1 paired with 2, 1 paired with 3, 2 paired with 3,

each with cosine like and sine like modes. Explicitly, for the 1 paired with 2 pair one may write

λ1 = |1⟩⟨2| + |2⟩⟨1|, λ2 = −i|1⟩⟨2| + i|2⟩⟨1|,

with analogous pairs (λ4, λ5) for 1 paired with 3 and (λ6, λ7) for 2 paired with 3. The two diagonal
generators are tension modes,

λ3 = diag(1,−1, 0), λ8 = 1√
3

diag(1, 1,−2),

which measure internal imbalance. In this reading the eight gluons are the six exchange modes and
two internal tension modes of phase-time circulation.
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8.4 Color Exchange and Internal Phase-Vector Closure

The preceding subsection reconstructed the eight gluon modes within the standard SU(3) color-
language background [177] [179] [244] as the eight traceless generators of the internal three-state
phase-time space. This subsection clarifies how color exchange, electric charge, and flavor occupy
different levels of the same closed spherical phase-time structure.

The same closed spherical phase-time carrier contains three distinct phase readings:

color orientation, electric charge phase-time holonomy, flavor resonance.

Color describes the internal orientation of the confined strong cycle. Electric charge describes the
global U(1) phase-time holonomy of the closed spherical phase-time matter carrier. Flavor describes
the stable Compton phase-time writing resonance of that carrier.

The determinant-preserving phase condition was written as

ϕ1 + ϕ2 + ϕ3 = 0 mod 2π,

while the symmetric color-triangle closure is written in complex phase-vector form as

eiϕ1 + eiϕ2 + eiϕ3 = 0.

Define the three internal color vectors

ci ≡ eiϕi , i = 1, 2, 3.

For the symmetric color-triangle representative, the closure condition becomes

c1 + c2 + c3 = 0.

A symmetric three-state closure is obtained by choosing

ϕ1 = 0, ϕ2 = 2π
3 , ϕ3 = 4π

3 .

Thus
c1 = ei0 = 1,

c2 = e2πi/3 = −1
2 + i

√
3

2 ,

and
c3 = e4πi/3 = −1

2 − i

√
3

2 .

The real projections are therefore
ℜ(c1) = 1,

ℜ(c2) = −1
2 ,

and
ℜ(c3) = −1

2 .
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The imaginary projections are
ℑ(c1) = 0,

ℑ(c2) =
√

3
2 ,

and
ℑ(c3) = −

√
3

2 .

The closure is visible separately in the real and imaginary projections:

3∑
i=1

ℜ(ci) = 1 − 1
2 − 1

2 = 0,

and
3∑

i=1
ℑ(ci) = 0 +

√
3

2 −
√

3
2 = 0.

Thus the strong color cycle is a closed internal triangle in the complex phase plane.

A color exchange changes which internal phase-time orientation is carried by a given quark line.
For example, the transition

c1 to c2

changes the real internal projection from

ℜ(c1) = 1

to
ℜ(c2) = −1

2 .

The change in the real internal projection is

∆ℜ(c)1 to 2 = ℜ(c2) − ℜ(c1) = −1
2 − 1 = −3

2 .

Similarly,
∆ℜ(c)1 to 3 = ℜ(c3) − ℜ(c1) = −1

2 − 1 = −3
2 .

Conversely,
∆ℜ(c)2 to 1 = ℜ(c1) − ℜ(c2) = 1 −

(
−1

2

)
= 3

2 ,

and
∆ℜ(c)3 to 1 = ℜ(c1) − ℜ(c3) = 1 −

(
−1

2

)
= 3

2 .

Therefore a gluonic color exchange can reverse the sign of the local real projection of the internal
color vector. This sign change belongs to the internal SU(3) phase-time circulation.

The strong exchange generators make this statement explicit. The six off-diagonal generators act
as exchange modes between the three internal states,

1 paired with 2, 1 paired with 3, 2 paired with 3.
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For the 1 paired with 2 exchange pair,

λ1 = |1⟩⟨2| + |2⟩⟨1|,

and
λ2 = −i|1⟩⟨2| + i|2⟩⟨1|.

Analogously, λ4, λ5 generate the exchange 1 paired with 3, and λ6, λ7 generate the exchange 2 paired with 3.
The remaining two generators,

λ3 = diag(1,−1, 0),

and
λ8 = 1√

3
diag(1, 1,−2),

measure diagonal internal imbalance. Together these eight traceless generators span the internal
SU(3) color space.

The traceless property is central:

Tr(λa) = 0, a = 1, . . . , 8.

The SU(3) generators redistribute internal phase-time orientation inside the color space while pre-
serving the determinant-one condition. With

Ta = λa

2 ,

the local strong transformation is written as

Us = exp (iϵaTa) ∈ SU(3),

detUs = 1.

The determinant condition means that strong color exchange preserves the total internal phase
volume of the three-state closure. It changes the distribution of internal phase-time orientation
among the three color components while the closed color cycle remains a closed cycle.
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Figure 5: Three-state internal phase-time closure for the strong sector. The diagram visualizes the
internal SU(3) color-orientation closure carried by the closed spherical Compton phase-time mode;
any circular circulation shown is a three-dimensional projection of the complex phase-time closure
structure.

8.5 Electric Charge Holonomy and the Strong Commutation Structure

The electric charge is read from another layer, separating the electromagnetic U(1) phase-time
holonomy [91] [242] from the non-Abelian color sector [166] [177] of the same closed spherical
phase-time carrier. In the electromagnetic sector, charge was associated with the global U(1)
phase-time holonomy. Denote this global phase reading by

ΦU(1).

The electromagnetic charge is then represented schematically as

Qem = Q
(
ΦU(1)

)
.

By contrast, color is represented by the internal three-state phase-time coordinates

ϕ1, ϕ2, ϕ3,
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or by the eight traceless SU(3) coordinates

θa, a = 1, . . . , 8.

A quark-like closed phase-time carrier may therefore be written schematically as

|Ψ⟩ = |f⟩ ⊗ |ψcolor⟩ ⊗ |ΦU(1)⟩.

Here f labels the flavor resonance, |ψcolor⟩ labels the internal color state, and |ΦU(1)⟩ labels the
global electromagnetic phase-time holonomy.

A pure strong transformation acts as

|Ψ⟩ 7−→ |f⟩ ⊗ Us|ψcolor⟩ ⊗ |ΦU(1)⟩.

Thus the color state changes, while the global charge phase-time holonomy and the flavor resonance
are preserved during pure strong exchange.

For a fixed flavor f , the electromagnetic charge operator acts on color space as a scalar multiple of
the identity:

Q(f)
em = qf 13.

Therefore, for every strong generator λa,[
Q(f)

em , λa

]
= [qf 13, λa] .

Since
[13, λa] = 0,

one obtains [
Q(f)

em , λa

]
= 0.

Equivalently, [
Q(f)

em , Us
]

= 0.

This commutation relation expresses the separation between internal color orientation and global
electric charge phase-time holonomy. A gluonic exchange moves the carrier inside the color triangle,

|i⟩ to |j⟩,

while the electromagnetic charge reading remains

Q(f)
em = qf .

In phase-time language, the local color projection

ℜ
(
eiϕi

)
may pass from positive to negative during color exchange, while the global charge phase-time
holonomy

ΦU(1)
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continues to encode the same electric charge branch.

This gives the precise internal meaning of color exchange in the present framework. A gluon changes
the internal phase-time gradient orientation of the strong cycle. The electric charge is the global
phase-time holonomy of the closed spherical phase-time matter mode. Charge conjugation acts on
the global phase-time orientation of the carrier; color exchange acts inside the internal traceless
phase manifold.

The two readings can be displayed as

color: ci = eiϕi ,

and
charge: Qem = Q

(
ΦU(1)

)
.

The first is an internal vertex of the confined strong circulation. The second is a global winding
property of the closed phase-time carrier.

8.6 Flavor as a Closed Compton Phase-Time Resonance

This also provides the natural place to introduce flavor. In standard particle physics, quarks occur in
six flavors, as organized in the quark model [171] [172] and in modern particle-data conventions [158].

u, d, c, s, t, b.

They are arranged into three up-type flavors,

u, c, t,

and three down-type flavors,
d, s, b.

The up-type flavors carry electric charge [183]

qu = qc = qt = 2
3e,

while the down-type flavors carry
qd = qs = qb = −1

3e.

In the present framework, flavor is the stable Compton phase-time writing resonance of the closed
spherical Compton phase-time carrier. Different flavors correspond to different stable resonance
eigenmodes of the same closed mass-information architecture. For each flavor f , define its rest
mass mf , Compton angular frequency

ωC,f = mfc
2

ℏ
,

ordinary Compton frequency

fC,f = mfc
2

h
,
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and mass-information writing rate

İm,f = mfc
2

h
.

This is a normalized Compton writing rate, measured in bit-equivalent internal Compton cycles
per second rather than entropy-produced thermodynamic bits per second.

Thus each flavor corresponds to a distinct stable internal writing rate:

f paired with ωC,f .

Equivalently,
|f⟩ = |ωC,f ⟩.

The flavor is therefore the resonance class of the closed spherical Compton phase-time carrier. The
color index labels the carrier’s internal strong-sector orientation. The charge labels the global U(1)
phase-time holonomy.

A complete quark-like internal state can therefore be represented as

|q; f, i⟩ = |f⟩ ⊗ |i⟩ ⊗ |Φ(f)
U(1)⟩,

where
f ∈ {u, d, c, s, t, b},

and
i ∈ {1, 2, 3}.

The mass operator reads the flavor resonance:

M |q; f, i⟩ = mf |q; f, i⟩.

The charge operator reads the global phase-time holonomy:

Qem|q; f, i⟩ = qf |q; f, i⟩.

The strong transformation acts on the color index:

Us|q; f, i⟩ = |f⟩ ⊗ Us|i⟩ ⊗ |Φ(f)
U(1)⟩.

Therefore,
M Us|q; f, i⟩ = mf Us|q; f, i⟩,

and
Qem Us|q; f, i⟩ = qf Us|q; f, i⟩.

Equivalently,
[M,Us] = 0,

and
[Qem, Us] = 0.

These relations express the UiT interpretation of pure strong exchange: the strong sector rotates
internal color orientation while preserving the Compton phase-time resonance and electromagnetic
phase-time holonomy of the closed spherical phase-time carrier.
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8.7 Weak Rewrite and CKM-Like Flavor Mixing

A flavor transition has a different structure, compared here with the standard Cabibbo–Kobayashi–
Maskawa flavor-mixing framework [168] [169] [158]. It changes the internal resonance itself:

|fi⟩ to |fj⟩.

In Compton-rate language,
ωC,i toωC,j .

Since
ωC,f = mfc

2

ℏ
,

a flavor transition also changes the rest-mass resonance:

mi tomj .

In the present framework, this is a rewrite event. The initial closed Compton phase-time resonance
is locally opened, its phase-time content is redistributed, and a new stable Compton phase-time
writing resonance is formed. This places flavor change in the weak sector developed above.

Let Rweak denote the weak rewrite operator acting on the flavor-resonance space. Then

Rweak|fi⟩ =
∑

j

Vji|fj⟩.

The coefficients Vji measure the allowed rewrite amplitudes between stable Compton phase-time
writing resonances. For quarks, they correspond to CKM mixing amplitudes. Thus the weak
rewrite of a quark state is written as

Rweak|q; fi, i⟩ =
∑

j

Vji|q; fj , i
′⟩ ⊗ |rewrite products⟩.

The transition probability is
Pi to j = |Vji|2.

The weak-sector chapter introduced a rewrite-bit barrier through

λweak = 1
τ0
e−Beff .

For flavor transitions, the same structure suggests that the transition amplitude carries an overlap
factor between two closed Compton phase-time resonances and a rewrite-bit weight. A compact
phenomenological form is

Vji ∼ ⟨ωC,j |Rweak|ωC,i⟩ .

With an effective rewrite barrier Bij , the magnitude may be written schematically as

|Vji| ∼ Oji e
−Bij/2,

where
Oji =

∣∣⟨ωC,j |ωC,i⟩rewrite
∣∣
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is the resonance-overlap factor between the initial and final closed Compton writing modes. Hence

Pi to j = |Vji|2 ∼ |Oji|2e−Bij .

This expresses CKM-like mixing as a weak rewrite map between stable Compton phase-time res-
onances. The mixing angles are interpreted as the geometry of overlap among stable Compton
phase-time writing resonance modes of the closed spherical carrier, weighted by the rewrite-bit
barrier for returning the previous distinct-plus-dispersed record to the potential sector and writing
the new resonance.

8.8 Generations as Stable Flavor-Resonance Bands

The distinction among the three operations can now be summarized mathematically, with flavor
mixing anchored to the Cabibbo angle [168] and its three-generation CKM extension [169]. A color
exchange is

|f⟩ ⊗ |i⟩ ⊗ |Φ(f)
U(1)⟩ to |f⟩ ⊗ |j⟩ ⊗ |Φ(f)

U(1)⟩.

It changes
|i⟩ to |j⟩,

and preserves
f, qf , ωC,f .

A charge conjugation reverses the global electromagnetic phase-time orientation:

|Φ(f)
U(1)⟩ to |Φ(f̄)

U(1)⟩,

with
qf to − qf .

A flavor transition changes the Compton phase-time resonance:

|fi⟩ to |fj⟩,

with
ωC,i toωC,j ,

and
mi tomj .

Thus the three readings are

color = internal SU(3) phase-time orientation

charge = global U(1) phase-time holonomy

and
flavor = stable Compton phase-time writing resonance .
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A generation is a stable resonance band in the Compton phase-time writing spectrum of the closed
spherical Compton phase-time carrier. Each band contains an up-type and a down-type flavor
resonance,

Gn = (fu,n, fd,n), n = 1, 2, 3,

with
q(fu,n) = 2

3e, q(fd,n) = −1
3e.

The observed quark generations are therefore

G1 = (u, d), G2 = (c, s), G3 = (t, b).

Each generation has a characteristic pair of Compton phase-time writing frequencies,

Gn paired with (ωC,un , ωC,dn).

The closed spherical carrier supports a discrete hierarchy of stable phase-time boundary eigenmodes.
These eigenmodes are read by the mass operator as Compton frequencies,

M̂ |f⟩ = mf |f⟩, ωC,f = mfc
2

ℏ
.

A physical generation is a stable pair of such eigenmodes that remains compatible with internal
SU(3) color closure, global U(1) phase-time holonomy, and weak rewrite stability.

Define the color-closure defect by

Ccolor =
∣∣∣eiϕ1 + eiϕ2 + eiϕ3

∣∣∣2 .
Exact color closure is therefore

Ccolor = 0.

Equivalently, a generation band may be written as the stable spectral set

Bn =
{

|f⟩ : ωC,f ∈ [Ω−
n ,Ω+

n ], Ccolor = 0, ΦU(1) = qf , Rweak stable
}
,

with
Gn = (fu,n, fd,n) ⊂ Bn.

Here the band is a spectral phase-stability band of the closed spherical carrier. It is defined by
Compton recurrence, color closure, charge phase-time holonomy, and weak-rewrite stability.

In the complex-plane projection of the spherical phase-time boundary, a single phase winding defines
the U(1) phase-time orientation of the carrier. A two-state closure gives a pairwise cancellation
structure. The first non-collinear closed phase cycle is

1 + e2πi/3 + e4πi/3 = 0.

This primitive threefold closure supplies the minimal phase template for the observed three-
generation structure. Color reads this geometry as internal SU(3) phase-time orientation. Flavor
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reads it as a hierarchy of stable Compton phase-time writing resonance bands. Charge reads the
global U(1) phase-time holonomy of the same carrier.

The three-generation pattern is organized by the primitive threefold phase-time closure template(
0, 2π

3 ,
4π
3

)
.

Color closure uses this primitive triangular phase geometry internally,

eiϕ1 + eiϕ2 + eiϕ3 = 0,

while flavor generations appear as stable Compton phase-time writing resonance bands of the closed
spherical phase-time carrier built on that same minimal closed phase-time closure structure.

The same primitive closure geometry is read in two sectors. The color sector reads internal SU(3)
phase-time orientation. The flavor sector reads stable Compton phase-time writing resonance
bands. The operators distinguish the readings:

λa reads color transitions,

Qem reads charge phase-time holonomy,

and
M reads flavor resonance.

The strong force acts as the restoring dynamics of internal color closure. Electromagnetism reads
the global phase-time holonomy of the carrier. The weak interaction rewrites one flavor resonance
into another.

This yields the compact structural map

SU(3)color : |i⟩ to |j⟩, color changes, flavor and charge remain fixed,
U(1)em : ΦU(1) toQem, global phase-time holonomy gives charge,

Weak : ωC,i toωC,j , weak rewriting changes flavor.

and, in UiT language,

color is internal phase-time orientation;
charge is global phase-time holonomy;
flavor is Compton resonance;
generation is a stable Compton phase-time resonance band.

The strong interaction is the restoring dynamics of internal phase-time closure. Flavor change is
the weak-sector rewriting of the closed Compton phase-time resonance. Electric charge is the global
electromagnetic reading of the same underlying carrier.
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8.9 Color Singlets, Gluon Self-Coupling, and the QCD Limit

The strong-sector construction reconstructs the QCD structural limit: color, SU(3), the eight
gluons, meson closure, baryon closure, confinement, asymptotic freedom, color exchange, charge
phase-time holonomy, and flavor resonance. The bridge to standard QCD is expressed through the
color-singlet condition, the non-Abelian self-coupling of gluons, the running of the strong coupling,
and the QCD-limit action for color-triplet quark fields coupled to the gluon connection [173] [174]
[158].

The central UiT statement is

the strong interaction is internal SU(3) phase-time closure .

Equivalently,
observable hadrons are closed phase-time color singlets .

In QCD, physically observed hadrons are color singlets [183] [244] [179]. In the present interpreta-
tion, a color singlet is a complete internal phase-time closure. For a meson, the color decomposition
is

3 ⊗ 3̄ = 1 ⊕ 8.

The physical closed meson state is the singlet

|M⟩singlet = 1√
3

(
|rr̄⟩ + |gḡ⟩ + |bb̄⟩

)
.

In UiT language this is the pair-closure condition

ϕ1 = −ϕ2,

read as
meson = pair cancellation .

For a baryon, the color decomposition is

3 ⊗ 3 ⊗ 3 = 1 ⊕ 8 ⊕ 8 ⊕ 10.

The physical closed baryon state is the antisymmetric singlet

|B⟩singlet = 1√
6
ϵijk|i j k⟩.

In UiT language this is the three-state circulation condition. The determinant-preserving phase
representation is

ϕ1 + ϕ2 + ϕ3 = 0 mod 2π,

while the symmetric color-triangle representative is

eiϕ1 + eiϕ2 + eiϕ3 = 0,

read as
baryon = three-state phase-time closure .
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Thus
color singlet = complete internal phase-time closure .

This statement answers the basic observational question of why hadrons appear as color-neutral
closed states.

The second basic QCD element is the self-interaction of the gluon field. In a non-Abelian gauge
theory the field strength is

Ga
µν = ∂µG

a
ν − ∂νG

a
µ + gsf

abcGb
µG

c
ν .

The specifically non-Abelian term is
gsf

abcGb
µG

c
ν .

This term means that the strong field itself carries the internal color structure and can interact
with itself. In the present framework this becomes

gluon self-interaction = self-coupling of internal phase-time circulation .

The difference between SU(3) and U(1) is therefore expressed geometrically: the electromagnetic
phase-time holonomy is a global Abelian reading, while the strong sector is an internal non-Abelian
circulation whose generators do not commute and whose gauge field carries its own internal phase-
time orientation.

The standard QCD matter-field limit is obtained by reading each flavor as a color triplet,

qf (x) =

qf,r

qf,g

qf,b

 , qf (x) toU(x)qf (x), U(x) ∈ SU(3).

The corresponding color-covariant derivative is

Dµqf =
(
∂µ + igsG

a
µTa

)
qf .

Thus the ordinary QCD action limit is

LQCD = −1
4G

a
µνG

aµν +
∑

f

q̄f (iγµDµ −mf ) qf .

In the present interpretation, the first term is the non-Abelian curvature energy of the internal
closure field, while the Dirac term transports the flavor carriers as color triplets through that
internal SU(3) phase-time closure connection.

The third basic QCD element is the running coupling [158]. At one-loop order, the strong coupling
may be written as

αs(Q2) ≃ 12π
(33 − 2nf ) ln(Q2/Λ2

QCD)
.

When
Q2 to ∞,

one obtains
αs(Q2) to 0.
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Thus, at short distances or high momentum transfer, quarks behave as nearly free degrees of
freedom. In UiT language,

short distance = nearly closed local phase-time circulation .

At large separation, the closure potential already introduced above contains the integrated color-
closure cost

Vstrong = κ

∣∣∣∣∣
3∑

i=1
eiϕi

∣∣∣∣∣
2

+
∫ L

0
εcl ds.

For approximately constant closure-energy density, this becomes

Vstrong = κ

∣∣∣∣∣
3∑

i=1
eiϕi

∣∣∣∣∣
2

+ σL, σ = εcl.

In UiT variables the same coefficient is the color-closure gradient density,

σ = Econf

∣∣∣∣dχstrong
dL

∣∣∣∣ = Econf
2χstrong

∣∣∣∣dΛcolor
dL

∣∣∣∣ .
For static color sources, when

L to ∞,

the integrated closure cost grows, so that

Vstrong to large.

In full QCD with dynamical quarks, this linear growth is eventually interrupted by string breaking
through quark-antiquark pair creation.

The classical restoring force along the stretching coordinate has magnitude∣∣∣F (strong,cl)
L

∣∣∣ ≃ σ.

Therefore the two limiting behaviors are

L → 0 implies asymptotic freedom

and
L → ∞ implies confinement .

The strong-sector QCD-limit reconstruction is then

color singlet = closed internal phase-time state,

gluon self-coupling = self-interaction of internal circulation,

and
running coupling = scale-dependent closure tension.

Together these relations close the basic strong-sector QCD map:

color singlets + non-Abelian gluon self-coupling + running αs
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The same strong-sector map is expressed below in the metric and action language of the internal
SU(3) phase-time closure fiber.

Figure 6: Flavor as a stable Compton phase-time writing resonance of the closed spherical carrier.
The three-dimensional closed phase-time sphere renderings in the schematic are illustrative projec-
tions of the complex phase-time boundary structure, used to visualize resonance bands, phase-time
circulation, and rewrite overlap. The physical definition used in the text is the closed complex
spherical Compton phase-time carrier.

8.10 Phase-Time Bridge and Metric Form of Strong Phase Closure

The strong sector depends on the earlier phase-time derivation. The phase-time section identified
the coherent branch as dtϕ,coh = τ

(ω)
C e−iϕdϕ, which is the branch used here on the internal three-

state phase space. The strong interaction uses this same temporal architecture on an internal
three-state space. What remains the same is the phase-time gradient architecture; the strong
sector uses the closure-cost potential on the internal three-state phase space.

The strong interaction sector can also be written in the same metric language used above for the
electromagnetic and electroweak sectors. Confinement and strong-coupling behavior are expressed
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through the QCD-limit fields and the internal SU(3) phase-time closure geometry [180] [179]. The
metric form expresses the already derived strong phase-time closure condition as a fiber geometry
over the informational spacetime base.

In the two-sphere model, the strong sector corresponds to internal closure on the present interface.
The realized interface preserves a closed triplet of internal phase-time orientations. We write this
color phase-time triplet as

Φc =

e
iϕ1

eiϕ2

eiϕ3

 .
The symmetric color-triangle closure condition is

eiϕ1 + eiϕ2 + eiϕ3 = 0.

The determinant-preserving phase-time representation is

ϕ1 + ϕ2 + ϕ3 = 0 mod 2π.

These are two levels of closure. The phase-time sum condition expresses the special-unitary,
determinant-preserving orientation constraint. The triangular condition

3∑
i=1

eiϕi = 0

is the symmetric color-singlet representative of that internal phase-time closure.

Thus the strong sector is the local geometry of a closed three-orientation phase-time system. The
interaction is the requirement that the three internal phase-time orientations remain closed on the
two-sphere interface while they are transported through the realized spacetime base.

The natural gauge group of this closure is the color gauge group of QCD [177]

SU(3).

The special-unitary condition expresses the preservation of internal phase-time closure. Local
transport of the color phase-time triplet is therefore written as the non-Abelian covariant transport
of an internal triplet [244].

DµΦc =
[
∂µ + igsG

a
µTa

]
Φc,

where

130



Ta = λa

2 ,

and λa are the Gell-Mann generators. The fields Ga
µ are the local connections that preserve the

three-orientation phase-time closure under spacetime transport. In the usual language, these are
the gluon gauge fields.

The corresponding non-Abelian curvature is

Ga
µν = ∂µG

a
ν − ∂νG

a
µ + gsf

abcGb
µG

c
ν .

The final term,

gsf
abcGb

µG
c
ν ,

is the metric expression of the fact that the strong connection transports a closed phase-time triplet
rather than a single Abelian phase. In the electromagnetic sector, the U(1) phase-time fiber has
curvature

F = dA.

In compact notation, with the strong connection denoted by As, the SU(3) closure fiber has cur-
vature

G = dAs + As ∧ As.

Thus the gluon fields carry the closure structure they transport. In UiT language, the strong field
is the curvature of internal phase-time closure preservation.

The same structure can be written as a phase-time closure fiber metric over the informational
spacetime base:

dS2
strong = g(I)

µν dx
µdxν +R2

s⟨DΦc, DΦc⟩.

Here g(I)
µν is the realized informational spacetime metric, while the second term is the metric of the

internal SU(3) phase-time closure fiber. Expanding the fiber term gives mixed metric connections
of the form

gµa ∝ Ga
µ.

Thus the gluon connection is the mixed metric connection between the spacetime base and the
internal three-orientation phase-time closure fiber, exactly as Aµ appeared as the mixed connection
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of the U(1) phase-time fiber and W a
µ appeared as the mixed connection of the SU(2) temporal

doublet.

The complete metric pattern is therefore

gµϕ ∝ Aµ,

for the electromagnetic phase-time fiber,

g(weak)
µa ∝ W a

µ ,

for the weak temporal doublet, and

g(strong)
µa ∝ Ga

µ,

for the strong three-orientation phase-time closure fiber.

The physical meaning of confinement follows from the same closure condition. If the three phase-
time components remain locally closed, the internal triangle

eiϕ1 + eiϕ2 + eiϕ3 = 0

has no exposed color boundary. A color-neutral hadron is therefore a closed internal phase-time
object on the two-sphere interface.

If the color components are separated through spacetime, the system must preserve phase-time
closure along the separation path. This creates a closure-energy cost. The local phase-time closure
contribution can be written as

Vcl = κ

∣∣∣∣∣
3∑

i=1
eiϕi

∣∣∣∣∣
2

.

Spatial separation adds the metric cost of maintaining the closure channel along a path of length
L:

Vstring =
∫ L

0
εcl(s) ds.

In the long-distance limit, when the closure-energy density is approximately constant,

εcl(s) toσ,

this becomes
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Vstring toσL.

Thus the strong potential takes the effective form

Vstrong = κ

∣∣∣∣∣
3∑

i=1
eiϕi

∣∣∣∣∣
2

+
∫ L

0
εcl(s) ds,

with the confinement limit

Vstrong ∼ σL.

The units are
[κ] = energy, [σ] = energy/length.

This is the metric meaning of confinement in UiT. Color separation stretches the internal phase-
time closure condition across realized spacetime. The energy grows because the two-sphere interface
must preserve a closed SU(3) phase-time relation over an increasing spatial separation.

Therefore the strong interaction is the metric geometry of three-orientation phase-time closure
preservation. The gluon fields are the mixed metric connections of the SU(3) closure fiber. Their
non-Abelian curvature expresses the self-coupling of the closure transport, and the linear confine-
ment term expresses the metric cost of preserving internal phase-time closure across distance.

In this form, the strong sector fits the same unified phase-time pattern as the previous sectors:

gravity to g(I)
µν , χ,

electromagnetism to U(1) phase-time fiber, Aµ, Fµν ,

weak interaction to SU(2) temporal writing doublet, W a
µ ,

strong interaction to SU(3) three-orientation phase-time closure fiber, Ga
µ, G

a
µν .

The strong interaction is represented here as the non-Abelian curvature and closure tension of the
internal three-orientation phase-time sector of the same phase-time interface.

9 What Is Mass?

This section gives the internal matter carrier for the Compton writing channel. Mass is formulated
as a closed complex spherical Compton phase-time mode. The same carrier supplies Compton
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recurrence, the invariant energy scale mc2, the phase variable ϕ, the unified field Ξ = χe−iϕ,
spinorial closure, electromagnetic phase projection, the fine-structure fraction, CPT orientation,
and the recurrence-fraction reading of observed particle masses.

The guiding identification is

massive mode = closed complex spherical Compton phase-time mode.

The real scalar projection of this mode is rest mass. The radial clock-rate projection is the closed
Lorentzian gravitational reading. The oriented phase-gradient projection is the electromagnetic
reading. The spinorial orientation of the phase-resolved spherical boundary supplies the spin struc-
ture.

9.1 Mass as a Closed Complex Spherical Phase-Time Mode

Mass-information Im is the distinguished-information channel carried by a closed Compton phase-
time recurrence. A massive system is a closed internal phase-time mode whose external scalar
projection is the rest-energy scale

E0 = mc2.

The electromagnetic section above supplied the phase-time connection and curvature. The present
section supplies the internal matter carrier whose phase-time orientation gives the real mass pro-
jection, whose radial registration projection gives the gravitational clock-load, and whose phase-
gradient projection gives the electromagnetic reading.

In the informational notation of the theory,

Im = mass-information written by a closed Compton phase-time recurrence.

The closure is spherical because the ordinary boundary direction of the rest state is a two-dimensional
spherical direction space,

S2
RB
,

where RB denotes the boundary radius of the closed mode. The phase-resolved state over this
spherical boundary is complex. The ordinary spatial boundary is spherical, and the full phase-
resolved orientation is spinorial, as developed below.

The local internal momentum flow of the closed mode can remain directed at each point. Schemat-
ically,

p⃗int(s)

denotes the internal momentum flow along an internal phase-time path or boundary parameter
s. The observed rest state has zero net external linear momentum because the directed internal
contributions close under the normalized closed-cycle average:

P⃗ ext
net = ⟨p⃗int⟩closed = 0.

Equivalently, when s is a path-length parameter over a closed path of length Lclosed,

⟨p⃗int⟩closed = 1
Lclosed

∮
p⃗int(s) ds = 0.
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The energy of the closed recurrence remains:

Eint = mc2.

The scalar exterior reading is therefore
m = Eint

c2 .

This is the mass carrier used in the rest of the theory: internally directed phase-time activity closes
into an externally scalar rest-energy reading and a radial Lorentzian clock-load.

9.2 Internal Phase Closure and Radial Lorentzian Distortion

The scalar equation
E0 = mc2

gives the rest-energy magnitude of a massive carrier. By itself, this scalar reading leaves the
orientation question of mass open. Directed energy-momentum carries an orientation and produces
directed Lorentzian time-distortion. A rest mass carries the same energy scale while having no
surviving external net motion. The question is therefore why directed energy produces a directional
Lorentzian distortion, while rest mass produces a radial clock distortion.

The Compton phase reading supplies the missing structure. The rest-energy magnitude also defines
the Compton phase rate

E0 = ℏωC ,

so that
ωC = mc2

ℏ
.

Thus the rest energy is written as a closed internal phase-time recurrence,

ψC(t) = e−imc2t/ℏ = e−iωCt.

The scalar expression mc2 gives the external rest-energy magnitude. The Compton phase expression
gives the internal phase-time orientation through which that energy is closed.

Let n̂(s) denote the local internal orientation along the closed Compton phase-time cycle. The
local internal momentum scale is

p⃗int(s) = Eint
c
n̂(s).

Locally,
p⃗int(s) ̸= 0.

The closed spherical carrier cancels the surviving external vector direction through phase-time
closure,

⟨n̂⟩closed = 0,

and therefore
⟨p⃗int⟩closed = 0.

Equivalently,
P⃗ ext

net = 0.
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The scalar energy remains,
Eint = E0 = mc2.

The externally observed invariant mass follows from the closed energy-momentum system,

M2
obsc

4 = E2
int −

∣∣∣P⃗ ext
net

∣∣∣2 c2.

Since
P⃗ ext

net = 0,

one obtains
Mobs = Eint

c2 .

For the rest mode,
Eint = mc2, Mobs = m.

The closure cancels the first directional moment. The second directional moment remains. For an
isotropic closed spherical phase-time projection,

⟨n̂in̂j⟩closed = 1
3δij .

Therefore,

⟨pipj⟩closed =
(
Eint
c

)2
⟨n̂in̂j⟩closed = 1

3

(
Eint
c

)2
δij .

This is the mass-side mechanism. The local directed internal phase-time energy closes its external
vector momentum, while the Lorentzian time-distortion carried by that energy remains as a radial
scalar Lorentzian projection. Rest mass is closed Compton phase-time energy whose directed
Lorentzian distortion appears externally as radial scalar Lorentzian distortion.

The relativistic capacity geometry developed earlier already identified the two readings of the same
Lorentzian load. For directed motion,

Λv = v2

c2 ,

and the Lorentzian clock factor is

χ2
v = 1 − Λv = 1 − v2

c2 .

For the static radial exterior of a closed mass carrier, the dimensionless radial load is the closed
internal energy normalized by the gravitational coupling and the exterior radius:

Λg(r) = 2GEint
rc4 .

Using
Eint = Mobsc

2,

this becomes
Λg(r) = 2GMobsc

2

rc4 = 2GMobs
rc2 = rs

r
.
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This is the normalized radial scalar Lorentzian load of the closed Compton phase-time carrier. The
radial Lorentzian clock factor is

χ2
g(r) = 1 − Λg(r) = 1 − rs

r
.

Thus

χg(r) =
√

1 − rs

r
=

√
1 − 2GMobs

rc2 .

In the free-fall projection developed in the relativity section, the two loads coincide,

v(r)2

c2 = rs

r
,

so that
χv(v(r)) = χg(r).

The present mass section supplies the origin of the radial reading. The Schwarzschild clock factor
is the radial closed phase-time projection of the same Lorentzian time-distortion that appears
directionally in special relativity. Directed energy gives open Lorentzian load. Closed Compton
phase-time energy gives radial Lorentzian load. [16] [97] [54] [48] [67] [68]
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9.3 Compton Writing Rate and the Closed Mass-Information Channel

A closed massive mode carries the Compton angular frequency

ωC = mc2

ℏ
, fC = mc2

h
.

The corresponding angular and full-cycle times are

τ
(ω)
C = ℏ

mc2 , TC = h

mc2 = 2πτ (ω)
C .

A one-radian phase step carries the action scale ℏ, while a full Compton recurrence carries the action
scale h. This Compton recurrence supplies the mass-writing scale introduced at the beginning of
the manuscript:

İm = dIm

dt
= fC = mc2

h
.

Thus the mass channel is a closed internal writing rate. The invariant energy mc2 and the Compton
rate ωC are two readings of the same closed recurrence:

E0 = mc2 = ℏωC .

The stationary phase form of the closed rest mode is

ψC(τ) = ψ0e
−imc2τ/ℏ = ψ0e

−iωCτ .

Therefore
iℏ
∂ψC

∂τ
= mc2ψC .

This is the stationary Schrödinger-form reading of the same closed Compton phase-time recurrence.
The equation states that rest energy is the phase rate of the closed mass-information channel. [19]
[90]

The reduced Compton wavelength is
λ̄C = ℏ

mc
,

and the full Compton wavelength is

λC = 2πλ̄C = h

mc
.

The phase along a boundary path of length s = cτ is therefore

ϕB(s) = s

λ̄C

, ωCτ = s

λ̄C

.

The Compton cycle is the phase-time recurrence of the closed spherical mode.
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9.4 Fast Compton Carrier, Slow Envelope, and Free Schrödinger Dynamics

The same closed mass carrier also gives the quantum envelope structure. The internal Compton
phase is

ψC(t) = e−iωCt, ωC = mc2

ℏ
.

A freely propagating massive quantum state is written as a slow spatial envelope riding on this fast
Compton carrier,

Ψ(x, t) = ψ(x, t)e−iωCt.

Equivalently,
Ψ(x, t) = ψ(x, t)e−imc2t/ℏ.

The exponential factor is the fast internal mass clock. The envelope ψ(x, t) is the slow spatial
update of the same carrier through external configuration space.

After the fast Compton phase has been factored out, the envelope carries the residual motional
phase of the carrier. This is the same motion-information channel developed in the relativistic
sector, now read after the Compton phase-time carrier has been separated from the slow external
update. In the slow-envelope limit, the envelope generator is the kinetic update of that motion
channel

Eenv ≃ p2

2m.

The envelope energy and momentum operators are

Eenv to iℏ ∂
∂t
,

and
p to − iℏ∇.

Therefore,

iℏ
∂ψ

∂t
= p̂2

2mψ.

Since
p̂2 = (−iℏ∇)2 = −ℏ2∇2,

the slow envelope obeys

iℏ
∂ψ

∂t
= − ℏ2

2m∇2ψ.

This is the free Schrödinger equation. In this reading, it is the slow-envelope dynamics of the closed
Compton mass carrier. The fast phase is the internal mass clock; the slow envelope is the external
spatial update of that carrier.

The same result can also be written in the phase-time transport notation used later. Define

Dq = ℏ
2m.

Then
− ℏ2

2m∇2ψ = −ℏDq∇2ψ,
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and therefore
iℏ
∂ψ

∂t
= −ℏDq∇2ψ.

The transport notation is the coherent-flow reading of the same slow-envelope equation. The
primary mass-sector result is the separation

Ψ(x, t) = ψ(x, t)e−iωCt,

where the closed Compton phase supplies the fast carrier and the free Schrödinger equation describes
the slow spatial envelope.

The closed mass carrier therefore has four projections:

scalar rest-energy projection: E0 = mc2,

internal Compton phase projection: ωC = mc2

ℏ
,

radial Lorentzian gravitational projection: χ2
g(r) = 1 − rs

r
,

slow-envelope quantum projection: iℏ
∂ψ

∂t
= − ℏ2

2m∇2ψ.

Mass is the closed Compton phase-time carrier whose scalar, phase, radial, and slow-envelope
projections give rest energy, Compton frequency, Schwarzschild clock-load, and free Schrödinger
dynamics. [18] [19] [90]

9.5 Planck Closure, Compton Scale, and Gravitational Radius

The natural closure comparison uses the gravitational radius

rg = Gm

c2 ,

and the reduced Compton wavelength
λ̄C = ℏ

mc
.

Their ratio is
rg

λ̄C

= Gm2

ℏc
.

Using the Planck mass

mP =

√
ℏc
G
,

this becomes
rg

λ̄C

=
(
m

mP

)2
.

At the Planck mass,
m = mP ,

the two scales coincide:
rg = λ̄C .
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The Schwarzschild radius is
rs = 2rg = 2Gm

c2 .

The clean closure equality is therefore the equality between the reduced Compton scale and the
gravitational radius, while the Schwarzschild boundary carries the conventional factor 2.

For m = mP , one also has
λ̄C(mP ) = lP ,

where

lP =

√
ℏG
c3 .

Thus the Planck mass is the closure scale at which the Compton phase scale and the gravitational
closure scale meet. Ordinary observed masses lie below this full closure scale, but their masses are
still read by the same Compton recurrence law.

Thus the same object contains two standard scales: internally it carries the Compton phase recur-
rence, and externally it supplies the radial gravitational clock-rate boundary. This gives the matter
carrier its Compton writing scale and its radial gravitational projection within one closed spherical
phase-time structure. [97] [54] [19]

9.6 Spinorial Orientation on the Spherical Phase Boundary

Spin is the phase-resolved orientation law of the closed spherical Compton phase-time mode. The
ordinary boundary direction is spherical, while the full phase-resolved orientation is spinorial.

Let Ψs be a normalized two-component spinor,

Ψs =
(
z1
z2

)
, z1, z2 ∈ C, |z1|2 + |z2|2 = 1.

The normalized spinor states form
S3 ≃ SU(2).

The ordinary spatial direction is obtained by the Pauli projection

n̂ = Ψ†
sσΨs, n̂ ∈ S2.

Thus the phase-resolved orientation has the structure

S3 ≃ SU(2) toS2,

or, in group language,
SU(2) toSO(3).

The spinorial closure law follows in the usual form. A rotation by angle θ acts on the internal
orientation through

Ψs(θ) = exp
(

− i

2θσ · â
)

Ψs(0),
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where â is the rotation axis. A single 2π spatial rotation returns the ordinary direction and reverses
the spinor sign:

Ψs(2π) = −Ψs(0).

A second 2π rotation restores the full phase-resolved state:

Ψs(4π) = Ψs(0).

Equivalently,
U(2π) = −1, U(4π) = +1.

Spin is therefore the orientation and closure law of the closed spherical Compton phase-time mode.
The mass sector reads the recurrence rate. The spin sector reads the SU(2) orientation law of the
phase-resolved spherical boundary. [98] [99] [100]

9.7 Dirac Spinor as the Relativistic Completion of the Temporal Spinor Doublet

The previous subsection showed that the phase-resolved spherical boundary of the closed Compton
mass mode carries a spinorial orientation law. The purpose of the present subsection is to make
explicit how this two-component spinorial structure is completed into the standard relativistic Dirac
spinor.

The unified phase-time field of the closed mass carrier is

Ξ = χe−iϕ.

Here χ is the real clock-rate amplitude and ϕ is the internal phase-time angle. The phase factor
e−iϕ is single-valued under a 2π phase recurrence. A spinor, however, is not a vectorial phase state.
It is the square-root phase orientation of the closed boundary state. The natural spinorial lift of
the phase-time factor is therefore

e−iϕ to e−iϕ/2.

Under a 2π phase rotation,
e−i(ϕ+2π)/2 = −e−iϕ/2,

while under a 4π rotation,
e−i(ϕ+4π)/2 = e−iϕ/2.

Thus the half-phase lift already contains the spinorial closure law:

Ψ(2π) = −Ψ(0), Ψ(4π) = Ψ(0).

In the present theory this spinorial half-phase is not introduced as an independent postulate. It is
the local representation of the two temporal orientations of the closed phase-time carrier. Define
the temporal spinor doublet

Ψτ =
(
ψ+
ψ−

)
,
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where ψ+ and ψ− denote the forward and backward phase-time orientation amplitudes of the same
closed carrier. In the simplest local phase representation,

ψ+ ∼ e−iϕ/2, ψ− ∼ e+iϕ/2.

The normalized temporal spinor satisfies

Ψ†
τ Ψτ = |ψ+|2 + |ψ−|2 = 1.

Therefore the local temporal-orientation state lies on

S3 ≃ SU(2).

The observable spatial spin direction is not the spinor itself. It is the Pauli projection of the
temporal spinor doublet:

n̂ = Ψ†
τ σΨτ , n̂ ∈ S2.

Thus the internal phase-time doublet supplies the spinorial orientation space,

S3 ≃ SU(2),

while the ordinary spatial direction is the projected vector,

SU(2) toSO(3), Ψτ 7−→ n̂.

This is the precise sense in which spin is the observable projection of a forward/backward phase-time
doublet.

A local rotation by angle θ about axis â acts on the temporal spinor by the standard SU(2) operator

Ψτ (θ) = exp
(

− i

2θσ · â
)

Ψτ (0).

Consequently,
Ψτ (2π) = −Ψτ (0), Ψτ (4π) = Ψτ (0).

The closed spherical mass carrier is therefore vectorially closed in ordinary space but spinorially
closed only after 4π in the phase-resolved orientation space.

The Dirac spinor is obtained when this temporal spinor structure is required to obey a local
relativistic first-order wave equation. The closed Compton carrier satisfies the relativistic mass-
shell relation

E2 = p2c2 +m2c4.

Equivalently,
E2 − c2p2 −m2c4 = 0.

To write this as a first-order local evolution law, one seeks a Hamiltonian linear in p,

HD = cα · p + βmc2,
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such that
H2

D = c2p2 +m2c4.

This requires
{αi, αj} = 2δij1, {αi, β} = 0, β2 = 1.

The minimal matrices satisfying these relations are 4 × 4 matrices built from the Pauli matrices,

αi =
(

0 σi

σi 0

)
, β =

(
1 0
0 −1

)
.

The four components are therefore not arbitrary. They are the minimal relativistic completion of
two coupled two-component spinorial sectors.

In the notation of the present theory, write the Dirac field as

ΨD =
(

Φ+
Φ−

)
, Φ+,Φ− ∈ C2.

The two sectors Φ+ and Φ− carry the two temporal orientations of the phase-time carrier, each
with its Pauli spinorial boundary structure. The mass term couples the two temporal orientations
through the invariant Compton recurrence scale mc2, while the momentum term transports the
spinorial orientation through external space.

The first-order relativistic evolution equation is then

iℏ
∂ΨD

∂t
=
(
−iℏcα · ∇ + βmc2

)
ΨD.

Equivalently, in covariant notation, (
iℏc γµ∂µ −mc2

)
ΨD = 0.

This is the standard Dirac equation.

In the present interpretation, the Dirac spinor is not an added independent object. It is the
relativistic completion of the temporal spinor doublet already contained in the closed complex
spherical mass mode:

Ξ = χe−iϕ to Ψτ =
(
ψ+
ψ−

)
to ΨD =

(
Φ+
Φ−

)
.

The first relation is the spinorial half-phase lift of the closed phase-time field. The second relation is
the relativistic completion required by the mass-shell relation. The Pauli matrices appear because
the projected orientation of the temporal doublet is

n̂ = Ψ†
τ σΨτ ,

and the Dirac matrices appear because a first-order relativistic dynamics of such spinorial orienta-
tions requires the Clifford algebra.
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Thus the chain is

closed Compton phase-time mode generates forward/backward temporal spinor doublet,
forward/backward temporal spinor doublet carries SU(2) spinorial orientation,

SU(2) spinorial orientation admits Dirac relativistic completion.

Spin is the Pauli projection of the normalized temporal doublet. The Dirac spinor is the four-
component relativistic field obtained when the same closed phase-time carrier is required to prop-
agate consistently with the relativistic energy-momentum relation.

9.8 Mass, Electromagnetic Phase, Fine Structure, and Observed Electron Mass

The phase-time energy of the closed Compton mass mode is written

Eϕ = mc2e−iϕ.

This single complex phase-time mode has two projections. The real scalar projection gives rest
mass, inertia, and the gravitational clock-load. The oriented phase-gradient projection gives the
electromagnetic reading.
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The real projection of this phase-time energy supplies the scalar mass and radial clock-load described
above. The phase-gradient projection supplies the electromagnetic reading. For small phase,

e−iϕ ≈ 1 − iϕ,

so
Eϕ ≈ mc2(1 − iϕ).

The real sector is
Ereal ≈ mc2,

and the phase sector is
Ephase ≈ −imc2ϕ.

Therefore
ℜ(Eϕ) to mass, inertia, and gravitational clock-load,

while
ℑ(Eϕ) to phase-gradient electromagnetic projection.

Taking the phase-gradient contribution gives

−∇Eϕ = imc2∇ϕ

in the phase-force sector, so
Fphase ∝ ∇ϕ.

This is the local route from the Compton phase-time mode to electromagnetic coupling. The U(1)
language is the gauge representation of local phase transport.

The same statement is written more generally through the unified phase-time field

Ξ = χe−iϕ.

For a massive carrier,
EΞ = mc2Ξ = mc2χe−iϕ.

Its gradient is
FΞ = −mc2∇(χe−iϕ)

= −mc2e−iϕ∇χ+ imc2χe−iϕ∇ϕ.

The first term is the real clock-rate branch:

∇χ to mass, inertia, gravity, and clock-rate loading.

The second term is the phase branch:

∇ϕ to charge and electromagnetism.

Thus an electron is the charged electromagnetic projection of the same closed Compton phase-time
mode: the real projection gives the electron rest mass, while the oriented phase-gradient projection
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gives its charge and electromagnetic coupling. The U(1) fiber is the gauge-theoretic representation
of this local phase transport.

The Planck energy of the closed Planck phase-time mode is

EP =

√
ℏc5

G
= ℏc
lP
.

The maximal electrostatic interaction energy between two elementary charges at separation lP is

Uel(lP ) = 1
4πϵ0

e2

lP
.

Using

α = e2

4πϵ0ℏc
,

one obtains
Uel(lP ) = α

ℏc
lP

= αEP .

Thus
Uel(lP )
EP

= α.

The fine structure constant, historically introduced in Sommerfeld’s fine-structure analysis [102]
and measured in modern constants tables [103], is therefore interpreted as the normalized electro-
magnetic phase projection of the Planck-scale closed phase-time capacity. [91] [101]

The Planck mass is the maximal closed phase-time registration capacity. The observed mass of a
particle is read through its own Compton recurrence. From the recurrence relation,

m = hfC

c2 .

Define the Planck frequency

fP = mP c
2

h
.

Then
m = mP

fC

fP
.

This relation is general. It holds for any observed rest mass. In energy units,

mc2 = (mP c
2)fC

fP
.

For the electron specifically,
me = mP

fC,e

fP
,

or
mec

2 = (mP c
2)fC,e

fP
.

The Planck closed spherical phase-time mode provides the maximal internal registration capacity,
while the observed electron mass is the realized recurrence of that mode at the electron’s Compton

147



refresh rate. This closes the apparent gap between the Planck closure scale and the much smaller
observed electron mass.

Figure 7: Three-dimensional visualization of the internal phase-circulation structure of the mass
carrier. The physical carrier in the present formulation is the closed complex spherical Compton
phase-time mode. The closed phase-time sphere rendering is an illustrative spatial projection of the
complex phase-time boundary structure, used to visualize phase-time circulation, spinorial closure,
electromagnetic phase-time holonomy, and CPT orientation.

9.9 CPT Orientation and Horizon Closure of the Closed Spherical Phase State

The same closed spherical phase-time structure admits opposite phase-time orientations. Matter
and antimatter are interpreted as opposite orientations of one phase-time object, and CPT becomes
the reversal symmetry of that geometric structure. [104] [105] [106] [101] [107] [45]

The experienced arrow remains tied to record formation. Inscribing distinct information requires
thermodynamic dissipation, dS > 0, so a reversed temporal orientation erases the records that
define the observer. Matter and antimatter are the same informational configuration read from
opposite phase-time directions, while the apparent asymmetry belongs to the record-forming ori-
entation of one underlying structure.
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The orientation state may be represented schematically by

ΓS = (m,χ,Φϕ, σ, ϵt),

where m is the Compton recurrence mass, χ is the local clock-rate amplitude, Φϕ is the electromag-
netic phase-time holonomy or phase projection, σ is the spinorial orientation or handed phase-time
orientation of the spherical phase state, and ϵt is the temporal orientation of the recurrence.

Charge conjugation reverses the electromagnetic phase reading,

C : Φϕ maps to − Φϕ, q = Q(Φϕ) maps to − q = Q(−Φϕ).

Parity reverses the spinorial handed orientation,

P : σmaps to − σ.

Time reversal reverses the orientation of the recurrence,

T : ϵt maps to − ϵt, ωC maps to − ωC ,

while the invariant mass scale is preserved by the magnitude of the recurrence,

mc2 = ℏ|ωC |.

The combined operation maps the matter carrier to the opposite phase-time orientation of the same
closed spherical phase-time structure,

CPT : (q, σ, ϵt) maps to (−q,−σ,−ϵt), |Ξ| = χ, |Eϕ| = mc2.

Thus matter and antimatter are opposite readings of one closed phase-time carrier. The recurrence
norm and the Compton mass scale are preserved, while charge, spinorial handed orientation, and
temporal orientation are reversed together.

The horizon reading is also preserved. At the Planck closure scale the reduced Compton scale
and the gravitational radius coincide, λ̄C = rg, while the Schwarzschild radius is rs = 2rg. More
generally, a closed Compton phase-time energy carrier supplies the radial Lorentzian clock-rate
factor developed in the general-relativity sections. The horizon is therefore the limiting boundary
of external distinguishable registration for the closed carrier, while the internal Compton recurrence
remains the mass-writing scale of the mode.

9.10 The Higgs Excitation and the Information Fraction

The observed Higgs mass provides the empirical scale through the ATLAS [108] and CMS [109]
discoveries, while the Higgs mechanism itself follows the original symmetry-breaking works [110]
[111] [112] [113], and the electroweak–Planck hierarchy supplies the naturalness context developed
by Susskind [114] and ’t Hooft [115].

The same recurrence law extends beyond the electron. In the present reading, the measured mass is
the realized recurrence fraction of the Planck-scale closed phase-time capacity. For the Higgs sector,
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this means that the observed Higgs mass is read as the recurrence of the Higgs field excitation at
its own realized Compton update rate.

From the general recurrence relation,
m = hfC

c2 ,

one may write for the Higgs excitation

mH = hfH

c2 ,

where fH is the realized Compton recurrence of the Higgs mode. Defining the Planck frequency by

fP = mP c
2

h
,

the same identity used for the electron gives

mH = mP
fH

fP
.

In the present theory, the ratio fH/fP is the information fraction of the Higgs excitation. It
measures how much of the maximal Planck closed-mode bandwidth is actually realized by the Higgs
mode. The Planck scale is the absolute bandwidth limit of closed spherical phase-time registration,
whereas the Higgs mass is a local excitation of the Higgs field within that capacity. The hierarchy
is therefore the statement that a local excitation can occupy a small recurrence fraction of the full
internal capacity of the system.

Using the observed Higgs mass scale

mHc
2 ≈ 125.1 GeV, mP c

2 ≈ 1.2209 × 1019 GeV,

the corresponding realized fraction is

fH

fP
= mH

mP
= mHc

2

mP c2 ≈ 125.1
1.2209 × 1019 ≈ 1.0247 × 10−17.

Substituting this fraction back into the recurrence formula returns the observed Higgs mass by
construction,

mHc
2 = (mP c

2)fH

fP
≈ 1.2209 × 1019 GeV × 1.0247 × 10−17 ≈ 125.1 GeV.

The significance is that the observed Higgs mass can be read as a realized recurrence fraction of
the Planck-scale closed phase-time bandwidth. The point is conceptual as well as numerical. The
Planck mass is the maximal internal capacity of the closed spherical Compton phase-time mode.
The Higgs mass is the realized recurrence of a specific Higgs field excitation inside that deeper
registration capacity. In that sense, the hierarchy problem is re-read as a bandwidth fraction
problem. The Higgs is a local tension mode inside the structure, while the Planck limit is the total
energy capacity of the closed mode.
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10 Quantum Records and Schrödinger Dynamics

10.1 Quantum Records and Phase-Time Potential Information

In the present framework, time is not a background parameter that continues to flow independently
of physical registration. Time appears only when distinguishable information is written relative to
dispersive cost. The local time relation is therefore tied to informational realization itself.

For this reason, an entangled pair is described as one correlated potential structure before local
records are written. Before measurement, the pair belongs to the potential informational sector.
The correlated structure exists in the potential informational sector prior to distinct local records
for the two subsystems.

When measurement occurs, the relevant distinguishable information is created at once as a physical
record. In that act, the local realized time of the correlated outcome is generated for both members
of the pair together. The observed anti correlation reflects one joint act of record formation inside
one informational structure.

In this reading, the usual paradox is dissolved. The measured outcomes acquire independent
realized-record status during measurement, so the usual faster-than-light reading is replaced by
joint record formation. Measurement creates the observed spin value together with the local realized
time in which that value becomes part of physical history.

Entanglement is therefore interpreted as synchronized realization, addressing the EPR tension [116]
and Bohr’s reply to it [117], Bell-type constraints [118], experimental violations of Bell inequalities
[119], relative-branch readings [120], and time-symmetric quantum formulations [121]. The two
outcomes appear together because the record is written together. The correlation is immediate
because realized time is generated with the act of informational distinction itself.

The same resolution applies to Schrödinger’s cat, the standard paradox of unrealized quantum
alternatives [122]. Until the box is opened, no realized local time has yet been written for that
outcome, because no distinguishable measurement record has been formed. The system remains in
unrealized potential before a classical history is registered. When the box is opened and a record
is created, the local realized time of the outcome is generated, and the cat appears as one definite
result within physical history. The paradox is therefore dissolved in the same way as entanglement:
realized time appears with informational registration.

In this reading the wave function is the compact mathematical representation of potential infor-
mation before record formation. A quantum state describes a coherent phase-time potential whose
distinguishable outcome becomes physical record only when registration occurs.

Write the state schematically as
Ψ(x) = ψ(x)e−iϕ(x).

The amplitude carries the available potential density and the phase carries coherent temporal
orientation. Measurement is then the conversion of a component of this phase-time potential into
a distinct record with dispersed thermodynamic cost,

−dIpot = dIdist + dIdisp.
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The Born weight is read as the registration weight of distinguishable outcomes within the potential
structure,

P (x) = |Ψ(x)|2.
Thus the wave function is the phase-time bookkeeping of unrealized distinguishability before a
stable record is written.

10.2 Informational Wormhole Interpretation

Before measurement, an entangled pair belongs to one common potential informational state,

|Ψ⟩ ∈ H(AB)
pot ,

This state belongs to the shared potential sector of the pair before two independent realized space-
time histories are written. In the present theory, realized local time exists only when distinguishable
information is written into record,

dτ(x) = χ(x) dt, χ(x) = dIdist(x)
dIdisp(x) .

Thus, prior to record formation, the correlated outcome is not yet assigned separate realized times
for A and B. The pair remains one unresolved informational structure in the potential sector.

This motivates an informational notion of wormhole connectivity: two regions may be far apart in
the realized metric, with

dg(A,B) ≫ 1,

while remaining adjacent in the deeper informational structure, with

dI(A,B) ≪ dg(A,B).

Accordingly, a wormhole in the present theory is the realized geometric projection of a nontrivial
informational connection in the potential phase sector,

wormhole = Πreal(W(A,B)) .

Measurement then generates the correlated record jointly,

−dI(AB)
pot = dI

(AB)
dist + dI

(AB)
disp ,

so the correlation reflects a shared informational relation rather than a later signal passing between
two fully realized distant events. Entanglement and wormhole like connectivity, beginning with
the Einstein–Rosen bridge [123], are therefore interpreted as two projections of the same deeper
informational relation [124].
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10.3 Black-Hole Information Paradox and White-Hole Projection

The phase-time law contains the information-paradox mechanism and is formulated in direct contact
with Hawking’s information-loss formulation [125], Page’s entropy analysis [126], and later firewall
and review literature [127] [128]. The complex time increment is

dtϕ = τ
(ω)
C χe−iϕdϕ, (473)

and the realized linear-time projection is

dτ = ℜ(dtϕ) = τ
(ω)
C χ cosϕdϕ. (474)

The sign of the realized projection is controlled by cosϕ. The positive branch, cosϕ > 0, is the
forward realized-time orientation. The negative branch, cosϕ < 0, is the reverse realized-time
orientation.

A black-hole horizon is the saturation surface of the forward realized branch. Information falling
through the forward branch reaches the horizon capacity boundary. The same phase-time structure
contains the reverse branch, in which the realized projection changes sign. Information that enters
the horizon in the forward orientation appears as outward informational release in the reverse
orientation, echoing black-hole information recovery scenarios [129].

The paradox is resolved by the cosine projection of phase-time. Forward linear time carries in-
formation inward toward horizon saturation. Reverse linear time carries the same informational
content outward from the same horizon structure. Conservation belongs to the full phase-time
process, while each observer samples one realized projection.

White-Hole Projection. White holes are the reverse-time projection of the same horizon mech-
anism. A black hole is the cosϕ > 0 projection, where the distinct-plus-dispersed horizon record
is driven inward toward saturation. A white hole is the cosϕ < 0 projection, where the same hori-
zon structure releases the distinct-plus-dispersed record outward. The black-hole and white-hole
descriptions are complementary linear-time projections of one phase-time boundary.

This section derives diffusion from the clock-rate force branch and recovers Schrodinger dynamics
through the coherent phase-time branch. The dissipative and coherent descriptions are treated as
projections of one temporal structure.

10.4 Informational Diffusion and Schrödinger Dynamics from the Clock-Rate
Force Branch

Diffusion is another realization of the same clock-rate force branch already obtained from the
mismatch energy. Whenever the concentration of distinguishable matter or structure varies from
one region to another, the entropic or dispersive load also varies, and therefore the local linear-time
factor varies as well. A spatial gradient of concentration is thus also a spatial gradient of local time
load.

Write the dissipative branch in terms of the mismatch load energy associated with the local clock-
rate factor, connecting Einstein’s relativistic dynamics [96], gravitational field theory [97], and
thermodynamic or entropic readings of gravity [130] [131]:
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Ediff = mc2(1 − χ).

This sign belongs to the dissipative-relaxation projection of the same clock-rate field. The static
configuration branch uses the configuration potential

Uχ = mc2χ, Fχ = −∇Uχ = −mc2∇χ,

while diffusion uses the load energy

Ediff = mc2(1 − χ).

Thus the same χ-field has two complementary projections: configuration response and dissipative
relaxation. These two energies are not reciprocal to one another. They are complementary energy
readings of the same clock-rate field:

Ediff = mc2(1 − χ) = mc2 − Uχ.

The configuration branch follows gradients of the available clock-rate capacity, while the diffusion
branch relaxes gradients of the missing or consumed clock-rate capacity. This is the mathematical
distinction between gravitational/configurational response and diffusion: gravity follows the load
in the configuration potential, while diffusion and osmosis relax the dispersive load created by
concentration differences.

The reciprocal variable appears only when the same load is written as the thermodynamic/Lorentz
cost

γ = 1
χ
, Eγ = mc2(γ − 1) = mc2

( 1
χ

− 1
)
.

This gives
−∇Eγ = −mc2∇γ = +mc2 1

χ2 ∇χ.

Thus the γ-load form points in the same relaxation direction as Ediff = mc2(1−χ). In the weak-load
limit χ ≈ 1, the two load energies agree to first order:

mc2(1 − χ) ≃ mc2
( 1
χ

− 1
)
.

The diffusion force is the negative gradient of this dissipative-load energy,

Fdiff = −∇Ediff = −∇
[
mc2(1 − χ)

]
= +mc2∇χ.

Now consider a medium whose local state is characterized by a concentration or dispersive-load
field C(x). If different concentrations correspond to different local dispersive loads, then the local
time factor becomes a function of concentration,

χ = χ(C).
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Applying the chain rule gives

∇χ = dχ

dC
∇C.

The force law therefore becomes

Fdiff = mc2 dχ

dC
∇C.

This is the real dissipative diffusion force. It is not introduced independently. It appears because
different concentrations correspond to different local informational and entropic loads, which means
different local rates of linear-time realization. Wherever the local time field varies, the clock-rate
branch generates a dissipative-load force.

To obtain the transport law, balance this force against viscous drag in the standard overdamped
limit. If the mobility is µ, then the drift velocity is

v = µFdiff = µmc2 dχ

dC
∇C.

The corresponding flux is

J = Cv = µmc2C
dχ

dC
∇C.

In the load variable used here, increasing concentration increases the local dispersive load and
therefore decreases the available time factor, so

dχ

dC
< 0.

The positive dissipative diffusion coefficient is therefore

Ddiss ≡ −µmc2C
dχ

dC
> 0.

With this sign convention, the transport law takes the standard Fick form

J = −Ddiss∇C.

This is Fick’s law in its classical transport form [132], placed here in contact with Einstein’s
Brownian-motion treatment of diffusion [133]. In the present framework it arises because concen-
tration differences imply different local informational loads, different local time rates, and therefore
a real force that drives transport down the gradient. Real dissipative diffusion is therefore the
transport limit of the same clock-rate mismatch mechanism, evaluated through the dissipative-load
projection Fdiff = +mc2∇χ.
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For the ideal dilute case used in Section 3.8, one may set C = n and µ = M . The Section 3.8
chemical-potential gradient requires

mc2dχ

dn
∇n = −kBT∇ lnn = −kBT

n
∇n,

so that
dχ

dn
= − kBT

mc2n
.

Substitution into the dissipative coefficient gives

Ddiss = −µmc2n
dχ

dn
= MkBT,

which recovers the same Einstein mobility-diffusion relation obtained in Section 3.8.

10.5 Phase-Time Diffusion and Complex Schrödinger Transport

The Schrödinger bridge uses a different projection of the same architecture: the coherent phase-
time branch. The dissipative coefficient Ddiss above belongs to real Fick transport. The coherent
quantum coefficient belongs to the phase branch and is fixed by the Compton scale of the massive
carrier,

Dq = ℏ
2m.

Using the phase-time law developed above, the elementary coherent Compton branch is obtained
by taking the coherent normalized branch of the registration ratio.

On the elementary coherent Compton branch this becomes

dtϕ,coh = τ
(ω)
C e−iϕdϕ.

The coherent Schrödinger projection is obtained on the pure phase-time orientation

ϕ = −π

2 ,

for which

e−iϕ = e−i(−π/2) = eiπ/2 = i.

Thus the coherent phase-time increment is

dtϕ = i dtlinear,

where tlinear denotes the magnitude of the realized linear-time parameter. Equivalently,
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∂

∂tϕ
= −i ∂

∂tlinear
.

The coherent phase-time diffusion equation is then

∂ψ

∂tϕ
= Dq∇2ψ.

Substituting dtϕ = i dtlinear gives

−i ∂ψ

∂tlinear
= Dq∇2ψ.

Multiplication by −ℏ yields

iℏ
∂ψ

∂tlinear
= −ℏDq∇2ψ.

Using the coherent quantum diffusion coefficient Dq = ℏ/(2m) gives

iℏ
∂ψ

∂tlinear
= − ℏ2

2m∇2ψ.

This is the free Schrödinger equation [90], connected here with Madelung’s hydrodynamic form [134]
and Bohm’s pilot-wave reconstruction [135], Nelson’s stochastic reconstruction [136] and related
stochastic mechanics [137], and Feynman’s path-integral perspective [138] and the Feynman–Kac
bridge between diffusion and quantum amplitudes [139]. The result is not a formal Wick rotation
[140] imposed from outside. It is the coherent phase-time projection of diffusion under the UiT
time law. Ordinary Fick diffusion, described by the standard Fokker–Planck and stochastic-process
treatments [141] [142], remains the real dissipative projection, while Schrödinger evolution is the
coherent phase projection of the same informational-time structure.

The same result can be stated in compact form. Diffusion and Schrödinger evolution are not two
unrelated laws. They are the same transport architecture evaluated on two different temporal
projections. In the realized branch, time is real and the equation remains dissipative transport
with coefficient Ddiss. In the coherent branch, the realized projection vanishes, ϕ = −π/2, and the
same architecture is evaluated on the purely imaginary temporal increment

dtϕ = i dtlinear.

The coherent branch uses

Dq = ℏ
2m,
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and therefore becomes

iℏ
∂ψ

∂tlinear
= − ℏ2

2m∇2ψ,

which is exactly the free Schrödinger equation. The coherent quantum branch is therefore not
added to diffusion from outside. It emerges directly from the phase-time law.

The thermodynamic direction of records is read here through Boltzmann’s statistical irreversibility
[32] and modern information-theoretic accounts of the arrow of time [143].
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11 Unified Action, Cosmology, and Metric Residues

This section collects the action-level formulation, the cosmological time-action terms, and the
metric-residue construction associated with the real projection of electromagnetic phase-time struc-
ture.

11.1 The Unified Informational Action

The preceding sections developed the writing channels, relativistic capacity metric, phase connec-
tion, diffusion branch, and internal interaction sectors within the action-based language of field
theory [68]. These structures combine in a single effective action whose geometric core is the infor-
mational metric g(I)

µν derived above. The local clock-rate-capacity field χ is the scalar projection of
this metric in the sector under consideration. In the static gravitational sector,

g
(I)
tt = −c2χ2.

In kinematics the same symbol denotes the surviving temporal writing fraction χv =
√

1 − v2/c2.
In the action language, the metric g(I)

µν carries the gravitational degree of freedom, while χ is used
as the local projection that generates the force laws and transport limits.

Using the same metric and normalization conventions as the tensor completion, the unified effective
action is written as an effective-field-theory action [184] [185] [186] [244] [187]

Aunified =
∫
d4x

√
−g(I)

[
c3

16πG
(
R[g(I)] − 2Λτ

)

+ L(I)
src + LEW + Ldiff + Lflavor + Lstrong + LΞ + Lint

]
.

This expression collects the previously derived sectors in one variational framework. The elec-
troweak interface sector is represented by LEW, built from the SU(2) temporal-doublet connection
W a

µ , the U(1)Y phase-fiber connection Bµ, the rewrite doublet Ψτ , the weak rewrite scale Erewrite,
and the neutral fiber metric G

(0)
EW. The electroweak part contains the covariant doublet term

(DµΨτ )†(DµΨτ ), whose fixed rewrite norm

⟨Ψτ ⟩ = 1√
2

(
0

Erewrite

)

gives the charged and neutral weak-boson mass projections described above. After the electroweak
rotation, this sector separates into the electromagnetic transport branch and the weak temporal-
rewrite branch. The effective neutral mixing angle is determined by the neutral interface metric

G
(0)
EW =

(
R2

τ Cϕτ

Cϕτ R2
ϕ

)
.

The curvature term is the same capacity action introduced in the tensor completion. Its variation
gives

Gµν [g(I)] + Λτg
(I)
µν = 8πG

c4 T (I)
µν .
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The source term L(I)
src generates the informational stress-energy tensor,

T (I)
µν = − 2c√

−g(I)

δA(I)
src

δgµν
(I)

,

in the x0 = t convention used throughout this manuscript. It contains the mass-writing, motion-
writing, temporal-registration, dispersive-cost, pressure, flux, and anisotropic-stress contributions
defined in the tensorial reconstruction.

The Bianchi identity fixes the conservation structure. For a variable homogeneous temporal-writing
term,

∇µ

(
T (I)

µν − c4

8πGΛτg
(I)
µν

)
= 0,

or equivalently

∇µT (I)
µν = c4

8πG∂νΛτ .

Thus the unified action uses the same conservation law already obtained from the covariant metric
reconstruction.

The electromagnetic term is the post-rotation action-level component obtained from LEW after
the Weinberg rotation. In the boxed unified action, LEW denotes the pre-rotation electroweak
fiber sector; the expression below is its electromagnetic projection, not an additional independently
counted sector.

The electromagnetic branch is encoded by [188]

LEM = −1
4FµνF

µν − JµAµ, Fµν = ∂µAν − ∂νAµ.

The electromagnetic field term is written in rationalized natural/Heaviside–Lorentz normalization;
SI factors such as µ0 are restored by the standard rescaling of Fµν , Aµ, and Jµ. Here Aµ is the
full dynamical phase-time connection. This is the field-theoretic completion of the coherent phase
branch. Variation with respect to Aµ gives

∇νF
νµ = Jµ,

while the definition of Fµν gives the homogeneous Maxwell identity. The connection Aµ is the
transport rule for comparing the phase-time fiber over neighboring spacetime points.

The diffusion branch is written in terms of a concentration field C(x) and the same metric capacity
map:

Ldiff = −D0
2 g(I)µν∂µC ∂νC − Udiff(C,χ).

D0 is the phenomenological informational transport stiffness of the diffusive branch. It sets the
action-level cost of maintaining gradients in the concentration or distinguishability field C, and in
the hydrodynamic limit it corresponds to the macroscopic diffusion response of the medium.

The force-level diffusive load is the per-carrier quantity

udiff(C) = mc2 [1 − χ(C)] .
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The action-level potential is the corresponding energy density,

Udiff(C) = C udiff(C) = Cmc2 [1 − χ(C)] .

This separates the units of the action density from the per-carrier force law. The clock-rate projec-
tion gives the common field, while the sign is set by the physical branch. The configuration branch
uses

Uχ = mc2χ, Fχ = −∇Uχ = −mc2∇χ,

whereas the dissipative-load branch uses

udiff = mc2(1 − χ), Fdiff = −∇udiff = +mc2∇χ.

Thus the action keeps the same χ-field while separating configuration response from dissipative
relaxation. The two per-carrier projections are related by

udiff = mc2 − Uχ,

so the opposite sign is the relaxation projection of the same field. If the same local load is expressed
by γ = 1/χ, then

−mc2∇γ = +mc2 1
χ2 ∇χ,

which has the same relaxation direction and reduces to +mc2∇χ in the weak-load limit. The
∇χ projection therefore supplies the common clock-rate branch: inertia and gravitation use the
configuration projection Uχ = mc2χ, while diffusion and osmosis use the complementary dissipative-
load projection udiff = mc2(1 − χ).

The corresponding per-carrier derivative is

∂udiff
∂C

= −mc2 dχ

dC
.

The relaxation force is therefore

Fdiff = −∇udiff = +mc2∇χ = mc2 dχ

dC
∇C.

Since increasing concentration increases dispersive load and decreases χ, one has dχ/dC < 0.
Balancing this force against the effective transport resistance gives the diffusive flux law J =
−D∇C on the clock-rate branch, while the Schrödinger branch is obtained when the same transport
structure is evaluated on coherent phase-time.

The complex time-load sector is encoded by

LΞ = LΞ
(
Ξ, DµΞ; g(I)

µν

)
, Ξ(x) = χ(x)e−iϕ(x).

The local phase-completed energy carrier is

Uϕ(x) = E0Ξ(x),

with E0 supplied by the sector under consideration. Its gradient gives the configuration-potential
force expression

Fϕ = −E0∇Ξ.
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The complementary closure-cost or dissipative-load form is

uϕ(x) = E0 [1 − Ξ(x)] , Fϕ = −∇uϕ = E0∇Ξ.

Sectors written as capacity potentials use Uϕ = E0Ξ, while closure-cost or dissipative-load sectors
use uϕ = E0(1−Ξ). The strong confinement branch is written in the closure-cost form. For massive
matter, the configuration-potential expression becomes

Fϕ = −mc2∇
(
χe−iϕ

)
= −mc2e−iϕ∇χ+ imc2χe−iϕ∇ϕ.

The ∇χ projection gives the common clock-rate-capacity branch. Inertia and gravitation use
the configuration projection Uχ = mc2χ, whereas diffusion and osmosis use the complementary
dissipative-load projection udiff = mc2(1 −χ). The ∇ϕ projection gives the coherent phase branch:
gauge connection, electromagnetic curvature, and phase-coherent transport.

The weak and strong effective sectors use the same action language. The weak projection of LEW,
denoted Lweak in the sector discussion, represents negative-linear-time thermodynamic unwriting
and rewrite. It acts on the branch

dτ = τ
(ω)
C χ cosϕdϕ < 0, cosϕ < 0,

where the forward writing law
−dIpot = dIdist + dIdisp

is read as
−dIdist − dIdisp = dIpot.

The rewrite barrier is

Beff = ln 2 ∆Iw, dIw = −(dIdist + dIdisp) = dIpot, dτ < 0,

and the corresponding transition weight is

prewrite = e−Beff = 2−∆Iw .

It weights flavor-changing transitions by the rewrite-bit barrier for returning the previous distinct-
plus-dispersed record to the potential sector and writing the new closed Compton phase-time res-
onance. The flavor-resonance notation is recorded by

Lflavor = Lflavor (|ωC,f ⟩,Rweak, Vij) ,

with
|f⟩ = |ωC,f ⟩, Rweak|fi⟩ =

∑
j

Vji|fj⟩.

The strong term Lstrong represents confined internal phase-time circulation and its QCD-limit no-
tation,

Lstrong = Lcl + LSU(3),lim,

where
Lcl = Lcl

(
ϕcl, Vstrong,Ξstrong, u

(ϕ)
conf

)
,
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with
u

(ϕ)
conf = Econf (1 − Ξstrong) .

The QCD-limit term is the standard gluon-plus-quark action limit,

LSU(3),lim ∼ −1
4G

a
µνG

aµν +
∑

f

q̄f (iγµDµ −mf ) qf .

Here
Dµqf =

(
∂µ + igsG

a
µTa

)
qf , qf ∈ 3.

The non-Abelian field-strength notation is

Ga
µν = ∂µG

a
ν − ∂νG

a
µ + gsf

abcGb
µG

c
ν .

Its closure potential is

Vstrong = κ

∣∣∣∣∣
3∑

i=1
eiϕi

∣∣∣∣∣
2

+
∫ L

0
εcl ds,

where the closure-energy density is related to the local normalized color load by

εcl(s) = Econf

∣∣∣∣dχstrong
ds

∣∣∣∣ = Econf
2χstrong(s)

∣∣∣∣dΛcolor
ds

∣∣∣∣ , χ2
strong + Λcolor = 1.

The constant-density confinement limit is∫ L

0
εcl(s) ds ≃ σL, σ = 1

L

∫ L

0
εcl(s) ds.

Thus Λcolor is the local normalized closure-load variable, while σL is the accumulated closure energy.
In the effective long-distance notation, the factor 1/(2χstrong) is absorbed into the phenomenological
string tension σ. The phase-completed internal load is

Ξstrong(A) = χstrong(A)e−iΦA ,

where A denotes the internal elongation and phase coordinates and ΦA denotes the internal phase-
time circulation orientation. The phase-completed closure-cost potential is

u
(ϕ)
conf(A) = Econf [1 − Ξstrong(A)] .

The strong restoring force is

F
(strong)
A = −∇Au

(ϕ)
conf = Econf∇AΞstrong.

For confinement along the elongation coordinate, the local closure-cost projection is

uconf(s) = Econf(1 − χstrong(s)),

while the accumulated confinement potential is

Vconf(L) =
∫ L

0
εcl(s) ds.
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Thus the restoring force is

F restore
L = −dVconf

dL
= −εcl(L) = Econf

∂χstrong
∂L

,
∂χstrong
∂L

< 0,

with magnitude |F restore
L | ≃ σ in the approximately constant-density limit. These terms express

the closure-cost branch of the internal strong sector: the restoring force is the negative gradient of
the closure-cost potential, equivalently the gradient of the remaining closure capacity.

The interaction term Lint collects the couplings among matter currents, phase connection, concen-
tration fields, and internal phase variables. In the metric sector the gravitational response is carried
by g

(I)
µν ; in transport and material sectors the scalar χ remains the local projection that converts

metric capacity gradients into ordinary force laws. The unified action therefore matches the ten-
sorial relativistic reconstruction and the later phase, weak, strong, diffusion, and superconducting
branches with one metric representation of the gravitational degree of freedom.

11.2 Metric Fiber Form of the Unified Action

The preceding action can also be read directly from the metric fiber form developed in the elec-
tromagnetic, electroweak, and strong sectors, using the standard differential-geometric language
of bundles and connections [43] [44]. The unified action is therefore the effective four-dimensional
action of one informational spacetime base together with the phase-time fibers transported over
that base.

The compact summary of the fiber geometry is the base-plus-fiber form of the unified gauge struc-
ture [92].

dS2
UiT = g(I)

µν dx
µdxν +R2

ϕ(Dϕ)2

+R2
τ ⟨DΨτ , DΨτ ⟩ +R2

s⟨DΦc, DΦc⟩.

The first term is the realized informational spacetime base, whose curvature term is the general-
relativistic action structure [68]. Its scalar curvature gives the Einstein-Hilbert capacity action
and its local clock-rate projection is the field χ. In this sector inertia and gravitation use the
configuration potential

Uχ = mc2χ, Fχ = −mc2∇χ.

The same χ-field also supplies the complementary dissipative-load projection used by diffusion and
osmosis,

udiff = mc2(1 − χ), Fdiff = +mc2∇χ.

Thus the sign difference between gravitation and diffusion expresses the difference between the
configuration projection and the relaxation projection of the same clock-rate-capacity field.

The second term is the compact phase-time fiber, whose connection term matches the gauge-field
action language used in quantum field theory [244]. Its covariant increment is

Dϕ = dϕ− q

ℏ
Aµdx

µ.

Expansion of this fiber term gives the mixed metric connection

gµϕ ∝ Aµ,
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and the curvature of this connection is

Fµν = ∂µAν − ∂νAµ.

The electromagnetic action term LEM is the four-dimensional field-action expression of this phase-
fiber curvature.

The third term is the temporal-doublet fiber. The doublet

Ψτ =
(
ψ+
ψ−

)

represents the two local orientations of realized-time writing, corresponding to the two signs of
the real projection cosϕ. This is the temporal-orientation substrate; the Standard Model fermion
doublets remain the low-energy matter doublets on which the weak connection acts. Its covariant
transport is

DµΨτ =
[
∂µ + igW a

µ

σa

2 + ig′Bµ
Y

2

]
Ψτ .

Expansion of the doublet fiber term gives the electroweak mixed metric connections

g(weak)
µa ∝ W a

µ , gµY ∝ Bµ.

The corresponding curvatures are

W a
µν = ∂µW

a
ν − ∂νW

a
µ + gϵabcW b

µW
c
ν ,

and
Bµν = ∂µBν − ∂νBµ.

After the Weinberg rotation these fields separate into the electromagnetic transport branch and
the neutral and charged weak branches already described in the electroweak sector. Thus LEW is
the action-level expression of the temporal-doublet fiber metric.

The compact diagonal form above is the separated fiber expression. In the neutral electroweak
plane, the phase-time fiber and rewrite fiber share the same two-sphere realization interface, so the
effective neutral fiber metric is

G
(0)
EW =

(
R2

τ Cϕτ

Cϕτ R2
ϕ

)
.

The effective mixing angle is therefore the metric projection angle of this neutral interface,

θeff = θ
(
G

(0)
EW

)
.

In the flat-fiber limit Cϕτ = 0, this reduces to the tree-level Weinberg projection; with interface
overlap, the neutral projection uses the full metric angle.

The fourth term is the strong phase-time closure fiber. The color phase-time triplet

Φc =

e
iϕ1

eiϕ2

eiϕ3


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obeys the symmetric color-triangle closure condition

eiϕ1 + eiϕ2 + eiϕ3 = 0.

The associated determinant-preserving phase representation is

ϕ1 + ϕ2 + ϕ3 = 0 mod 2π.

Its covariant transport is

DµΦc =
[
∂µ + igsG

a
µTa

]
Φc, Ta = λa

2 .

Expansion of the strong fiber term gives the mixed color connections

g(strong)
µa ∝ Ga

µ,

with non-Abelian curvature

Ga
µν = ∂µG

a
ν − ∂νG

a
µ + gsf

abcGb
µG

c
ν .

The self-coupling term is the metric expression of transporting a closed three-orientation phase-time
system whose connection carries the closure structure itself. The closure-tension part of the strong
sector is the metric cost of preserving the same SU(3) phase-time closure over spatial separation,

Vstrong = κ

∣∣∣∣∣
3∑

i=1
eiϕi

∣∣∣∣∣
2

+
∫ L

0
εcl(s) ds,

with the confinement limit for static color sources∫ L

0
εcl(s) ds toσL.

The corresponding phase-completed closure-cost potential is

u
(ϕ)
conf = Econf (1 − Ξstrong) .

In full QCD with dynamical quarks, the same long-distance linear growth is eventually interrupted
by string breaking through quark-antiquark pair creation.

In this metric-fiber reading, the action terms are the variational expressions of one geometric
structure:

Lgrav paired with g(I)
µν , χ,

LEM paired withU(1) post-rotation phase-fiber projection, Aµ, Fµν ,

LEW paired withSU(2) × U(1)Y pre-rotation temporal-doublet fiber, W a
µ , Bµ,

Lstrong paired withSU(3) three-orientation phase-time closure fiber, Ga
µ, G

a
µν ,Ξstrong, u

(ϕ)
conf ,

Ldiff paired with udiff = mc2(1 − χ).

The unified action is therefore the action-level form of the same base-plus-fiber geometry. The base
metric gives the gravitational and inertial clock-rate structure; the electroweak temporal-doublet
fiber contains the post-rotation electromagnetic phase-time fiber and the weak rewrite structure;
the three-orientation phase-time closure fiber gives the strong interaction; and the complementary
1 − χ projection gives diffusion and osmosis.
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11.3 Cosmic Inflation, Self-Braking, and Dark Energy from the Time Action

The same informational action supplies the cosmological regime. The gravitational contribution is
the capacity action already defined above,

Acap = c3

16πG

∫
d4x

√
−g(I)

(
R[g(I)] − 2Λτ

)
,

with local sources contained in A(I)
src . In a homogeneous cosmological branch, the informational

metric is written as
ds2 = −c2Θτ (t)2dt2 + a(t)2ḡijdx

idxj ,

where Θτ (t) is the homogeneous temporal-writing metric factor. The local load factor χ used in the
inertial and static gravitational sectors remains the normalized surviving temporal-writing fraction
satisfying χ2 + ΛI = 1. The cosmological opening variable is the homogeneous source ratio

Rτ (t) = dt∗ = dIdist
dIdisp

= (kB ln 2)dIdist
dS

.

The cosmological sector uses Rτ as the homogeneous temporal-writing source ratio. The local
dissipative sector uses ηth as the bounded registration efficiency. The metric factor Θτ (t) is the
geometric response of the homogeneous capacity map to this source ratio and to the vacuum-
writing term Λτ (t). This notation keeps the local load variable χ distinct from the cosmological
metric-opening response.

The cosmological field equation is the homogeneous projection of the same tensor equation,

Gµν [g(I)] + Λτ (t)g(I)
µν = 8πG

c4 T (I)
µν .

For an isotropic informational source this gives the Friedmann-type capacity equation

H2 = 8πG
3 ρI + c2

3 Λτ − kc2

a2 ,

where ρI is the homogeneous mass-equivalent information-source density written by the source
sector, defined from the information-energy density εI by

ρI ≡ εI

c2 .

With this definition, the Friedmann source term has the standard mass-density form 8πGρI/3. The
Bianchi identity imposes the exchange law

∇µT (I)
µν = c4

8πG∂νΛτ ,

so the homogeneous temporal-writing term and the ordinary informational source form one con-
served total source.

The cosmological interpretation is then immediate. [189] [190] In the early universe, before the
full differentiated structure of matter had stabilized, symmetry breaking generated a rapid surge
of physically distinct structure. [191] [192] [193] [194] Mass sectors, charge sectors, interaction
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channels, and distinguishable particle content appeared in a short interval while the entropy budget
was still comparatively low. In the notation of the theory,

dIdist strongly increases, dIdisp small

implies
Rτ (t) = dIdist

dIdisp
large.

This is the inflationary regime of the theory: the homogeneous temporal-writing source becomes
large, and the metric opens accordingly through Θτ (t) and Λτ (t). Here metric opening means an
increase in distinguishable configuration-writing capacity, represented geometrically by the effective
metric. Since temporal writing and spatial scale are components of the same informational metric,
a sharp rise in the homogeneous temporal-writing source appears geometrically as rapid metric
opening.

The same mechanism explains why inflation slows. As the universe evolves, entropy grows and the
dispersed informational sector accumulates. The denominator in the ratio defining Rτ therefore
increases, so the homogeneous temporal-writing drive is reduced. In the language of the action, the
growth of thermodynamic load suppresses the same temporal-writing source that initially drove
rapid opening. The expansion is self-braking because the entropic sector catches up with the
informational burst that originally opened the metric.

One may summarize the mechanism in the following sequence:

early symmetry breaking implies dIdist strongly increases, dIdisp small

implies Rτ = dIdist
dIdisp

large

implies rapid metric opening.

followed by
dIdisp increases implies Rτ decreases

implies self-braking of inflation.

The late universe is then understood as the residual tail of the same process. Inflation is no
longer in its violent early regime because the entropic denominator has grown substantially, yet
the homogeneous temporal-writing term need not relax all the way to zero. If a small residual
temporal-writing source remains, or equivalently if the potential leaves a weak effective vacuum
contribution, then the metric continues to open slightly at late times.

This can be written in the standard effective fluid form associated with the homogeneous temporal-
writing sector:

ρτ = κτ

2 Θ̇2
τ + V (Θτ ), pτ = κτ

2 Θ̇2
τ − V (Θτ ).

Whenever the potential term dominates, in the observational dark-energy setting opened by Riess
et al. [195], Perlmutter et al. [196], and the cosmological review tradition of Peebles [197],

V (Θτ ) ≫ κτ

2 Θ̇2
τ ,
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one obtains the effective negative-pressure regime

pτ ≈ −ρτ ,

which is the structure associated with dark energy in the supernova evidence [195] [196] and modern
cosmological interpretation [197]. In the present framework, this is the weak residual continuation
of the same time-load dynamics that opened the metric violently in the early universe and was later
braked by the growth of the dispersed sector.

The result is that inflation, its natural braking, and the present weak accelerated expansion, mea-
sured through supernova evidence [195] [196] and summarized in modern cosmological-parameter
fits [198] [199] [200], arise from one and the same informational structure. In the early universe,
symmetry breaking under low-entropy conditions drives a large homogeneous temporal-writing
source and produces a burst of metric opening. As entropy accumulates, that opening is damped
automatically. What remains at late times is the weak residual tail of the same field, observed
cosmologically as dark energy.
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11.4 Osmosis as the Membrane Limit of Local Capacity Opening

Section 3.8 showed that ordinary diffusion follows when the already identified equality

γth = γI

is applied locally, with the local Lorentz load branch written as

mc2[γ(x) − 1] = ∆µload(x), γ = 1
χ
.

The same construction gives the osmotic case once transport is constrained by a semipermeable
membrane, the classical setting of osmotic pressure [87]. Osmosis is therefore the membrane-limited
expression of the same local time-capacity gradient that appears as diffusion in an unconstrained
medium.

This is why osmosis is naturally read as local capacity opening. A gravitational load reduces
available clock-rate capacity through the configuration projection Uχ = mc2χ, producing the re-
sponse −mc2∇χ. A concentration load reduces available clock-rate capacity through the per-carrier
dissipative projection udiff = mc2(1 − χ), producing the relaxation response +mc2∇χ. Across a
semipermeable membrane, the blocked distinctions maintain a concentration difference, and the
system responds by opening the allowed transport channel until the dispersive-load gradient is re-
laxed. The standard osmotic pressure is therefore the macroscopic pressure form of the same sign
structure that gives Fick transport.

The important point is that this local construction is not separate from the time action used in the
cosmological sector. The capacity action has the schematic form

Sχ =
∫
d4x

√
−g

[
Kχ

2 ∂µχ∂
µχ− V (χ)

]
.

A membrane imposes boundary conditions on the allowed flow of the density field, matching the
thermodynamic membrane-transport formulation of Kedem and Katchalsky [88]. The resulting
concentration gradient opens a local capacity/time-load difference across the boundary. In the
ideal dilute limit this recovers the standard osmotic pressure relation [87]

Π = kBT∆n,

or, in molar form,
Π = cRT.

In UiT language, the membrane selects which distinctions can cross and which remain blocked.
The osmotic pressure is the macroscopic expression of that constrained information-flow gradient.

11.5 Dark Matter as Metric Residue: Realized Time as the Linear Projection
of Phase-Time

The empirical dark-matter background includes cluster dynamics [201], galactic rotation curves
[202] [203] and MOND/radial-acceleration phenomenology [204] [205], halo profiles [206] [207], and
particle-dark-matter reviews [208] [209]. The starting point is the phase-time differential

dtϕ = τ
(ω)
C χe−iϕdϕ,
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where τ (ω)
C is the angular Compton time scale of the relevant mode, χ is the local clock-rate or

time-writing field, and ϕ is the internal phase coordinate.

Using
e−iϕ = cosϕ− i sinϕ,

the linearly recorded component of time is the real projection:

dτ = ℜ(dtϕ) = τ
(ω)
C χ cosϕdϕ.

Thus the realized-time branch is governed by the cosine projection of the deeper phase-time struc-
ture.

The Taylor expansion is

cosϕ = 1 − ϕ2

2! + ϕ4

4! − ϕ6

6! + ϕ8

8! − · · · .

Therefore,

dτ = τ
(ω)
C χ

(
1 − ϕ2

2 + ϕ4

24 − ϕ6

720 + ϕ8

40320 − · · ·
)
dϕ.

This expansion gives the hierarchy of real clock-rate contributions generated by phase-time. The
fourth-order coefficient later compared with the electromagnetic residue is read together with the
fine-structure constant introduced by Sommerfeld [102] and measured in modern constants tables
[103]. Since force in the theory arises from gradients of the clock-rate field,

F = −mc2∇χ,

the Taylor coefficients first define dimensionless clock-rate or metric-load contributions. Dynamical
forces appear when these contributions acquire spatial dependence through the physical distribution
of matter, phase, records, or boundary structure.

11.6 Quadratic Gravity and the Fourth-Order Electromagnetic Residue

The first nontrivial term in the realized-time projection is

−ϕ2

2 .

In the exterior Schwarzschild field, the gravitational clock-rate factor is [54]

χg =
√

1 − rs

r
,

where
rs = 2GM

c2 .

In the weak-field limit,
χg ≃ 1 − 1

2
rs

r
.
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The phase-time projection gives, to second order,

cosϕ ≃ 1 − ϕ2

2 .

Matching the real phase-time projection to the weak-field gravitational clock-rate gives

1 −
ϕ2

g

2 ≃ 1 − 1
2
rs

r
,

and therefore
ϕ2

g ≃ rs

r
.

Thus the second-order real phase-time term reproduces the ordinary Schwarzschild clock-rate load:

−
ϕ2

g

2 = −1
2
rs

r
.

This identifies ordinary gravity with the quadratic loss of realized time-writing capacity in the real
branch of phase-time.

The same clock-rate factor gives the Schwarzschild metric when the temporal and radial components
are written as

gtt = −c2χ2
g, grr = χ−2

g .

Therefore,
ds2 = −c2χ2

gdt
2 + χ−2

g dr2 + r2dΩ2.

With
χ2

g = 1 − rs

r
,

this becomes
ds2 = −c2

(
1 − rs

r

)
dt2 +

(
1 − rs

r

)−1
dr2 + r2dΩ2.

The second-order term therefore anchors the expansion: the real projection of phase-time contains
the standard gravitational clock-rate structure as its quadratic contribution.

After the ordinary gravitational contribution, the next positive real term in the phase-time projec-
tion is

+ϕ4

4! = +ϕ4

24 .

This term has a different role from the second-order gravitational term. The second-order term
identifies the radial gravitational phase load. The fourth-order term gives the first positive residual
contribution in the realized-time branch.

The natural question is therefore: which physically defined phase should enter this fourth-order
real residue?

Within the theory, the relevant phase is the electromagnetic phase fraction of the internal mass
mode. This phase is measured by the fine-structure constant α.
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The use of α is fixed by the internal phase-energy interpretation of charge.

At the Planck scale, the Planck energy is

EP = ℏc
ℓP
.

The electrostatic energy of two elementary charges separated by one Planck length is

Uel(ℓP ) = 1
4πε0

e2

ℓP
.

Using the definition

α = 1
4πε0

e2

ℏc
,

we obtain
Uel(ℓP ) = α

ℏc
ℓP

= αEP .

Therefore,
Uel(ℓP )
EP

= α.

In this formulation, α is the electromagnetic phase-energy fraction of the internal Planck-scale
mass mode. It measures the fraction of the total internal phase-energy that appears through the
electromagnetic sector.

Thus,
ϕEM ∼ α

is not introduced as a numerical choice. It is the theory’s own electromagnetic phase scale.

In informational terms,

α = electromagnetic phase-energy fraction of the internal mass mode.

Equivalently, α measures how much of the internal phase structure of mass is expressed as charge
and electromagnetic phase relation.

Substituting the electromagnetic phase scale into the fourth-order real term gives

χEM,res ∼ ϕ4
EM
24 .

With
ϕEM = α,

this becomes
χEM,res ∼ α4

24 .

Using
α ≃ 1

137 ,
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one obtains
α4

24 = 1
24 · 1374 ≈ 1.18 × 10−10.

This is a dimensionless clock-rate residue. It is a real projection of electromagnetic phase into the
metric/time-writing branch.

The important structural point is that ordinary electromagnetism appears through the phase/gauge
branch, while the residual metric term appears through the realized linear projection of phase-time
into the clock-rate geometry. The same electromagnetic phase therefore has two readings:

phase/gauge projection to ordinary electromagnetism,

and
realized linear projection into clock-rate geometry to residual metric load.

The fourth-order term is the first positive real residue of the electromagnetic phase.

11.7 Effective Dark-Matter Clock-Rate Residue and Structural Significance

The proposed dark-matter-like contribution is therefore written as a residual clock-rate field

χDM(x) = α4

24 F(x),

where F(x) is a dimensionless spatial profile encoding the large-scale distribution of the electromag-
netic metric residue. It encodes the spatial organization of the baryonic matter, electromagnetic
phase structure, record density, boundary conditions, or coherent phase distribution of the system.

The corresponding acceleration follows from the time-gradient law:

aDM = −c2∇χDM.

Therefore,

aDM = −c2α4

24 ∇F(x).

The factor
α4

24
sets the natural dimensionless strength of the dark-matter-like metric residue. The spatial function
F(x) determines how this residue is distributed in a galaxy or gravitational system.

This gives the compact interpretation, anchored to the cluster-dynamics [201] and rotation-curve
[202] [203] evidence:

dark matter is the real metric residue
of electromagnetic phase.

More explicitly,
dark matter is a fourth-order real phase-time projection

of the electromagnetic phase fraction of matter.
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In this reading, the dark component is tied to baryonic matter because the electromagnetic phase
fraction is carried by the charged internal structure of matter. It appears gravitationally because
part of that phase contributes to the real clock-rate geometry.

The effective clock-rate projection can be written schematically as

χeff ≃ 1 − 1
2
rs

r
+ α4

24 F(r) + · · · .

The second term is the ordinary gravitational clock-rate load:

χg ≃ 1 − 1
2
rs

r
.

The third term is the proposed electromagnetic residual load:

χDM ≃ α4

24 F(r).

The total acceleration is generated by

a = −c2∇χeff .

Thus,
a = ag + aDM + · · · ,

with
ag = −c2∇

(
−1

2
rs

r

)
,

and
aDM = −c2∇

(
α4

24 F(r)
)
.

This keeps the distinction clear: the Taylor term gives a dimensionless time-load scale; the physical
acceleration is obtained only after applying the spatial gradient.

The appearance of the scale
α4

24 ≈ 1.18 × 10−10

follows from three internal elements of the theory.

First, realized time is the real projection of phase-time:

dτ = τ
(ω)
C χ cosϕdϕ.

Second, the second-order term of the same projection reproduces ordinary gravitational clock-rate
structure:

−
ϕ2

g

2 = −1
2
rs

r
.
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Third, the electromagnetic phase scale is independently fixed by the Planck-scale phase-energy
ratio:

Uel(ℓP )
EP

= α.

The fourth-order real term therefore gives
ϕ4

EM
24 = α4

24 .

This is a structurally determined residual scale. It arises from the overlap of realized time, electro-
magnetic phase, and metric clock-rate geometry.

The proposed physical reading is therefore:

ordinary gravity is the second-order real time-load of radial mass phase,

dark matter is the fourth-order real time-load residue of electromagnetic phase.

The phase-time expansion naturally separates the ordinary gravitational contribution from a pos-
sible dark-matter-like residual contribution.

The second-order real term,

−ϕ2

2 ,

reproduces the weak-field Schwarzschild clock-rate load when

ϕ2
g = rs

r
.

This identifies ordinary gravity as the quadratic real-time loss generated by radial mass phase.

The next positive real term,

+ϕ4

24 ,

receives a natural electromagnetic interpretation when the phase is taken to be the fine-structure
phase fraction

ϕEM = α.

Since
Uel(ℓP )
EP

= α,

α is the electromagnetic phase-energy fraction of the internal mass mode. Substitution gives

χDM ∼ α4

24 ≈ 1.18 × 10−10.

This quantity is a dimensionless residual clock-rate load. With a spatial distribution F(x), it
produces an additional acceleration through

aDM = −c2∇
[
α4

24 F(x)
]
.

Thus the dark-matter-like sector appears as the gravitational shadow of electromagnetism: the real
metric residue of electromagnetic phase inside the linear projection of phase-time.
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12 Empirical Test: Driven Coherent Transport Above the Critical
Temperature

This section states the coherent-transport prediction in operational form. It begins from the phase-
ordered registration law, derives the complex transport field, separates dissipative power from
coherent phase response, and then maps the criterion onto optical, thermal-gradient, pressure,
phonon, and isotope-tuned experiments.

12.1 General Registration Law for Coherent Transport

Coherent transport is a registration process in which phase-ordered potential information is written
into a collective transport state while a dispersed thermodynamic cost is produced. The governing
registration law is

−dIpot(ϕ) = dIcoh
dist + dS

kB ln 2 .

Here dIcoh
dist is the distinguishable coherent writing of the collective transport state, and dS/(kB ln 2)

is the dispersed thermodynamic cost in entropy bits, using the standard thermodynamic and
physical-bit relation between entropy and information [27,34]. The corresponding transport regis-
tration ratio is

χtr = dIcoh
dist

dS/(kB ln 2) .

Combining the conservation law with this ratio gives the explicit split of each phase-ordered po-
tential increment:

dIcoh
dist = −χtr

1 + χtr
dIpot(ϕ),

and

dS

kB ln 2 = −1
1 + χtr

dIpot(ϕ).

Thus χtr measures the coherent registration channel relative to entropy-producing dispersion. The
fractions of the consumed phase-ordered potential increment are

dIcoh
dist

−dIpot(ϕ) = χtr
1 + χtr

,

and

dS/(kB ln 2)
−dIpot(ϕ) = 1

1 + χtr
.

177



These relations provide the source equation for the rest of the section. Optical conductivity, Joseph-
son plasma response, Nernst transport, pressure tuning, phonon driving, and isotope substitution
are different experimental readings of the same split between coherent distinguishable writing and
dispersed entropy production.

12.2 Empirical Transport Arena and Complex Force Projections

Superconducting transport provides a direct empirical arena for separating real dissipative power
from coherent phase response: BCS pairing supplies the equilibrium reference [212], Josephson
physics supplies the phase-sensitive channel [213], standard superconductivity phenomenology fixes
the transport language [214], and driven materials provide the nonequilibrium [245] empirical arena
[215]. The UiT test signature is a high coherent-to-dissipative response: coherent phase transport
increases while dissipative spectral weight remains suppressed.

Using the complex-force decomposition derived in the coherent electromagnetic branch, the same
informational force law yields a direct transport criterion for superconducting and coherent trans-
port, compared below with BCS theory [212]. The transport field is the local coherent registration
ratio. Throughout the transport equations we write χ ≡ χtr. In structurally tuned systems the
same ratio is denoted χconf to emphasize that pressure and lattice configuration tune the coherent
registration channel.

The phase-completed transport field is

Ξ(x) = χ(x)e−iϕ(x).

The transport potential is

Uϕ(x) = mc2Ξ(x),

and the corresponding complex force is

Fϕ = −mc2∇Ξ = −mc2e−iϕ∇χ+ imc2χe−iϕ∇ϕ.

The first gradient, ∇χ, is the realized clock-rate or mismatch-gradient channel. The second gradient,
∇ϕ, is the coherent phase-transport channel. Transport therefore depends on the full complex
projection combining the clock-rate gradient and the coherent phase-gradient channel.

Using

e−iϕ = cosϕ− i sinϕ,

the force expands as

Fϕ = −mc2(cosϕ− i sinϕ)∇χ+ imc2χ(cosϕ− i sinϕ)∇ϕ.
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Term by term this gives

Fϕ = −mc2 cosϕ∇χ+ imc2 sinϕ∇χ+ imc2χ cosϕ∇ϕ+mc2χ sinϕ∇ϕ.

Thus the real and imaginary projections are

ℜ(Fϕ) = −mc2 cosϕ∇χ+mc2χ sinϕ∇ϕ

and

ℑ(Fϕ) = mc2 sinϕ∇χ+mc2χ cosϕ∇ϕ .

This is the projected transport form. The real–imaginary separation is the Euler separation of the
transported phase-time factor. Since

e−iϕ = cosϕ− i sinϕ,

the complex force has two orthogonal projections. The real projection is the work-producing chan-
nel measured as dissipative transport. The imaginary projection is the reactive phase-orthogonal
channel measured as inductive or stiffness-like response [214]. In electromagnetic language, the
phase branch supplies the local U(1) transport structure and the corresponding connection; in
transport language, it supplies the channel through which a phase-ordered current can persist.

12.3 Dissipative Projection and Effective Resistance

Let q be the charge of the phase-coupled carrier and let J be the macroscopic current density, as in
standard transport descriptions of superconductors [214]. The real projection defines an effective
dissipative electric field,

Ediss ≡ 1
q

ℜ(Fϕ).

The local dissipative power density is then

D ≡ J · Ediss = 1
q

J · ℜ(Fϕ).

For carrier density n and drift velocity v, J = nqv, so equivalently

D = nv · ℜ(Fϕ).

The corresponding local Euler-projection ratio is
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ηEuler(x, t) := |J · ℑ(Fϕ)|
|J · ℜ(Fϕ)| + ϵ

.

This ratio measures the reactive phase-orthogonal channel relative to the work-producing dissipative
channel. The optical diagnostic introduced below, ηcoh = Scoh/Sdiss, is the experimentally accessible
spectral version of this local Euler projection ratio.

Substituting the real projection gives

D = nmc2 v · (− cosϕ∇χ+ χ sinϕ∇ϕ) .

This expression is the transport criterion. Resistance is the macroscopic manifestation of a positive
real projected power,

D > 0.

For a uniform one-dimensional sample, an effective resistivity may be defined directly from the
same projection,

ρeff = J · Ediss
|J|2

= J · ℜ(Fϕ)
q|J|2

,

and hence R = ρeffL/A for length L and cross-sectional area A. This recovers the ordinary circuit
meaning of resistance as real power loss per current squared, while identifying the microscopic
origin of that loss with the real projection of the complex phase-time force.

12.4 Criterion for Coherent Dissipationless Transport

The criterion for dissipationless transport, compared with phase-coherent superconducting trans-
port [212], is

D = J · Ediss = 1
q

J · ℜ(Fϕ) ≈ 0

with nonzero current and nontrivial phase transport,

J ̸= 0, ℑ(Fϕ) ̸= 0.

Equivalently,

v · (− cosϕ∇χ+ χ sinϕ∇ϕ) ≈ 0

while the coherent phase projection remains active,
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mc2 sinϕ∇χ+mc2χ cosϕ∇ϕ ̸= 0.

Thus dissipationless transport requires the vanishing of the real power projection along the cur-
rent. A nonzero phase-gradient channel can persist as a coherent reactive channel while the real
dissipative projection averages to zero or becomes orthogonal to the macroscopic current.

This supplies the central superconducting interpretation of the complex force law:

resistive transport: J · ℜ(Fϕ) > 0

coherent dissipationless transport: J · ℜ(Fϕ) = 0, ℑ(Fϕ) ̸= 0.

The phase channel then carries transport without ordinary Ohmic heating, as in the supercon-
ducting distinction between dissipative and reactive response [214]. Superconducting behavior is
the phase-dominated transport limit of the same complex force law that also contains the realized
clock-rate branch.

12.5 Cooper-Pair Phase-Time Closure and the Vanishing Real Projection

The coherent carrier of superconducting transport is the Cooper-pair condensate. In the present
notation, a Cooper pair is a shared phase-time closure of two closed spherical electron phase-time
carriers. The single-electron closed spherical phase-time carrier supplies mass, charge, spinorial
closure, and internal phase. Pairing forms a collective state in which the two electron carriers share
one macroscopic phase variable while their momenta and spins close into a coherent pair channel,
as in the standard BCS condensate description [212,214]. The pair field is written as

ΨCP = |ΨCP|eiΘ,

with collective pair phase

Θ = ϕ1 + ϕ2,

and pair charge

qpair = −2e.

The pair therefore carries a collective phase-time transport field,

ΞCP = χCPe
−iΘ,

where
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χCP = dIcoh,CP
dist

dS/(kB ln 2) .

The pair registration law is the Cooper-pair version of the transport source equation,

−dIpair
pot (Θ) = dIcoh,CP

dist + dS

kB ln 2 .

The electromagnetic coupling of the pair is governed by the gauge-covariant phase differential

DΘ = dΘ − qpair
ℏ
A.

In spatial form this gives the familiar phase-gauge combination

ΠΘ = ∇Θ − qpair
ℏ

A.

The supercurrent is therefore

Js = nsqpair
mpair

(ℏ∇Θ − qpairA) ,

where ns is the coherent pair density and mpair is the effective pair mass. The Meissner–London
condition is the bulk phase-time closure condition

DΘ ≈ 0,

or spatially,

∇Θ ≈ qpair
ℏ

A.

This condition states that the condensate adjusts its collective phase so that the gauge-covariant
phase strain remains cancelled in the coherent bulk. Taking the curl gives the London-Meissner
response [210,211,214],

∇ × Js = −
nsq

2
pair

mpair
B,

and hence

∇2B = 1
λ2

L

B,

with London penetration length
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λ2
L = mpair

µ0nsq2
pair

.

In the force notation of this section, the Cooper-pair dissipative projection is

DCP = 1
qpair

Js · ℜ
[
−ECP∇(χCPe

−iΘ)
]
.

The superconducting branch satisfies

DCP → 0

while the phase projection remains active,

ℑ
[
−ECP∇(χCPe

−iΘ)
]

̸= 0.

In the ideal phase-branch limit,

cos Θ → 0,

so that

ℜ(ΞCP) = χCP cos Θ → 0,

and

|ℑ(ΞCP)| = χCP| sin Θ| → χCP.

This is the phase-time representation of superconducting transport. The pair current occupies the
coherent phase branch, while the real work-producing projection along the current vanishes. The
Meissner effect is the gauge expression of the same condition: the condensate creates a current
whose phase response cancels the internal covariant phase strain produced by the external vector
potential.

The analogy with free fall is structural. In the gravitational case, a body in free fall develops a
Lorentz time-space response that matches the local gravitational time factor, χv = χg, producing
local force cancellation. In the superconducting case, the condensate develops a phase current that
matches the electromagnetic gauge connection,

∇Θ ≈ qpair
ℏ

A,
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producing bulk covariant phase cancellation. In both cases, a field distortion is absorbed into an
internal kinematic or phase response, and the coherent branch carries the resulting motion without
local dissipative work.

This subsection supplies the physical carrier behind the criteria that follow. Optical conductivity,
resonant driving, chemical-potential gradients, Nernst response, pressure tuning, phonon driving,
and isotope substitution are operational probes of how the Cooper-pair phase-time channel increases
dIcoh,CP

dist relative to dS/(kB ln 2).

12.6 Driven Coherent Transport Above the Equilibrium Critical Temperature

The same criterion gives a direct nonequilibrium prediction. A coherent external drive changes the
effective fields,

χmaps toχdriven(x, t), ϕmaps toϕdriven(x, t),

and therefore changes the real and imaginary force projections. The driven dissipative power density
is

Ddriven = nmc2 v · (− cosϕdriven ∇χdriven + χdriven sinϕdriven ∇ϕdriven) .

A drive that couples primarily to the coherent phase sector can reduce the real projected power
while preserving or increasing the imaginary phase response. The predicted transient transport
regime is therefore

Ddriven to 0, ℑ(Fϕ,driven) ̸= 0, J ̸= 0.

This is the mathematical form of driven coherent transport above the equilibrium critical tem-
perature, a regime explored in light-induced superconducting-like experiments [216]. The drive
supplies energy, and the relevant question is the projection of that energy in the complex force
plane. Energy placed into a coherent phase channel can enhance the reactive response with lim-
ited growth of the real dissipative projection. Dynamically, the cancellation condition requires
phase locking or resonant entrainment between the driven coherent mode and the phase-gradient
channel along the current direction, consistent with resonant pump-frequency effects reported in
driven cuprates [217]. In a material system this locking may be supplied by a resonantly driven
phonon, Josephson plasma mode, charge-order mode, or another collective coordinate that couples
selectively to ∇ϕ while keeping the thermal load ∇χ small.

If the driven state is maintained by continuously correcting thermally generated mismatch events,
the pump must still pay a stabilization cost. By Landauer’s principle, the minimal energy per
corrected bit is kBT ln 2. If Ṅcorr is the correction rate, then

Ppump ≥ kBT ln 2 Ṅcorr.
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If the correction rate is written in terms of an effective thermal scattering or decoherence rate Γth,
then

Ppump ≳ NeffkBT ln 2 Γth,

where Neff is the effective number of thermally corrected informational degrees of freedom par-
ticipating in the driven coherent transport process. The coherent regime is therefore constrained
by both the phase-projection condition and the thermodynamic cost of maintaining that condition
against thermal mismatch.

12.7 Minimal Driven-Phase Toy Model

The preceding criterion can be made more explicit by separating a coherent resonant drive from
ordinary heating, as in nonlinear lattice-dynamics interpretations of driven superconductivity [218].
The purpose of this subsection is to state the smallest mathematical model required to connect the
complex-force criterion to pump-probe experiments. The essential physical ingredient is resonant
phase locking: the pump must entrain a collective mode that modifies the phase-gradient projection
along the current more efficiently than it increases the ordinary dissipative clock-load projection.

Let the equilibrium fields be χ0(x) and ϕ0(x). A pump pulse produces perturbations

χdriven = χ0 + δχth + δχcoh, ϕdriven = ϕ0 + δϕcoh + δϕth.

Here δχth denotes the ordinary thermal or scattering load produced by absorption and decoherence,
while δϕcoh denotes the coherent phase-ordering response produced when the drive is resonant with
a lattice, charge-order, Josephson-plasma, or other phase-selective mode. A nonresonant thermal
drive is characterized schematically by

|∇δχth| ≳ |χ0∇δϕcoh|,

whereas a phase-selective coherent drive is characterized by

|χ0∇δϕcoh| ≫ |∇δχth|.

The real dissipative projection along the direction of the macroscopic current Ĵ = J/|J| is

Ĵ · ℜ(Fϕ) = mc2Ĵ · (− cosϕ∇χ+ χ sinϕ∇ϕ) .

Thus the minimal cancellation condition for coherent transport is

Ĵ · χ sinϕ∇ϕ ≈ Ĵ · cosϕ∇χ.

This condition gives a dimensionless threshold parameter,
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Θcoh =

∣∣∣Ĵ · χ sinϕ∇ϕ
∣∣∣∣∣∣Ĵ · cosϕ∇χ

∣∣∣+ θ0
,

where θ0 is a small regularizing scale set by experimental resolution or by the residual background
load. The transport regimes are then

Θcoh < 1 implies dissipative transport,

Θcoh = 1 implies near-cancellation of the real power projection,

and

Θcoh > 1 implies phase-dominated reactive response.

The observable optical diagnostic introduced below is the experimental proxy for this threshold.
In a phase-selective driven state one expects

Θcoh ≳ 1 implies ηcoh ≫ 1,

because the real dissipative projection is suppressed while the imaginary or inductive response
remains large. A thermal broadband drive increases ∇χ, broadens scattering, raises σ1, and gives a
much smaller ηcoh. The toy model therefore supplies a direct order-of-magnitude test: the relevant
experimental question is the size of the pump-induced phase-gradient correction relative to the
thermal time-load gradient along the transport direction.

12.8 Microscopic Phonon Closure of the Driven-Phase Criterion

The toy model becomes directly testable once the coherent drive is tied to the microscopic collective
coordinates of the material. Let Qλ(t) denote a phonon or molecular vibrational coordinate, with λ
labeling branch, wave vector, polarization, and symmetry. In frequency space the driven coordinate
is written as

Qλ(ω) = Dλ(ω)fλ(ω),

with the damped mode response

Dλ(ω) = 1
Ω2

λ − ω2 − iΓλω
.

Here Ωλ is the eigenfrequency of the driven mode, Γλ is its damping rate, and fλ(ω) is the optical
driving force. For an infrared-active phonon, fλ is set by the Born effective charge and the pump
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electric field. For Raman-active or nonlinear phonon processes, fλ is set by the corresponding
Raman or nonlinear lattice force. This is the microscopic material coordinate behind the phase-
locking language used above: the pump drives a selected lattice or molecular mode, and that mode
changes the local writing-capacity geometry experienced by the transport carriers.

To first order in the driven coordinate, the material response can be written as

δχ(x, ω) =
∑

λ

a(λ)
χ (x)Qλ(ω) +O(Q2),

δϕ(x, ω) =
∑

λ

a
(λ)
ϕ (x)Qλ(ω) +O(Q2).

The coefficient a(λ)
χ measures how strongly the driven mode increases the dissipative load channel:

absorption, scattering, quasiparticle production, thermal mismatch, or entropy production. The
coefficient a(λ)

ϕ measures how strongly the same mode increases the coherent phase channel: phase
alignment, interlayer tunneling, Josephson coupling, orbital overlap, or phase stiffness. In this
language a driven lattice coordinate is a material update of the local informational capacity map. It
changes the electronic geometry and transport couplings through deformation potentials, electron–
phonon coupling, Born effective charges, Raman tensors, and Josephson or interlayer tunneling
terms. In UiT notation these material changes appear as mode-dependent corrections to χ and ϕ.

The corresponding corrections to the gradients entering the real projection are

δ(∇χ) =
∑

λ

∇
[
a(λ)

χ (x)Qλ(ω)
]

+O(Q2),

δ(∇ϕ) =
∑

λ

∇
[
a

(λ)
ϕ (x)Qλ(ω)

]
+O(Q2).

Substitution into the real force projection gives the driven correction along the current direction:

δ
[
Ĵ · ℜ(Fϕ)

]
= mc2Ĵ · (− cosϕ δ(∇χ) + χ sinϕ δ(∇ϕ)) .

This equation supplies the microscopic closure of the criterion stated above. The selected pump is
the frequency that gives the largest coherent phase-writing response relative to the added dissipa-
tive load. Equivalently, the optimal pump maximizes conversion into the Euler-orthogonal phase
channel: it increases inductive or stiffness-like response more strongly than absorptive response. A
useful frequency-domain diagnostic is therefore

ηph(ω) =

∣∣∣χ sinϕ
∑

λ Ĵ · ∇
[
a

(λ)
ϕ Qλ(ω)

]∣∣∣∣∣∣cosϕ
∑

λ Ĵ · ∇
[
a

(λ)
χ Qλ(ω)

]∣∣∣+ Λheat(ω) + Λqp(ω) + ϵ
,

where Λheat collects ordinary heating and broadband absorptive load and Λqp collects quasiparticle-
generating or pair-breaking load. These two quantities are not bare scattering rates. They are
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effective projected load terms expressed in the same units as the current-projected gradient terms
in the denominator. If the experimentally extracted inputs are rates, for example Γheat or Γqp, they
must first be converted into projected load gradients by the appropriate material conversion scale,
such as an effective transport length, group velocity, or calibrated response coefficient. Equivalently
one may write Λheat = CheatΓheat and Λqp = CqpΓqp, with Cheat and Cqp carrying the units needed
to match the gradient terms. The small quantity ϵ is an experimental regularizer in the same
projected-load units. The predicted pump frequency is

ωopt = arg max
ω

ηph(ω).

The prediction is mode-selective. A useful driven mode increases a(λ)
ϕ Qλ along the transport direc-

tion while keeping the load terms small over the measured time window. In optical language the
same condition appears as increased reactive spectral weight, enhanced σ2, or superfluid-stiffness-
like response with limited added σ1 absorption. The optimum is the resonance at which ∆σ2,
or superfluid-stiffness-like spectral weight, is maximized relative to positive added ∆σ1. Reso-
nant pump-frequency effects in driven cuprates and fullerides therefore become a quantitative test
of phase-selective lattice coupling with limited broadband dissipative absorption [219] [218] [217]
[220] [221].

In UiT language, the experimentally relevant phonon is the mode that converts pump energy most
efficiently into coherent phase-writing capacity before that energy is dispersed into entropy. This
microscopic closure connects the abstract threshold Θcoh to measurable pump frequency, phonon
linewidth, optical conductivity [222], and transient phase stiffness.

12.9 Observable Optical and Transport Signatures

The preceding criterion can be compared directly with optical and THz experiments, the same ex-
perimental language used to identify transient coherent transport signatures [219]. In a conventional
optical-conductivity notation,

σ(ω, t) = σ1(ω, t) + iσ2(ω, t),

σ1 measures the dissipative absorptive response, while σ2 measures the reactive inductive response.
This is the experimental optical reading of the same Euler projection used in the complex force:
σ1 is the empirical proxy for the real dissipative projection, and σ2 is the empirical proxy for the
coherent phase-orthogonal projection. In compact form,

σ1 + iσ2 paired with ℜ(Fϕ) + iℑ(Fϕ).

This coherence criterion predicts that a coherent phase-selective drive should produce a large gain
in reactive spectral weight relative to dissipative spectral weight. A simple local diagnostic is

Rcoh(ω, t) = |∆σ2(ω, t)|
|∆σ1(ω, t)| + ϵ0

,
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where ϵ0 is a small regularizing scale set by the experimental noise floor. A more integrated
diagnostic is

ηcoh(t) = Scoh(t)
Sdiss(t)

,

with

Scoh(t) = lim
ω to 0

ω∆σ2(ω, t),

and

Sdiss(t) =
∫ ω2

ω1
[∆σ1(ω, t)]+ dω.

Here [x]+ = max(x, 0) counts added dissipative spectral weight in the measured window. The
predicted signature of phase-selective coherent transport is

ηcoh ≫ 1

near a resonant coherent drive, together with the appearance of Josephson-plasma-like response,
plasma-edge formation, enhanced inductive response, or transient low-frequency divergence of σ2.
A primarily thermal or nonresonant drive gives a much smaller ratio,

ηcoh = 1 or ηcoh < 1,

because the injected energy appears mainly as added absorption and scattering.

12.10 Integral Spectral-Weight Test of Coherent Transport

The preceding subsection identified the optical signatures. This subsection turns the same signa-
tures into an integral spectral-weight protocol. The optical conductivity [222] data provide a direct
integral spectral-weight test [223] [224] of the coherent-transport criterion. The measured transient
conductivity is written as

σ(ω, t) = σ1(ω, t) + iσ2(ω, t),

where the absorptive component in the Mattis–Bardeen optical-response tradition [225] σ1 measures
real dissipative spectral weight and the reactive component σ2 measures inductive phase response.
The UiT criterion can therefore be evaluated by comparing the coherent low-frequency spectral
weight to the added dissipative spectral weight over the same transient window.

Define
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ηcoh(t) = Scoh(t)
Sdiss(t)

,

with

Scoh(t) = lim
ω→0

ω∆σ2(ω, t),

and

Sdiss(t) =
∫ ω2

ω1
[∆σ1(ω, t)]+ dω.

Here

[x]+ = max(x, 0)

counts added dissipative spectral weight. This positive-part prescription implements the physical
distinction used throughout the transport section: entropy-producing absorption and scattering
contribute to the dissipative denominator, and depletion of low-frequency σ1 inside a transient gap
contributes to the coherent reorganization of spectral weight. The superconducting test is therefore
an Euler-projection test: a successful drive transfers spectral weight from the real dissipative pro-
jection into the phase-orthogonal reactive projection. Experimentally this appears as suppressed
or limited ∆σ1, enhanced ∆σ2, and, in the strongest case, magnetic-field expulsion.

The same condition can be written directly in the force language. A phase-selective coherent
transport state satisfies

D = J · Ediss → 0, ℑ(Fϕ) ̸= 0.

The spectral integral is the experimental version of this statement. The numerator Scoh measures
the inductive or superfluid-stiffness-like response associated with the imaginary/reactive channel,
while the denominator Sdiss measures the added real absorptive load associated with the dissipative
projection. A driven coherent state is therefore characterized by

Scoh ≫ Sdiss, ηcoh ≫ 1.

This formulation gives a quantitative protocol for existing pump-probe data. In optically driven
K3C60, Mitrano et al. reported a nonequilibrium optical state above the equilibrium transition
temperature with a gap-like suppression in σ1 and a low-frequency inductive response in σ2 resem-
bling superconducting optical behavior. [220] In the present notation this corresponds to a large
Scoh and a small positive added Sdiss over the measured low-frequency window, giving

ηcoh ≫ 1.
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The same integral criterion also applies to pump-frequency scans in cuprates. In YBa2Cu3O6.5,
resonant excitation of apical-oxygen modes in the far infrared produces a strong transient coherent
response, and pump-frequency dependence identifies the modes that most efficiently generate the
superconducting-like optical signature. [219] [218] [217] Within the present framework the selected
frequency is the one that maximizes coherent phase writing relative to dissipative load,

ωopt = arg max
ω

ηph(ω),

and the optical integral test is

ηcoh(ωpump, t) = limω→0 ω∆σ2(ω, t)∫ ω2
ω1

[∆σ1(ω, t)]+ dω
.

A pump that addresses the coherent phase channel gives a large numerator and a small positive
dissipative denominator. A pump dominated by absorptive load gives a small coherent numerator
and a larger dissipative denominator. Thus the measured frequency dependence of ηcoh supplies a
direct empirical map of phase-selective coherent transport.

The existing data therefore already contain the principal ingredients needed for this test: the induc-
tive spectral weight is extracted from ωσ2, and the added dissipative spectral weight is extracted
from the positive part of ∆σ1. Applying the same integral prescription uniformly to digitized or raw
transient spectra would turn the UiT coherent-transport criterion into a quantitative comparison
across fullerides, cuprates, and other driven superconducting-like systems.

12.11 Thermodynamic Phase Driving: Chemical Potential, Phase-Time, and
Coherent Registration

The coherent transport criterion developed above separates transport into a dissipative real pro-
jection and a coherent phase projection. This separation can be written experimentally through
optical conductivity, and its thermodynamic source is more general. Temperature gradients, pres-
sure, strain, gating, and phonon driving all act by changing the thermodynamic landscape in which
phase-time evolves.

The central thermodynamic variable is the chemical potential. For a material degree of freedom,
the local differential form may be written in the standard thermodynamic notation [31,34] as

dµ = −s dT + v dP +
∑

a

Xa dλa.

Here s is the entropy per relevant carrier or collective excitation, v is the conjugate volume, and
λa denotes additional controllable material coordinates such as strain, lattice distortion, carrier
density, phonon displacement, orbital configuration, or interface geometry.

Taking a spatial gradient gives

191



∇µ = −s∇T + v∇P +
∑

a

Xa∇λa.

This equation gives the common thermodynamic source for several experimental regimes. A tem-
perature gradient contributes through −s∇T . Pressure contributes through v∇P . A driven phonon
or structural distortion contributes through Xa∇λa. Each term changes the local chemical-potential
landscape.

The chemical potential controls phase evolution through the gauge-invariant phase equation, the
same phase-voltage structure used in Josephson superconducting dynamics [213,214],

ℏ∂tθ + µ+ qΦ = 0.

Equivalently,

∂tθ = −µ+ qΦ
ℏ

.

Thus a change in chemical potential produces a change in the local phase-writing rate. Taking a
gradient,

ℏ∇∂tθ + ∇µ+ q∇Φ = 0.

Using

E = −∇Φ − ∂tA,

the electric response is tied to the combined evolution of chemical potential, electromagnetic phase
transport, and gauge potential.

In UiT this phase evolution is embedded in phase-time. The local phase-time increment is

dtϕ = τ
(ω)
C χe−iϕdϕ,

with realized linear projection

dτ = τ
(ω)
C χ cosϕdϕ.

The registration efficiency is

χ = dIcoh
dist

dS/(kB ln 2) .
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The chemical potential therefore acts as a thermodynamic handle on phase-time registration. It
changes the rate and orientation with which coherent phase information can become distinguishable
physical transport.

The same statement can be written as the sequence

dµ to d(∂tθ) to dϕ to dtϕ to dIcoh
dist.

When the thermodynamic drive feeds the coherent phase channel, the response is governed by the
imaginary or reactive projection of the phase-time force. When the drive feeds incoherent scattering
or heating, the response appears in the dissipative real projection.

The phase-time force is

Fϕ = −mc2∇(χe−iϕ).

Its real and imaginary projections are

ℜ(Fϕ) = −mc2 cosϕ∇χ+mc2χ sinϕ∇ϕ,

and

ℑ(Fϕ) = mc2 sinϕ∇χ+mc2χ cosϕ∇ϕ.

The dissipative power is

D = 1
q

J · ℜ(Fϕ).

Coherent transport is favored when

D to 0, J ̸= 0, ℑ(Fϕ) ̸= 0.

This condition is the common UiT reading of several experimental situations.

For thermal-gradient experiments, such as the Nernst regime,

∇T to ∇µ to ∇∂tθ to transverse electromagnetic phase response.

For pressure-tuned superconductors,

P toµ(P ) to θ(P ) toχconf(P ) toTc.

193



For driven phonon systems,

Qλ(ω) toµ[Qλ] toϕλ to ηcoh.

The same thermodynamic phase equation therefore organizes Nernst transport, pressure-enhanced
superconductivity, isotope tuning, phonon driving, and coherent optical response. These are dif-
ferent experimental handles on one phase-time registration channel.

The informational registration law remains

−dIpot(ϕ) = dIcoh
dist + dS

kB ln 2 .

The thermodynamic drive determines how much of the available phase-ordered potential informa-
tion enters the coherent distinguishable channel and how much appears as dispersed entropy. In
this notation, the coherent-registration ratio is

ηcoh = Scoh
Sdiss

,

where the experimental proxy for Scoh depends on the measurement: optical σ2, Josephson plasma
weight, phase stiffness, Nernst phase signal, or pressure-enhanced coherent pairing. The dissipative
denominator is supplied by σ1, relaxation rate, incoherent broadening, vortex drag, or structural
disorder.

This subsection establishes the shared notation for the two regimes developed below. The Nernst
effect is the thermal-gradient branch, where −s∇T drives phase motion through ∇µ. Pressure
and phonon tuning are the structural branch, where v∇P and Xa∇λa tune the same phase-time
registration channel through the material configuration capacity.

12.12 Nernst Response as Thermal Phase-Time Registration

The thermodynamic phase-driving equation gives a direct route to the Nernst regime, whose su-
perconducting and quasiparticle contributions are widely used as probes of phase fluctuations and
entropy transport [233, 234]. A thermal gradient contributes to the chemical-potential landscape
through

∇µ = −s∇T

when the pressure and structural coordinates are held fixed. The gauge-invariant phase equation

ℏ∂tθ + µ+ qΦ = 0

then converts this thermal chemical-potential gradient into a phase-evolution gradient:
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ℏ∇∂tθ + ∇µ+ q∇Φ = 0.

Using

E = −∇Φ − ∂tA,

the electromagnetic response is determined by the coupled chemical-potential gradient, phase evo-
lution, and gauge field. In a Nernst geometry, a temperature gradient is applied along one direction,
a magnetic field is applied transverse to the plane, and the measured electric field is transverse to
both. The magnetic field converts phase motion into a transverse electromagnetic response.

For phase objects such as vortices or short-lived Cooper-pair correlations, the transverse electric
field may be written schematically as in vortex and superconducting-fluctuation readings of the
Nernst response [235,236],

E = −vphase × B.

If the thermal force on the phase object is

FT = −Sphase∇T,

and the dissipative drag is

ηdissvphase = FT ,

then

vphase = −Sphase
ηdiss

∇T,

and therefore

E = Sphase
ηdiss

∇T × B.

The Nernst coefficient is then

ν = Ey

Bz(−∇xT ) ∼ Sphase
ηdiss

.

This is the thermal-gradient reading of the same coherent-registration structure. Optical conduc-
tivity measures the coherent phase channel through σ2 and the dissipative channel through σ1. The
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Nernst branch is not an optical σ2/σ1 test. It is the thermal-gradient version of the same phase-
time registration structure, with the coherent phase object carrying entropy transversely under a
magnetic field. The Nernst response therefore measures entropy carried by phase objects divided by
the dissipative drag that relaxes their motion. The experimental signal is a phase-electromagnetic
response of entropy-carrying coherent objects above the temperature where global zero-resistance
transport is stabilized.

In UiT notation, the Nernst regime probes partial phase-time registration:

−dIpot(ϕ) to dIphase
dist + dScarried

kB ln 2 .

The superconducting fluctuation or vortex-like object carries entropy through a phase-ordered chan-
nel. The transverse electromagnetic field records the motion of that channel under the combined
action of ∇T , ∇µ, and B. This is the empirical structure reported, for example, in above-Tc

Nernst measurements of K3C60 [237]. The Nernst branch is therefore the thermal-gradient branch
of the general phase-driving equation, while the pressure and phonon branch below is the structural
branch of the same equation.

12.13 Pressure, Phonon Phase-Time, and Isotope Tuning of Coherent Regis-
tration

The optical conductivity criterion developed above separates charge transport into a dissipative
real channel and a coherent phase channel. The same distinction also applies to superconductivity
generated or enhanced by structural tuning. In this case the external control parameter is the
configuration-writing capacity of the material itself.

The basic informational registration law is

−dIpot(ϕ) = dIcoh
dist + dS

kB ln 2 .

The corresponding registration efficiency is

χ = dIcoh
dist

dS/(kB ln 2) .

In the transport setting, dIcoh
dist represents coherent distinguishable writing of a collective electronic

state, while dS/(kB ln 2) represents the dispersed thermodynamic cost associated with incoherent
scattering, structural disorder, and absorption into non-coherent degrees of freedom.

The coherent transport condition can therefore be written as

ηcoh = Scoh
Sdiss

≫ 1.

For optical conductivity,
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Scoh = lim
ω→0

ω∆σ2(ω, t),

and

Sdiss =
∫ ω2

ω1
[∆σ1(ω, t)]+ dω.

In pressure-driven superconductors, the same ratio is expressed through structural and phononic
quantities. Pressure changes the accessible configuration-writing capacity of the lattice. Phonons
provide the phase-time oscillatory channel through which this capacity is written coherently into
the electronic state, as illustrated by high-pressure hydride superconductors and their structural
phases [239–241].

A minimal UiT proxy for the coherent-registration efficiency is

ηUiT(P,M) ∼ ωph(P,M)λ(P )
Γdiss(P ) + Γstruct(P ) .

Here P is pressure, M is the isotope mass, ωph is the relevant phonon frequency, λ is the electron-
phonon coupling strength, and the denominator represents dissipative and structural broadening
channels.

This expression is the pressure-phonon analogue of the optical criterion. The numerator measures
the strength of coherent phase writing. The denominator measures the dispersed cost of maintaining
that coherent state.

In this language, pressure acts on the configuration capacity:

P toχconf(P ).

A structural transition can therefore produce a sharp change in

dχconf
dP

.

When this change increases the coherent channel relative to the dispersed channel, the supercon-
ducting transition temperature rises:

χconf(P ) increases implies Tc increases.

The phonon contribution enters through phase-time. A phonon is a coherent oscillatory mode of
the lattice configuration. Its characteristic phase-time scale is

dtph
ϕ ∼ 1

ωph
e−iϕphdϕph.
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High-frequency phonons provide a faster coherent writing channel. In hydrogen-rich supercon-
ductors, the light mass of hydrogen gives high phonon frequencies, allowing a strong coherent-
registration channel, consistent with the conventional electron-phonon interpretation of high-pressure
sulfur hydride superconductivity [239].

The isotope effect follows immediately. Replacing hydrogen by deuterium changes the oscillator
mass and lowers the phonon frequency approximately as

ωD ≈ ωH√
2
.

Therefore the coherent phase-writing channel is reduced:

ωph decreases implies ηUiT decreases implies Tc decreases.

This gives the UiT interpretation of isotope tuning. The isotope changes the phase-time rate of
the lattice writing channel.

For high-pressure hydrides such as H3S, where high transition temperatures, isotope shifts, and
pressure-sensitive structural phases are observed [239–241], the empirical structure is therefore read
as follows:

P increases implies χconf(P ) increases

near the optimal structural phase, while

H toD implies ωph decreases implies ηUiT decreases.

The observed rise of Tc under pressure and its reduction under isotope substitution are then two
sides of the same registration law. Pressure tunes the configuration-writing capacity. Phonons
supply the coherent phase-time channel. Isotope mass changes the rate of that channel. Supercon-
ductivity appears when coherent distinguishable writing dominates over dispersed thermodynamic
cost.

The pressure-phonon criterion may therefore be summarized as

Tc(P,M)
T0

∼ ηUiT(P,M) ∼ ωph(P,M)λ(P )
Γdiss(P ) + Γstruct(P ) .

Here T0 is the material temperature scale set by the relevant coherent energy. This dimensionless
relation gives the UiT-level interpretation of why high pressure, light ions, strong phonon coupling,
and reduced incoherent broadening all favor the same physical outcome: coherent transport with
suppressed dispersive cost.

The same phase-time registration structure therefore appears in two experimentally distinct regimes.
In optical pump experiments, the control parameter is the external phase drive. In high-pressure
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hydrides, the control parameters are lattice configuration, phonon phase-time, and isotope mass. In
both cases the measured effect is an increase in coherent registration relative to entropy-producing
dispersion:

−dIpot(ϕ) to dIcoh
dist + dS

kB ln 2 ,

with superconductivity favored when

dIcoh
dist ≫ dS

kB ln 2 .

12.14 Existing Experiments and the Final Empirical Prediction

The transport criterion above is directly testable because a coherent drive should reduce the real
dissipative projection while preserving or strengthening phase-ordered transport. Light-driven or
phonon-driven superconducting-like transport above the equilibrium critical temperature has al-
ready been reported in several material families. The mechanism remains open across these systems,
with different studies emphasizing different microscopic channels. The present framework proposes
a specific organizing principle for them: externally injected phase order can temporarily reduce
informational dispersion and restore coherent transport above the equilibrium thermal threshold.
Ultrafast and microwave experiments already provide several relevant material families.

In the stripe-ordered cuprate La1.675Eu0.2Sr0.125CuO4, Fausti et al. reported that mid-infrared exci-
tation produced a transient three-dimensional superconducting-like state, indicated by the prompt
appearance of a Josephson plasma resonance in the c-axis response. [216] Hunt et al. later observed
distinct relaxation regimes and a light-induced coherent state extending over a wider temperature
window, with an upper scale of roughly 70–80 K. [226] These observations match the projected-force
criterion qualitatively: the drive creates an inductive phase-ordered response while suppressing the
ordinary resistive state.

In YBa2Cu3O6.5, Hu et al. observed optically enhanced coherent interlayer transport after resonant
mid-infrared excitation of apical-oxygen motion. [219] Mankowsky et al. connected this effect to
nonlinear lattice dynamics, and Liu et al. then measured pump-frequency resonances for light-
induced incipient superconductivity in the same compound. [218] [217] This last experiment is
especially useful for the present criterion because it compares response strength as a function of
pump frequency and can test whether the coherent response peaks when the drive addresses the
phase-selective lattice channel with limited broadband heating.

In fullerides, Mitrano et al. reported superconducting-like optical properties in K3C60 after mid-
infrared excitation, including optical signatures resembling an equilibrium superconducting state
above the ordinary transition temperature. [220] Budden et al. later found metastable photo-
induced superconducting-like optical properties with lifetimes exceeding 10 ns under sustained op-
tical driving. [227] Rowe et al. further reported resonant enhancement of photo-induced supercon-
ductivity in K3C60. [221] These fulleride results are consistent with the expectation that resonant
coherent driving can increase the imaginary/reactive channel relative to real dissipation.
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Recent magnetic measurements strengthen the empirical comparison because they move beyond op-
tical conductivity alone. Fava et al. probed optically driven YBa2Cu3O6.48 and reported transient
magnetic-field expulsion under the same driving conditions associated with superconducting-like
optical properties. [228] This is important for the present criterion because a Meissner-like diamag-
netic response is a macroscopic phase-coherence signature and a strong reactive/coherent-channel
measurement.

In the Euler-projection language this magnetic observation has a special role. The pump field
supplies an external electromagnetic drive, often through the electric coupling of an infrared-active
lattice mode. The superconducting-like signature is read most sharply in the reactive magnetic
response: inductive spectral weight, phase stiffness, and Meissner-like field expulsion. The ex-
periment separates the input channel from the successful coherent output channel. The electric
component injects energy into the material coordinate, while the magnetic or inductive response
measures conversion into the phase-orthogonal coherent projection.

Other families provide additional tests. In FeSe, Suzuki et al. reported a possible photoinduced su-
perconducting state with long-lived disproportionate band filling and transient behavior favorable
to superconductivity above the equilibrium transition temperature. [229] Nishida et al. performed
a broad study of light-induced superconducting-like responses in La-based cuprates emerging from
charge-density-wave states. [230] Microwave-enhanced superconductivity, including enhanced crit-
ical current and critical-temperature effects in thin superconducting structures, provides an older
nonequilibrium setting in which external electromagnetic driving changes the balance between dis-
sipative and coherent response. [231] [232]

Across these systems the recurring empirical pattern is the same: selective coherent driving can
enhance inductive, Josephson-like, gap-like, or superconducting-like response at temperatures where
the undriven equilibrium state is resistive. In the present framework these observations are the
expected qualitative signatures of

J · ℜ(Fϕ) decreases with ℑ(Fϕ) active or enhanced.

A quantitative test requires digitized or raw optical-conductivity data. The most direct test is to
compute

ηcoh(ωpump, t) = Scoh(ωpump, t)
Sdiss(ωpump, t)

from the same transient spectra and determine whether ηcoh peaks at the experimentally identified
coherent phonon or phase resonance. The theory predicts that resonant phase-channel pumping
gives a large ηcoh, while nonresonant heating gives a much smaller value.

The final empirical prediction is therefore broader than an optical-pump criterion. The controlling
quantity is the coherent registration ratio

χtr = dIcoh
dist

dS/(kB ln 2) .
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Any experimental control parameter that increases this ratio should enhance coherent transport.
Optical driving does so by coupling selectively to phase or phonon modes. Thermal-gradient ex-
periments probe the same structure through

∇µ = −s∇T.

Pressure and structural tuning probe it through

∇µ = v∇P +
∑

a

Xa∇λa.

Isotope substitution changes the phase-time rate of the phonon channel through

ωph ∝ M−1/2.

Thus optical conductivity, Nernst response, pressure tuning, and isotope shifts are different opera-
tional probes of the same registration law,

−dIpot(ϕ) = dIcoh
dist + dS

kB ln 2 .

The theory predicts that coherent transport is favored whenever the experimental control increases
dIcoh

dist relative to the entropy-producing channel dS/(kB ln 2). In optical probes this appears as
enhanced σ2 or superfluid spectral weight with limited σ1 growth. In thermal-gradient probes it
appears as a phase-dominated Nernst response. In pressure and phonon systems it appears as
increased Tc/T0, stronger phase stiffness, or reduced incoherent broadening under the structural
condition that maximizes ηUiT.
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13 Final Structural Map of the Theory

Figure 8: Final structural map of the theory. The figure is used as a schematic overview of the
branch structure. In the present formulation, matter is described by the closed complex spherical
Compton phase-time mode. The circular carrier rendering is read as a three-dimensional projec-
tion of the complex-plane phase-time boundary structure, used to visualize phase-time circulation,
phase-time holonomy, and closure.
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