Unified Scalar Radiance Law

V. Venkatesh Goud
Independent Researcher, Architect
Affiliation: Rasa Sthapati, Keesara, Telangana, India
ORCID: https://orcid.org/0009-0000-2230-5241

Page 1 of 70


https://orcid.org/0009-0000-2230-5241

Abstract

The Unified Scalar Radiance Law (Unified SRL) is introduced as the extended framework building
directly upon the Scalar Radiance Law (SRL). While Scalar SRL established a compact, falsifiable
identity for radiance scaling across equilibrium regimes, Unified SRL generalises the operator
composition to encompass driven, oscillatory, and extreme relativistic regimes.

Unified SRL retains the native operators — thermal kernel, geometry, gate, coherence, and collapse
but introduces sovereign modifiers: relativity (p), temporal symmetry (), information entropy (1),
dissipation (), and complex coherence (6%, 57,8, + i5;). These modifiers activate only in regimes
where their effects are physically relevant, ensuring that the law remains compact in equilibrium
contexts yet fully expressive in non-equilibrium and paradox environments.

In its modular audit form, radiance is expressed as:
R(T)=0(T)-G[As,p]-AlD,0O]-C[S,6%,67,6, +i5]1- AT, T *, y)-T[z] - I[1]
The measurable consequence is the closure regime identity:

26" +n+q (Equilibrium regime)

267 =67)+n+qg—y (Driven regime)
2(0,+16;)+n+q (Oscillatory regime)

267 +n+(g+p)+1—y+1 (Extreme relativistic regime)

The measurable consequence is the unified closure identity:
y'=20+n+q+f(p,7,1,26%,67,8,+i5;) Unified

This unified identity extends the existing abstract’s native universal form y =26 +n+gq by
declaring regime-specific activation of modifiers. Reinjection and other bounded corrections
remain subdominant, ensuring robustness of the leading identity.

SRL’s proof structure — factorization, conservation, entropy monotonicity, separability, and
discrete continuity — guarantees that radiance growth with temperature is deterministic,
auditable, falsifiable, and sovereign across domains. Its parameters are experimentally measurable
under declared protocols, ensuring transparency and reproducibility.

The law applies universally: condensed matter and nanoscale systems, plasmas and astrophysical
sources, biological emission, geophysical radiance, quantum information, and black hole physics.
Governance protocols — pre-registration of operator definitions, declaration of expected
exponents, error budget propagation, and replication across laboratories — secure SRL’s legitimacy
as a universal law.
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Chapter 1: Introduction

The Unified Scalar Radiance Law (SRL) is introduced as a sovereign, first-principles framework
that defines how radiance scales with temperature across equilibrium, driven, oscillatory, and
extreme relativistic regimes. It is constructed entirely from native operators — thermal kernel,
geometry, gate, coherence, and collapse — and extended modifiers — relativity, temporal
symmetry, information entropy, dissipation, and complex coherence. This ensures that its structure
remains internally consistent, auditable, and independent.

Unlike legacy formulations, SRL establishes a deterministic identity for radiance growth expressed
through the composition of its operators. In its extended form, SRL incorporates geometry
curvature (p), temporal phase rotation (7), hidden information channels (z), dissipation (), and
complex coherence (6%, 67,8, + i5;), allowing the law to narrate systems that break equilibrium,
oscillate in complex phases, or curve spacetime itself.

The law is formulated to provide a universal description of radiance that is both testable and
falsifiable. Its operator framework captures the essential features of radiative systems, while its
extended operators guarantee resilience under non-equilibrium and extreme conditions. By
declaring its structure explicitly, SRL offers a clear foundation for measurement, analysis, and
extension across scientific domains — from cosmology and condensed matter to quantum
information and black hole physics.

Two complementary notations are now recognised:
Modular Audit Form (explicit operators):
R(T)=O(T) - G[Ag,pl - A[®, 0] - C[S,6*,67,6,+i51- AT, T *, x)- Tlzl - 1[1]

This form declares each operator explicitly, ensuring transparency, auditability, and falsifiability in
laboratory protocols.

Compact Phase-Locked Form (functional identity):
R(T) = O(T) - G[A7] - A[®,8] - C[S]- AT, T*) - P[p,i] - €

This form expresses the same law in a compact, phase-locked notation, bundling relativity and
information entropy into a sovereign modifier and encoding temporal symmetry as a complex
rotation.

Together, these dual reflections ensure that SRL is both experimentally auditable and theoretically
elegant, capable of serving as a Sovereign Transfer Function for radiance scaling across all known
regimes.

Conclusion:

Though they appear different, both forms are mathematically equivalent and narrate the same law.
The modular form is the audit ledger, while the compact form is the sovereign transfer function.
Together, they provide dual reflections of SRL — one optimised for experimental clarity, the other
for theoretical elegance.
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1.1 Scope

The Unified Scalar Radiance Law (SRL) applies to systems in which radiance can be represented
through the composition of its native operators — thermal kernel ©(7 ), geometry G[Ay], gate
A[®, O], coherence C[S], and collapse A(T, T*) together with unified modifiers that account for
non-equilibrium and extreme regimes: relativity (p), temporal symmetry (), information entropy
(1), dissipation (y), and complex coherence (6%,57,6, + i6,).

These operators remain governed by the axioms of positivity, monotonicity, separability,
conservation, entropy monotonicity, and discrete continuity, which establish the boundaries of
validity for the law.

Within this unified framework, SRL is applicable across diverse physical contexts:

e Equilibrium systems such as bulk and reduced-dimensional materials, plasmas, astrophysical
sources, and biological light processes.

* Driven non-equilibrium systems such as NDTR junctions, phonon back-flow, and dissipative
channels.

* Oscillatory systems such as time crystals and phase-locked quantum emitters.

* Extreme relativistic systems such as black holes, curved spacetime radiance, and information
paradox environments.

The operator definitions are independent of specific system details yet sufficiently flexible to
capture variations in geometry (A, p), threshold activation (A[®, B]), coherence (67,57, 8, + i5;),
and collapse with dissipation (A(T, T *, y)).

Cases that do not satisfy the governing axioms are considered outside the scope of SRL. Such
conditions mark either points of rejection or opportunities for evolving the operator framework in
future work, ensuring SRL remains sovereign, auditable, and adaptable across domains.

1.2 Purpose and Stance

The Unified Scalar Radiance Law (SRL) is established to provide a sovereign and universal
framework for describing radiance scaling with temperature across all regimes — equilibrium,
driven, oscillatory, and extreme relativistic. Its purpose is to define radiance entirely through the
composition of native operators — thermal kernel ©(T ), geometry G[Ay], gate A[®, O], coherence
CI[S], and collapse A(T, T*) together with unified modifiers that extend the law’s reach: relativity
(p), temporal symmetry (7), information entropy (1), dissipation (y), and complex coherence
(6%,67,6,+1i5;). This ensures that the law remains internally consistent, auditable, and
independent of external formulations.

SRL adopts the stance that radiance growth is not a domain-specific phenomenon but a universal
identity governed by operator composition. By declaring its operators explicitly, it provides a
structured foundation that can be applied across diverse systems — from condensed matter and
biological emitters to astrophysical sources and black holes — without modification of the core
law.

The law is positioned as deterministic and falsifiable. Deterministic, because radiance scaling
follows directly from the declared operator set and axioms; falsifiable, because the law specifies
conditions under which it must fail if measurements contradict its unified identity. This stance
ensures SRL is both scientifically rigorous and adaptable to future evolution, serving as a sovereign
transfer function for radiance across all physical domains.
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1.3 Objectives

The objectives of the Unified Scalar Radiance Law (SRL) are defined to establish its role as a
sovereign and testable framework for radiance scaling with temperature. They are structured to
ensure clarity, universality, and falsifiability:

e Definition of Operators: To formally introduce the native operators — thermal kernel ©(T'),
geometry G[A;], gate A[D, ©], coherence C[S], and collapse A(T, T *) together with the unified
modifiers relativity (p), temporal symmetry (7), information entropy (z), dissipation (), and
complex coherence (6%,67,68, +i6;). Each operator is defined with precise semantics and
measurable parameters.

* Axiomatic Foundation: To declare the governing axioms — positivity, monotonicity, separability,
conservation, entropy monotonicity, and discrete continuity — ensuring that all operators remain
bounded, continuous, and auditable.

e Unified Scaling Identity: To derive a deterministic law of radiance growth expressed through
operator composition, valid across equilibrium, driven, oscillatory, and extreme relativistic
regimes.

* Applicability Across Domains: To demonstrate the law’s consistency in diverse contexts,
including condensed matter, plasmas, astrophysics, biological emission, geophysics, quantum
systems, and curved spacetime environments.

e Corrections and Stabilizers: To specify bounded correction mechanisms, such as reinjection,
collapse gates, and dissipation factors, ensuring robustness in both monotonic and
non-monotonic regimes without altering the leading identity.

* Governance and Falsifiability: To provide protocols for measurement, error propagation, and
rejection criteria, ensuring SRL remains sovereign, auditable, and scientifically rigorous across
laboratories and domains.

Together, these objectives converge on the sovereign closure identity:
y'=28+n+q+f(p,7,1,x6%,67,6,+i6)

which serves as the universal ledger across equilibrium, driven, oscillatory, and extreme relativistic
regimes.
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Chapter 2: Operator Framework

The Unified Scalar Radiance Law (SRL) is expressed through a compact set of native operators
together with a suite of unified modifiers. Each operator captures a fundamental aspect of radiance
scaling with temperature, while the modifiers extend the law’s reach into driven, oscillatory, and
extreme relativistic regimes. Together, they provide a deterministic structure governed by the
axioms of positivity, monotonicity, separability, conservation, entropy monotonicity, and discrete
continuity.

The framework introduces five native operators:
e Thermal kernel O(T')

e Geometry G[Ar]

e Gate A[D, O]

e Coherence C[S]

e Collapse A(T,T*)

Each is defined with precise semantics and measurable parameters, ensuring that radiance scaling
remains internally consistent, auditable, and universally applicable across physical domains.

To unify SRL across all regimes, the framework also incorporates modifiers:

e Relativity (p): curvature and spacetime effects

e Temporal symmetry (7): phase rotation and time-translation breaking

e Information entropy (7): hidden channels and paradox resolution

e Dissipation (y): environmental leakage and back-flow

e Complex coherence (6%,57, 8, + i8,): equilibrium, driven, and oscillatory synchronization

These modifiers activate only in regimes where their effects are physically relevant, ensuring that
the law remains compact in equilibrium contexts yet fully expressive in non-equilibrium and
extreme domains.

Thus, the Unified Operator Framework provides both the native backbone and the extended
modifiers, securing SRL as a sovereign, auditable, and universal law of radiance scaling.

2.1 Thermal Kernel Operator

The thermal kernel operator ©(7") defines the fundamental ceiling and baseline growth of radiance
with temperature. It represents the total energy reservoir available for emission and sets the upper
bound against which all other operators act. In the Unified SRL, the kernel remains the backbone
of the law, but its interaction with modifiers such as dissipation () and relativity (p) ensures that
the ceiling is respected even in non-equilibrium and extreme regimes.

Semantics
* The kernel is the energy backbone of SRL.
¢ As temperature increases, ©(7") grows, meaning more radiative energy becomes accessible.
¢ [t is always positive and monotonic: radiance cannot decrease as temperature rises.
¢ In equilibrium regimes, ©(7") alone defines the ceiling.
e In driven or relativistic regimes, modifiers adjust the effective ceiling:
e Dissipation (y) reduces accessible energy through leakage or back-flow.
o Relativity (p) modifies the aperture of the reservoir in curved spacetime.
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Ceiling Condition
®(T) < ®max

¢ ©, . 1is the sovereign ceiling of radiance capacity.
* In unified regimes, the effective ceiling is expressed as:

®eff = ®max f()(’p)
where f(y, p) encodes dissipation and relativistic curvature effects.

Scaling Exponent
The kernel’s responsiveness is quantified by the scaling exponent o:

din® 5
dinT
0 measures how strongly radiance grows with temperature under the kernel ceiling.
In the universal scaling identity:
y=20+n+gq

0 contributes directly to the closure identity alongside geometry (1) and gate (q).

Temperature input (7')

e Role: Temperature is the independent variable that drives kernel growth.

o Effect: As T rises, the kernel increases smoothly, raising the ceiling for radiance.

e Behavior:
e Atlow T: growth is strong and responsive.
e At moderate T: growth continues but may taper.
o At very high T: the kernel approaches a ceiling value ©,,, , ensuring conservation.
« In relativistic regimes: the ceiling is modified by (p), shifting the effective aperture.

Parameters and Units

e Temperature (7') :Measured in kelvin (K).

e Ceiling value (®max): Maximum radiance capacity, in watts per square meter per steradian
W .m-2- sr-1

e Scaling exponent (6) : Dimensionless parameter describing how strongly the kernel grows with
temperature.

* Modifier coupling:
e () (dissipation factor) — reduces effective ceiling.
e (p) (relativity factor) — modifies aperture in curved geometry.

Measurement protocols
* Baseline extraction: Radiance—temperature curves are measured in monotonic regimes where no
thresholds, coherence shifts, or collapse effects interfere. This isolates the pure kernel response
o(T).
¢ Ceiling estimation: Identify saturation behavior at high (7') tccl)ldeéermine Omax.
n

« Growth rate mapping: Calculate the slope a7 or elasticity to quantify responsiveness.

e Uncertainty budgets: Report both absolute radiance error and relative (%) error to ensure
reproducibility. Explicitly declare error propagation rules when dissipation (y) or or relativity
(p) are present, so ceiling adjustments remain auditable.
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Axiomatic alignment

e Positivity: ©(T) > 0.

* Monotonicity: ®(T") increases with (T")

e Conservation: O(T) < Omax .

* Discrete continuity: Growth is smooth across all temperatures, with no jumps or discontinuities.
 Entropy monotonicity: Radiance-weighted entropy rises with temperature as the kernel expands.

Unified Role (Thermal Kernel)

® The thermal kernel sets the energy ceiling for radiance. Other operators act relative to this
ceiling:

e Geometry (G[Ar, p]) proliferates modes under the ceiling.

e Gate A[®D, O] determines channel activation.

e Coherence C[S,6",67,6, + i8;] amplifies or suppresses emission.

e Collapse with dissipation A(T, T *, y) ensures bounded contraction

e Temporal symmetry (7'[r]) and information entropy (/[t]) redistribute and rotate kernel energy.

Thus, the thermal kernel remains the sovereign backbone of SRL, with ®,, . as its immutable
ceiling, and ¢ as its scaling exponent feeding directly into the unified closure identity.

Its scaling exponent ¢ contributes differently depending on the regime:
* Equilibrium regime

y=2"+n+gq
& appears as constructive coherence §*, defining the baseline ceiling.
* Driven regime
y=200"=8)+n+q—x

& is split into constructive and destructive parts (57 — §7), with dissipation y reducing the effective
ceiling.

* Oscillatory regime
y =26, +i65) +n+gq

0 manifests as complex coherence (5, + i9;), encoding oscillatory modulation of the kernel ceiling.
* Extreme relativistic regime
y=20"4+n+@+p)+1—y+7

& remains constructive (67), but relativity (p), information entropy (i), dissipation (y), and
temporal symmetry (7) activate, extending the kernel ceiling into curved spacetime.

* Unified identity:
y'=20+n+q+f(p,2)

The kernel sets the sovereign energy ceiling. § is the backbone exponent, while relativity (p) and
dissipation (y) adjust the ceiling in curved or leaky environments.
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2.2 Geometry Operator

The geometry operator G[A, p] defines how radiance scales with the dimensional structure of the
emitting system. It encodes the growth of admissible radiative modes as temperature increases,
ensuring that the law accounts for whether emission occurs in bulk volumes, sheets, wires, or
confined geometries. In the unified framework, geometry also incorporates relativity (p), allowing
curvature and spacetime effects to directly influence the proliferation of modes.

Semantics

The geometry operator determines how radiance is distributed within a system by declaring the

admissible mode density. A system’s dimensional structure directly governs how many radiative

channels can proliferate as temperature increases. The operator captures this difference by

assigning a scaling exponent # that grows with dimensionality and by coupling to the mode

density factor Ay .

* 3D bulk systems: Mode density grows rapidly with temperature, supporting a large number of
radiative channels.

¢ 2D systems (films, graphene): Growth is slower but remains monotonic, reflecting reduced
dimensional aperture.

¢ 1D systems (nanowires, fibers): Growth is further reduced, with radiance constrained to narrow
pathways.

* 0D systems (quantum dots): Geometry severely limits mode expansion, restricting radiance to
discrete states.

In the unified framework, relativity (p) is also declared within geometry. Curvature and horizon
effects alter the effective aperture, modifying how modes proliferate in spacetime. Thus, geometry
is both dimensional and relativistic, ensuring that radiance scaling remains sovereign across bulk
matter, reduced geometries, and curved domains.

Scaling Identity Contribution
* Geometry contributes directly to the unified closure identity:

y=20+n+gq

e Here, 77 is the geometry exponent, complementing the kernel exponent 6 and gate contribution g.
e This ensures that dimensional scaling is explicitly declared and auditable.

Temperature input (7')

* Role: Temperature drives the activation of geometric modes. As T rises, more modes become
accessible through the geometry operator G[Ar, p].

e The operator amplifies radiance according to dimensionality. Higher-dimensional systems (3D)
exhibit faster growth with T, while reduced geometries (2D, 1D, 0D) constrain the expansion of
modes. Relativity (p) further modifies this effect by altering the aperture in curved spacetime.

e Behavior:

e Atlow T: Only a small fraction of modes are active, radiance remains limited.

o At moderate T: Mode density expands significantly, scaling with the geometry exponent #.

o At high T: Geometry approaches saturation, but the thermal kernel ceiling ®,,,, continues to
set the sovereign bound.
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Parameters and Units

e Geometry index (g) : Dimensionless. Represents the effective dimensionality
e 11 = 3 for bulk materials.

e 7 = 2 for sheets and films.
e 1 = 1 for wires and fibers.
e 1 = 0 for quantum dots and confined geometries.

e Mode density factor (A;) — dimensionless. Encodes the number of admissible radiative modes
as a function of temperature T. This factor grows monotonically with T, reflecting the expansion
of accessible channels.

e Relativity factor (p)— dimensionless. Declares curvature and horizon effects that alter the
effective aperture of geometry in spacetime.

e Units: The geometry operator G[Ay, p] is dimensionless, ensuring that radiance retains its
physical units from the thermal kernel ©(T ). Geometry acts only as a multiplier, shaping
distribution without altering dimensional consistency.

Measurement protocols

* Dimensional mapping: Compare radiance-temperature scaling across systems of different
dimensionality (bulk, sheets, wires, dots). Extract the geometry index 5 by fitting the slope of
radiance growth relative to dimensional structure.

e Mode density estimation: Determine the temperature-dependent mode density factor A, by
counting admissible radiative channels as a function of T. This quantifies how geometry
amplifies radiance under the kernel ceiling.

* Relativity detection: Identify deviations in geometric scaling near horizons or curved domains.
These deviations are attributed to the relativity factor p, which modifies the effective aperture of
geometry.

* Elasticity check: Calculate the responsiveness of geometry to temperature:

dinG
dinT

n

ensuring that geometry scaling remains consistent and auditable across dimensional contexts.

* Uncertainty budgets:Report both absolute mode density error and relative (%) error. Explicitly
declare error propagation rules when p, is active, so that geometric adjustments remain
reproducible and sovereign.

Axiomatic alignment

e Positivity: G[Az, p] > 0.

* Monotonicity: Mode density increases with temperature, expanding admissible channels until
saturation. Growth remains monotonic across dimensional hierarchies.

e Separability: Geometry composes multiplicatively with the thermal kernel ®(T'), the gate
operator A[®, @], and coherence C[S]. Its contribution is independent yet auditable within the
unified operator ledger.

* Conservation: Geometry cannot exceed the ceiling set by the thermal kernel.

G[AT7 p] : ®(T) < ®max

e Discrete continuity: Mode growth is smooth across dimensional transitions (3D—2D—1D—0D).
No discontinuities are permitted in the expansion of admissible channels.
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Unified Role (Geometry Operator)

The geometry operator G[Ay,p] declares the dimensional aperture through which the thermal
kernel radiates. It ensures that radiance scaling is governed not only by temperature but also by
the structural pathways available for emission.

* Dimensional Sovereignty: Geometry defines whether radiance expands through bulk volumes,
sheets, wires, or confined states. The geometry index 7 quantifies this scaling, ensuring
dimensional clarity across all systems.

« 3D bulk systems: Radiance expands rapidly with temperature, supporting a dense proliferation
of modes.

e 2D sheets (films, graphene): Growth remains monotonic but slower, reflecting reduced
aperture.

e 1D wires (nanowires, fibers): Radiance is constrained to narrow pathways, with further
reduced growth.

e 0D dots (quantum dots, confined states): Geometry severely limits mode expansion, restricting
radiance to discrete states.

¢ Mode Proliferation: The factor A; encodes how admissible radiative modes grow with
temperature, amplifying radiance under the kernel ceiling ®,,,, . .

* Relativistic Aperture: The relativity factor p extends geometry into curved spacetime, declaring
how horizons and curvature alter the distribution of modes.

e Operator Integration: Geometry composes multiplicatively with the kernel ©(T'), gate A[®, ],
coherence C[S], and collapse A(T, T *) . Its contribution is explicit in the closure identity:

e Conservation: Geometry cannot exceed the sovereign ceiling set by the kernel, ensuring
dimensional scaling remains bounded and auditable.

Thus, the geometry operator provides the structural backbone of SRL, declaring how radiance is
distributed across dimensional hierarchies and curved domains.

Its scaling exponent # contributes differently depending on the regime:
* Equilibrium regime
y=26"+n+gq
n quantifies dimensional scaling (3D, 2D, 1D, 0D) under the kernel ceiling.

* Driven regime
y=26"=-86)+n+q—x

n remains dimensional, but dissipation x reduces effective aperture.

* Oscillatory regime
y =26, +i5)+n+gq

n continues to declare dimensional scaling, while coherence oscillations modulate radiance.

* Extreme relativistic regime
y=26t+n+@+p)+i—y+=

n is extended by relativity (p), ensuring geometry accounts for curvature and horizon effects, while
information entropy (), dissipation (y), and temporal symmetry (), further shape aperture.
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* Unified identity:
Y'=204+n+qg+f(p)

Geometry declares the dimensional aperture. # quantifies scaling by dimensionality, while
relativity (p) extends geometry into curved spacetime.

2.3 Gate Operator

The gate operator A[®, O] defines how radiance pathways open as temperature increases. It
represents the activation of thresholds — points at which new emission channels become
accessible. Without the gate, radiance would grow smoothly with the kernel and geometry alone;
with the gate, radiance growth accelerates when thresholds are crossed.

Semantics

* The gate acts like a switch or filter.

¢ At low temperatures, certain radiative modes remain closed.

* As temperature rises and reaches a threshold, the gate begins to open, allowing additional
pathways to contribute to radiance.

* This opening is continuous and bounded, ensuring smooth transitions without discontinuities.

Baseline Convention
Two admissible gate conventions exist.
* Strictly closed convention:

(T<T,)~0,
The gate opens only at threshold.
* Baseline-open convention:
NT<T)~1,
The gate is open at baseline, with additional activation above.

The chosen baseline convention must be declared in advance, as it determines how activation
slopes are extracted and interpreted experimentally.

Temperature input (7')
* Role: Temperature determines whether thresholds are inactive, partially active, or fully open.
¢ Effect:
e Atlow T : the gate remains closed, radiance is limited to baseline modes.
o At threshold T : the gate begins to open, radiance increases more rapidly.
o Athigh T : the gate saturates, all pathways are accessible.
e Behavior: The gate ensures radiance growth is not uniform but responds to activation points tied
to physical thresholds (e.g., band gaps, plasma frequencies, activation energies).

Parameters and Units

e Threshold temperature (7,) :Measured in kelvin (K). Defines the onset of gate activation.

e Activation factor (g) :Dimensionless exponent describing how strongly radiance grows once the
gate opens.

* Gate function A[®, ©]: Dimensionless. Ensures radiance retains physical units from the kernel.
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Physical Threshold Mapping

The gate exponent ¢ is tied to specific physical activation phenomena:

e Electronic band gaps: Threshold corresponds to carrier excitation; g reflects how radiance
channels open across conduction bands.

e Plasma frequencies: Threshold corresponds to collective oscillation onset; ¢ encodes how
radiance couples to plasma modes.

» Activation energies (chemical/phonon): Threshold corresponds to vibrational or reaction onset; g
measures how radiance channels expand once activated.

e Superconducting / quantum transitions: Threshold corresponds to coherence onset; g reflects how
radiance pathways reorganise under new quantum states.

Measurement protocols

e Threshold identification: Locate the temperature at which radiance growth deviates from
baseline monotonicity.

e Activation curve mapping: Measure radiance across the threshold region to determine how
quickly the gate opens.

 Exponent extraction: Fit the growth rate to identify the gate exponent g.

e Auditability: Thresholds and expected activation behavior must be declared before measurement
to ensure reproducibility.

Axiomatic alignment

e Positivity: A[D, 0] > 0.

* Monotonicity: Gate activation increases radiance capacity with temperature.

* Separability: Gate composes multiplicatively with kernel, geometry, and coherence.

e Conservation: Gate cannot exceed the ceiling set by the kernel A[®,0] - O(T) < 0,,,.-
« Discrete continuity: Gate opening is smooth across 7, with no abrupt jumps.

Unified Role (Gate Operator)

The gate operator declares the activation of thresholds within SRL. It ensures radiance growth is

responsive to physical activation points rather than purely monotonic. By opening pathways at

critical temperatures, the gate provides the threshold backbone of SRL.

e Threshold sovereignty: The gate determines when new radiative channels become accessible,
tied to band gaps, plasma frequencies, activation energies, or coherence transitions.

e Operator integration: The gate composes multiplicatively with the kernel ©(7'), geometry
G[Ay,p], coherence C[S], and collapse A(T, T*).

e Auditability: Thresholds and expected activation behavior must be declared before measurement
to ensure reproducibility.

* Conservation: Gate activation cannot exceed the sovereign ceiling set by the kernel, ensuring
bounded growth.

Thus, the gate operator ensures radiance scaling remains auditable, bounded, and sovereign across
all systems.

Its threshold exponent g contributes differently depending on the regime:
* Equilibrium regime

y =26Y+n+gq

q reflects baseline threshold activation, declaring when radiance channels open under equilibrium
conditions
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* Driven regime
y=206"-86)+n+q—x

q interacts with dissipation y, ensuring threshold activation remains bounded under leakage or
back-flow.
* Oscillatory regime

y=206,+i5)+n+gq

q continues to declare activation points, while coherence oscillations modulate the effective
opening of pathways.

* Extreme relativistic regime
y=26"+n+@+p)+i—y+=

q is extended by relativity (p), ensuring thresholds account for spacetime curvature, while
information entropy (2), dissipation (y), and temporal symmetry (z) further shape activation.

* Unified identity:
Y'=2+n+q+f(p,x.7.1)

The gate encodes thresholds. gopens radiance channels, while relativity (p), dissipation (y),
temporal symmetry (7), and information entropy (1) shape how thresholds activate.

2.4 Coherence Operator

The coherence operator C[S,5%,67,8, + i5;] defines how radiance is amplified or suppressed by
the synchronization of modes. It encodes the degree to which radiative channels act collectively,
either reinforcing or canceling one another. Without coherence, radiance follows kernel, geometry,
and gate scaling alone; with coherence, radiance can exhibit enhanced growth, suppression, or
oscillatory modulation.

Semantics

Coherence measures the collective alignment of radiative modes.

* When modes are in phase, radiance is amplified (constructive coherence).

* When modes are out of phase, radiance is suppressed (destructive coherence).

e In oscillatory systems, coherence can fluctuate, producing alternating amplification and
suppression.

e Coherence is continuous and bounded, ensuring radiance remains auditable and smooth across
transitions.

The operator quantifies this transition, ensuring SRL accounts for both ordinary emission and
collective amplification.

Temperature input (7°)
* Role: Temperature influences coherence indirectly by affecting the state of emitters.
¢ Effect:
e Atlow T : Coherence is weak; modes act independently.
o At moderate T : Collective behavior emerges; radiance channels begin to synchronise.
o At high T : Coherence may saturate, oscillate, or collapse, depending on system constraints.
¢ Behavior: Coherence is bounded and smooth; it cannot introduce discontinuities into radiance
growth.
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Parameters and Units

e Coherence factor (§) : Dimensionless. Represents the strength of synchronization among
emitters.

» Positive coherence exponent(6*) : Dimensionless. Quantifies constructive amplification.

» Negative coherence exponent(6™) : Dimensionless. Quantifies destructive suppression.

e Complex coherence exponent(d, + id;) : Dimensionless. Encodes oscillatory or phase-rotating
coherence, allowing radiance to fluctuate in time or frequency.

e Units: Coherence operator is dimensionless, ensuring radiance retains physical units from the
kernel.

Measurement protocols

¢ Phase mapping: Measure radiance interference patterns to determine coherence strength S.

e Amplification curve: Identify regions where radiance exceeds kernel + geometry + gate
predictions; extract 67 .

e Suppression curve: Identify regions where radiance falls below baseline predictions; extract 6~ .

» Oscillatory detection: Fit radiance fluctuations to complex coherence terms 8, + iJ; .

* Auditability: Declare coherence conventions (constructive, destructive, oscillatory) before
measurement to ensure reproducibility.

Axiomatic alignment

e Positivity: C[S] > 0.

* Monotonicity: Coherence activation increases or decreases radiance capacity smoothly with
temperature.

* Separability: Coherence composes multiplicatively with kernel, geometry, and gate.

e Conservation: Coherence amplification remains bounded by the kernel ceiling

CIST-O(T) < 0,4,

* Discrete continuity: Coherence transitions are smooth; no abrupt jumps between independent

and collective regimes.

Unified Role (Coherence Operator)

The coherence operator declares the collective alignment of radiative modes within SRL. It ensures

radiance scaling reflects not only individual channels but also their synchronization.

e Constructive coherence (6%) : Amplifies radiance when modes are in phase.

e Destructive coherence (07) : Suppresses radiance when modes are out of phase.

e Oscillatory coherence (5, +i6;) : Encodes alternating amplification and suppression, producing
modulation in time or frequency.

® Operator integration:

C[S,6%,67,6,+i5]-OT) - G[Ar, pl - A[®,0O] - AT, T *.y)

e Auditability: Coherence conventions (constructive, destructive, oscillatory) must be declared
before measurement to ensure reproducibility.

e Conservation: Coherence amplification remains bounded by the kernel ceiling, ensuring radiance
scaling is sovereign and auditable.

Thus, coherence provides the collective backbone of SRL, ensuring amplification, suppression, and
oscillatory modulation are explicitly declared.

Its exponents contribute differently depending on the regime:
* Equilibrium regime
y=26T+n+gq

6 appears as constructive coherence 6%, amplifying radiance smoothly under equilibrium.
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* Driven regime
y=206"-86)+n+q—x

& is split into constructive and destructive parts (5% — §7), with dissipation x reducing the effective
ceiling.

* Oscillatory regime
r=20,+i0)+n+gq
0 manifests as complex coherence (5, + i9;), encoding oscillatory modulation of the kernel ceiling.

* Extreme relativistic regime
y=2"+n+@+p)+ti—y+z

& remains constructive (67), but relativity (p), information entropy (i), dissipation (y), and
temporal symmetry (7) activate, extending the kernel ceiling into curved spacetime.

* Unified identity:
Y =28+n+q+f(6,67,6.+1i65)

Coherence governs synchronization. Constructive (67) amplifies, destructive (§7) suppresses, and
complex (9, + i6;) modulates radiance oscillations.

2.5 Collapse Operator

The collapse operator A(T,T *, y) declares how radiance scaling terminates, saturates, or
reorganises when thresholds are exceeded. It encodes the sovereign boundary condition of SRL,
ensuring that radiance remains bounded by the kernel ceiling ®,,,, . Collapse is not destruction
but closure: it enforces unity, saturation, or transformation when radiance channels reach their
limit.

Semantics
* Collapse governs the final stage of radiance growth.
e It ensures that radiance does not diverge indefinitely but instead approaches a bounded state.
¢ Collapse can manifest as:
e Unity collapse: Radiance saturates smoothly at the kernel ceiling.
e Threshold collapse: Radiance reorganises when a critical temperature 7" * is crossed.
e Breakdown collapse: Radiance channels fail or fragment, producing discontinuities in
coherence.
¢ Collapse is sovereign and irreversible: once saturation or breakdown occurs, radiance cannot
exceed the declared ceiling.

Temperature input (7,7 *, y)

e Role: Collapse is triggered when temperature approaches or exceeds a critical threshold 7" *

¢ Effect:
e Atlow T : Collapse is inactive; radiance grows normally.
e At collapse threshold T * : Collapse begins to shape growth, suppressing runaway expansion.
e Athigh T > T * : Collapse enforces saturation, unity, or breakdown.

e Behavior: Collapse ensures radiance scaling remains bounded, sovereign, and auditable across
all domains.
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Parameters and Units

e Critical temperature (7 *)— kelvin (K). Declares the onset of collapse.

e Collapse function A(T, T *, y)— dimensionless. Governs how radiance approaches saturation or
breakdown.

¢ Collapse exponent (y)— dimensionless. Quantifies the sharpness of collapse (smooth vs abrupt).

e Units: Collapse operator is dimensionless, ensuring radiance retains physical units from the
kernel.

e Reinjection correction — dimensionless, declared as y < 1. Ensures corrections remain explicitly
subdominant and cannot alter the sovereign closure identity.

Measurement protocols

e Critical threshold detection: Identify the temperature T * at which radiance growth deviates
from expected scaling.

e Saturation curve mapping: Measure radiance near T * to determine whether collapse is smooth
(unity) or abrupt (breakdown).

¢ Exponent extraction: Fit collapse behavior to extract y, quantifying sharpness.

e Auditability: Collapse conventions (unity, threshold, breakdown) must be declared before
measurement to ensure reproducibility.

e Error budgets: Report both absolute saturation error and relative (%) error to ensure collapse
remains sovereign and auditable.

Axiomatic alignment

e Positivity: A(T, T *, y) > 0.

* Monotonicity: Collapse enforces bounded growth; radiance cannot diverge.

e Conservation: Collapse enforces the sovereign ceiling: A(7,T *, y)-O(T) < 0,,,,

* Discrete continuity: Collapse transitions are smooth unless breakdown is explicitly declared.
* Separability: Collapse composes multiplicatively with kernel, geometry, gate, and coherence.

Unified Role (Collapse Operator)

The collapse operator declares the sovereign boundary condition of SRL. It ensures radiance

scaling remains bounded, auditable, and universal across all physical contexts.

e Unity collapse: Radiance saturates smoothly at the kernel ceiling ®,,, ..

e Threshold collapse: Radiance reorganises when a critical temperature 7' * is crossed.

* Breakdown collapse: Radiance channels fragment, producing discontinuities in coherence.

e Operator integration: O(T') - G[A, p] - A[®,0] - C[S,6%,67,6, +i5;] - AT, T *.y)

e Auditability: Collapse conventions (unity, threshold, breakdown) must be declared before
measurement to ensure reproducibility.

e Conservation: Collapse enforces the sovereign ceiling, ensuring radiance cannot diverge.

Thus, collapse provides the closure backbone of SRL, enforcing saturation and bounded
contraction across all regimes.

Its contribution to y differs depending on the regime:
* Equilibrium regime
y =26"+n+gq

Collapse remains inactive; radiance grows smoothly until the kernel ceiling is reached.

* Driven regime
y=20"-6)+n+q-x
Collapse introduces dissipation x ensuring bounded contraction under leakage or back-flow.
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* Oscillatory regime
r=20,+i0)+n+gq

Collapse interacts with oscillatory coherence, enforcing saturation when fluctuations approach
instability.

* Extreme relativistic regime
y=28"+n+@+p)+i—y+=

Collapse enforces the ceiling under curvature (p), entropy (1), dissipation (y), and temporal
symmetry (7) ensuring radiance remains bounded even in spacetime extremes.

* Unified identity:

Y'=28+n+q+f(67,67.6.+ib,y)
Collapse enforces bounded contraction. It integrates coherence terms and dissipation (y) to ensure
radiance saturates or reorganises without divergence.

2.6 Relativity Operator

The relativity operator R[p] declares how curvature, horizons, and spacetime effects modify
radiance scaling. It ensures that radiance is not only governed by temperature, geometry, and
thresholds, but also by the aperture of spacetime itself. Relativity introduces corrections when
systems approach gravitational extremes, cosmological horizons, or curved domains.

Semantics

* Relativity modifies the effective aperture of geometry.

e In flat spacetime, p = 1, radiance follows kernel, geometry, and gate scaling without correction.

e In curved spacetime, p > 1 or p < 1, radiance pathways are expanded or contracted depending
on curvature.

* Near horizons, relativity enforces redshift suppression or mode expansion, altering how radiance
channels proliferate.

* Relativity is continuous and bounded, ensuring smooth transitions across gravitational domains.

Temperature Input T

* Role: Temperature interacts with relativity by determining how strongly curvature modifies
radiance scaling.

¢ Effect:
e Atlow T: Relativity effects are negligible; geometry dominates.
o At moderate T: Relativity begins to alter aperture, shifting mode density.
e At high T: Relativity strongly modifies scaling near horizons, enforcing redshift or saturation.

e Behavior: Relativity ensures radiance scaling remains sovereign even in gravitational or
cosmological extremes.

Parameters and Units

e Relativity factor (p) :dimensionless. Declares curvature and horizon effects.

e Curvature index (k) :dimensionless. Quantifies the strength of spacetime curvature.

e Horizon temperature (7),) : kelvin (K). Declares the onset of horizon effects (e.g., Hawking
temperature).

e Units: Relativity operator is dimensionless, ensuring radiance retains physical units from the
kernel.
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Measurement Protocols

e Curvature mapping: Measure radiance scaling in curved vs flat domains to extract p .

e Horizon detection: Identify deviations near critical temperatures 7;, where horizon effects
activate.

* Redshift analysis: Fit radiance suppression to gravitational redshift curves.

¢ Expansion analysis: Fit radiance amplification to curvature-induced mode expansion.

e Auditability: Relativity conventions (flat, curved, horizon) must be declared before measurement
to ensure reproducibility.

Axiomatic Alignment

e Positivity: R[p] > 0

* Monotonicity: Relativity modifies radiance smoothly with curvature and temperature.

* Separability: Relativity composes multiplicatively with kernel, geometry, gate, and coherence.

e Conservation: Relativity cannot exceed the sovereign ceiling set by the kernel:
RIp]-O(T) <0,

¢ Discrete continuity: Relativity transitions are smooth across flat, curved, and horizon domains.

Unified Role (Relativity Operator)

The relativity operator declares the spacetime aperture of SRL. It ensures radiance scaling remains

valid not only in material geometries but also in gravitational and cosmological contexts.

e Curvature sovereignty: Relativity modifies the effective aperture of geometry, expanding or
contracting radiance pathways depending on spacetime curvature.

* Horizon effects: Near horizons, relativity enforces redshift suppression or mode expansion,
altering how radiance channels proliferate.

e Operator integration: Relativity composes multiplicatively with the kernel ®(T), geometry
G[Ay, p], gate A[®, O], coherence C[S], and collapse A(T, T *).

e Auditability: Relativity conventions (flat, curved, horizon) must be declared before measurement
to ensure reproducibility.

* Conservation: Relativity cannot exceed the sovereign ceiling set by the kernel, ensuring bounded
scaling even in curved domains.

Thus, relativity provides the curvature backbone of SRL, extending the law into black holes,
cosmological horizons, and curved spacetime.

Its factor p contributes differently depending on the regime:
* Equilibrium regime
y=28t+n+gq

Relativity is inactive (p = 1); geometry dominates aperture.

* Driven regime
y=206"-86)+n+q—x

Relativity remains negligible; dissipation y governs contraction.

* Oscillatory regime
y =206, +i6) +n+gq

Relativity is not dominant; coherence oscillations shape modulation.
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* Extreme relativistic regime
y=2"+n+@+p)+1—y+r

Relativity (p), explicitly extends geometry into curved spacetime, while information entropy (z),
dissipation (y), and temporal symmetry (7) activate, ensuring radiance scaling remains sovereign
under gravitational extremes.

* Unified identity:
y/= 25 +77 +q +f(p7KsT]1)

Relativity modifies aperture under curvature. p,k, and horizon terms (7)) extend SRL into
gravitational and cosmological domains.

2.7 Information Operator

The information operator /[i]declares how entropy, hidden channels, and paradox resolution
influence radiance scaling. It ensures that radiance is not only governed by physical pathways
(kernel, geometry, gate, coherence, collapse, relativity) but also by the informational state of the
system. Information acts as a sovereign constraint: it can amplify radiance by revealing hidden
channels, or suppress radiance by enforcing entropy limits.

Semantics

e Information governs the availability and accessibility of radiative pathways.

* High information (low entropy) — radiance channels are transparent, coherent, and amplifying.

* Low information (high entropy) — radiance channels are obscured, suppressed, or lost.

e Information also resolves paradoxes (e.g., black hole information paradox), ensuring SRL
remains complete and auditable even in extreme regimes.

e Information is continuous and bounded, ensuring smooth transitions across entropy states.

Temperature Input T
* Role: Temperature interacts with information by altering entropy and channel accessibility.
¢ Effect:
e Atlow T: Information is preserved; entropy is minimal; radiance channels remain transparent.
o At moderate T: Entropy increases; hidden channels emerge or vanish; radiance scaling becomes
sensitive to informational balance.
e At high T: Information loss dominates; entropy saturates; radiance channels collapse into
paradox resolution.
e Behavior: Information ensures radiance scaling reflects not only physical thresholds but also
informational constraints.

Parameters and Units

e Information factor (z) : Dimensionless. Declares the informational state of the system.

e Entropy index (H ) : Dimensionless. Quantifies disorder and hidden channel suppression.

e Paradox resolution term (IT) : Dimensionless. Declares how information paradoxes (e.g., black
hole evaporation) are resolved within SRL.

e Units: Information operator is dimensionless, ensuring radiance retains physical units from the
kernel.
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Measurement Protocols

¢ Entropy mapping: Measure radiance suppression as entropy increases; extract H.

* Hidden channel detection: Identify radiance pathways that emerge or vanish due to
informational constraints; extract .

e Paradox resolution audit: Compare radiance scaling near black hole or cosmological horizons to
ensure paradox resolution via I1.

e Auditability: Information conventions (low entropy, high entropy, paradox resolution) must be
declared before measurement to ensure reproducibility.

Axiomatic Alignment

e Positivity: I[1] > 0

* Monotonicity: Information modifies radiance smoothly with entropy and temperature.

* Separability: Information composes multiplicatively with kernel, geometry, gate, coherence,
collapse, and relativity.

* Conservation: Information cannot exceed the sovereign ceiling set by the kernel:

I[:]-O(T) £0,,,,

* Discrete continuity: Information transitions are smooth across entropy states and paradox

resolutions.

Unified Role (Information Operator)

The information operator declares how entropy, hidden channels, and paradox resolution

influence radiance scaling. It ensures that radiance is not only governed by physical pathways

(kernel, geometry, gate, coherence, collapse, relativity) but also by the informational state of the

system.

* Entropy sovereignty: Information governs the availability and accessibility of radiative
pathways. High information (low entropy) amplifies radiance; low information (high entropy)
suppresses or obscures channels.

e Paradox resolution: Information resolves contradictions such as the black hole information
paradox, ensuring SRL remains complete and auditable even in extreme regimes.

e Operator integration: Information composes multiplicatively with the kernel ®(7'), geometry
G[Ay, pl, gate A[®, O], coherence C[S], collapse A(T, T *), and relativity R[p].

e Auditability: Information conventions (entropy index, paradox resolution terms) must be
declared before measurement to ensure reproducibility.

¢ Conservation: Information acts as a sovereign constraint, ensuring radiance scaling remains
bounded and transparent.

Thus, the information operator provides the entropy backbone of SRL, ensuring radiance scaling
reflects both physical thresholds and informational constraints.

Its factor ¢ contributes differently depending on the regime:
* Equilibrium regime

y=20"+n+gq
Information entropy is minimal; radiance channels remain transparent.
* Driven regime
y=26"=8)+n+q-x
Information plays a secondary role; dissipation dominates contraction.
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* Oscillatory regime
y =20, +is)+tn+gq
Information remains implicit; coherence oscillations govern modulation.
* Extreme relativistic regime
y=26"+n+@+p+i—y+r

Information entropy (1) explicitly enters, declaring hidden channels and paradox resolution
alongside relativity (p), dissipation (y), and temporal symmetry (7).

* Unified identity:
y'=20+n+q+f(p,x1,HII)

Information declares entropy and paradox resolution. t adds hidden channels, while H and II
encode entropy flow and paradox closure.

2.8 Dissipation Operator

The dissipation operator D[ ] declares how radiance is reduced or redistributed due to leakage,
back-flow, or environmental coupling. It ensures that radiance scaling is not only governed by
internal operators but also by external interactions with the environment. Dissipation enforces
realism: no system is perfectly isolated, and radiance must account for losses.

Semantics

* Dissipation measures the degree of leakage from radiance channels.

e When dissipation is weak (y ~ 0), radiance scaling follows kernel, geometry, and gate
predictions closely.

e When dissipation is strong (y > 0), radiance is suppressed, redistributed, or delayed.

¢ Dissipation can manifest as:
e Leakage: Radiance escapes into the environment.
e Back-flow: Radiance re-enters the system, altering coherence.
e Coupling: Radiance interacts with external reservoirs (phonons, lattice vibrations, thermal

baths).

e Dissipation is continuous and bounded, ensuring smooth suppression without abrupt

discontinuities.

Temperature Input T
* Role: Temperature influences dissipation by altering coupling strength with the environment.
¢ Effect:
¢ Atlow T: Dissipation is minimal; radiance remains close to ideal scaling.
¢ At moderate T: Dissipation increases; leakage and back-flow become measurable.
e At high T: Dissipation dominates; radiance channels saturate or collapse into environmental
reservoirs.
* Behavior: Dissipation ensures radiance scaling reflects not only internal operators but also
external coupling.
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Parameters and Units

e Dissipation factor () : Dimensionless. Declares the strength of leakage or suppression.

e Coupling index (k) : Dimensionless. Quantifies interaction strength with external reservoirs.

e Back-flow coefficient () : Dimensionless. Declares how much radiance re-enters the system
after leakage.

e Units: Dissipation operator is dimensionless, ensuring radiance retains physical units from the
kernel.

Measurement Protocols

* Leakage detection: Measure radiance loss relative to kernel + geometry + gate predictions;
extract y.

e Back-flow mapping: Identify radiance re-entry patterns; extract f.

e Coupling analysis: Fit radiance suppression to environmental reservoir models; extract ;.

e Auditability: Dissipation conventions (leakage, back-flow, coupling) must be declared before
measurement to ensure reproducibility.

e Error budgets: Report both absolute leakage error and relative (%) error to ensure dissipation
remains auditable.

Axiomatic Alignment

e Positivity: D[ y] > 0

* Monotonicity: Dissipation increases smoothly with temperature and coupling strength.

* Separability: Dissipation composes multiplicatively with kernel, geometry, gate, coherence,
collapse, and relativity.

e Conservation: Dissipation enforces the sovereign ceiling: D[ y] - ©(T) < 0,,,.-

e Discrete continuity: Dissipation transitions are smooth across leakage, back-flow, and coupling
regimes.

Unified Role (Dissipation Operator)

The dissipation operator declares the environmental backbone of SRL. It ensures radiance scaling

reflects not only internal operators but also external losses and couplings. By introducing y, k;,

into the operator ledger, dissipation provides the realism backbone of SRL: leakage, back-flow, and

environmental coupling across all physical contexts. Dissipation couples directly with collapse,

and composes multiplicatively with kernel, geometry, gate, and coherence, ensuring bounded

contraction and reproducibility.

Thus, dissipation ensures SRL remains universal, auditable, and sovereign, capturing leakage,
back-flow, and environmental coupling across all physical contexts.

Its factor y contributes differently depending on the regime:
* Equilibrium regime

y=26Y+n+gq
Dissipation is inactive; radiance grows smoothly under the kernel ceiling.
* Driven regime
y=26"-6)+n+q-x

Dissipation y subtracts directly from y, enforcing bounded contraction under leakage or back-flow.

Page 23 of 70



* Oscillatory regime
y=26+i5)+n+q
Dissipation plays a secondary role; coherence oscillations dominate modulation.
* Extreme relativistic regime
y=26"+n+@+p+i—y+r

Dissipation (y),is fully active, balancing Information entropy (7),relativity (p), and temporal
symmetry (7) to enforce bounded contraction in curved spacetime.

* Unified identity:
y'=20+n+q+f(p,1,x.x5p)

Dissipation introduces leakage and back-flow. y enforces contraction, while x; and fquantify
environmental coupling and damping.

2.9 Complex Operator

The complex operator X[0,+i0;] declares how radiance scaling is modified by oscillatory,
phase-rotating, and time-crystal behaviors. It encodes the complex coherence backbone of SRL,
allowing radiance to fluctuate, rotate, or oscillate in ways that cannot be captured by purely real
exponents. Complex contributions extend SRL into non-equilibrium domains where radiance is no
longer monotonic but cyclic, resonant, or phase-modulated.

Semantics

* The complex operator introduces oscillatory modulation into radiance scaling.

e The real part (5,)governs baseline coherence strength.

e The imaginary part (9;) governs oscillatory rotation, producing periodic amplification and
suppression.

e Together, they allow radiance to exhibit time-crystal behavior, where scaling repeats cyclically
rather than monotonically.

e Complex coherence is bounded and continuous, ensuring oscillations remain auditable and
sovereign.

Temperature Input T

* Role: Temperature interacts with complex coherence by determining oscillation frequency and
amplitude.

¢ Effect:
e Atlow T: Oscillations are weak; radiance remains close to real scaling.
o At moderate T: Oscillations emerge; radiance channels begin to rotate in phase space.
e At high T: Oscillations dominate; radiance exhibits cyclic or time-crystal behavior.

e Behavior: Complex coherence ensures radiance scaling reflects not only monotonic growth but
also oscillatory modulation tied to physical thresholds (e.g., cavity resonances, driven oscillators,
Floquet systems).

Parameters and Units
¢ Real coherence exponent (8,) :Dimensionless. Declares baseline coherence strength.
e Imaginary coherence exponent (§;) :Dimensionless. Declares oscillatory rotation strength.
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e Oscillation frequency (w) : Hertz (Hz). Quantifies periodicity of radiance modulation.

e Oscillation amplitude (A) : Dimensionless. Declares the strength of oscillatory modulation.

e Units: Complex operator is dimensionless, ensuring radiance retains physical units from the
kernel.

Measurement Protocols

e Oscillation detection: Measure radiance fluctuations across temperature; extract o, .

e Frequency mapping: Fit oscillatory patterns to determine .

e Amplitude extraction: Quantify oscillation strength A.

e Phase rotation analysis: Map radiance phase shifts to extract 8, + iJ;.

e Auditability: Complex conventions (real, imaginary, oscillatory) must be declared before
measurement to ensure reproducibility.

Axiomatic Alignment

e Positivity: X[6, +i6;] > 0

* Monotonicity: Complex coherence modifies radiance smoothly with oscillation amplitude and
frequency.

e Separability: Complex operator composes multiplicatively with kernel, geometry, gate,
coherence, collapse, relativity, and information.

e Conservation: Complex coherence cannot exceed the sovereign ceiling set by the kernel:

X[6,+i6]-6(T)<0O,,,

* Discrete continuity: Oscillatory transitions are smooth across real and imaginary domains.

Unified Role

The complex coherence operator declares how radiance is amplified, suppressed, or modulated

through synchronization of modes in equilibrium, driven, and oscillatory contexts. It extends the

native coherence operator by explicitly encoding constructive (%), destructive (67), and complex

oscillatory terms (6, +i6;), together with additional modifiers such as frequency (w) and

amplitude (A).

e Constructive coherence (6%): Radiance channels reinforce one another, amplifying emission.

¢ Destructive coherence (67): Radiance channels cancel, suppressing emission.

e Complex coherence (5, + i0;): Radiance fluctuates in time or frequency, producing oscillatory
modulation.

e Frequency and amplitude (@, A): Extend coherence into driven oscillatory regimes, declaring
how synchronization varies with external driving forces.

e Operator integration: Complex coherence composes multiplicatively with kernel ©(7"), geometry
G[Ar, p], gate A[D, O], collapse A(T, T *), dissipation (y), and relativity (p).

¢ Auditability: Coherence conventions (constructive, destructive, oscillatory) must be declared
before measurement to ensure reproducibility.

* Conservation: Coherence amplification remains bounded by the kernel ceiling, ensuring radiance
scaling is sovereign and auditable.

Thus, the complex coherence operator provides the oscillatory backbone of SRL, ensuring radiance
scaling reflects collective synchronization across equilibrium, driven, and relativistic regimes.

Its exponents contribute differently depending on the regime:
* Equilibrium regime

y=28t+n+gq

(6%) dominates, declaring constructive coherence under equilibrium conditions.
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* Driven regime
y=206"-86)+n+q—x

6% — 8~ quantifies constructive vs destructive coherence, with dissipation x enforcing bounded
contraction.

* Oscillatory regime
y =206, +i5)+n+gq

(0, +i0;) encodes oscillatory modulation, while w and A declare frequency and amplitude
dependence of coherence.

* Extreme relativistic regime
y=28"+n+@+p)+ti—y+z

(6%) persists as constructive coherence, extended by relativity (p), Information entropy (1),
Dissipation () and temporal symmetry (7), ensuring synchronization remains sovereign in curved

spacetime.

* Unified identity:
y'=264+n+q+f(6%,6,6,+i6,m,A)

Complex coherence extends synchronization with frequency (w)and amplitude (A), declaring
oscillatory modulation across driven regimes.
2.10 Unified Closure Identity
Native Closure Identity (SRL backbone)
y=20+n+gq

e 26 : Kernel + coherence scaling.
e 1 : Geometry scaling exponent.
¢ g :Gate/threshold contribution.
This remains the sovereign backbone of SRL — compact, auditable, and deterministic.
* Unified Closure Identity (SRL)

y'=28+n+q+f(p, .1, H 1,k 3,67,67,6,+i6)
Here, the function declares the contributions of the extended operators:
e Relativity (p, k, T},) : curvature, horizon, and spacetime effects.
e Collapse () : saturation, unity, or breakdown enforcement.
e Information (z, H, IT) : entropy, hidden channels, paradox resolution.

e Dissipation (x,;, ) : leakage, back-flow, environmental coupling.
e Coherence modifiers (6%,67, 8, + i§;) : constructive, destructive, and oscillatory synchronization.

Page 26 of 70



Semantics of Closure

e Continuity: The native closure identity is preserved; the unified identity extends it without
breaking the ledger.

* Auditability: Each operator’s contribution is explicit, ensuring reproducibility across domains.

¢ Universality: Closure applies across equilibrium, non-equilibrium, curved, dissipative, and
informational regimes.

e Sovereignty: Radiance scaling remains bounded by the kernel ceiling ®,,,,, regardless of
extensions.

Unified Role

The closure identity is the sovereign ledger of SRL. It declares how kernel, geometry, gate,
coherence, collapse, relativity, information, dissipation, and complex operators combine into a
single auditable equation. By preserving the native backbone while extending into new domains,
the unified closure identity ensures SRL remains universal, reproducible, and sovereign across all
physical and informational contexts.
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Chapter 3: First principles, and law statement

Radiance scaling is governed by a compact set of first principles that are introduced axiomatically.
These principles define the behavior of native operators and establish the Scalar Radiance Law
(SRL) as a sovereign framework. The law is universal in scope yet interpretable at the atomic level,
ensuring both generality and physical grounding.

3.1 Universal first principles

SRL begins from native principles and each principle is stated as a constraint on how radiance can
grow with temperature.

Energy ceiling (thermal kernel):
e Radiance is bounded by an accessible energy reservoir at temperature 7. The reservoir grows
monotonically and remains non-negative.

Mode allocation (geometry):

* The number of admissible radiative modes increases with the system’s effective dimensionality
and accessible bandwidth. Geometry determines how rapidly mode availability expands as
temperature rises.

Threshold activation (gate):
* Radiance pathways are not all open at once. As temperature increases, thresholds activate
smoothly, adding new channels without discontinuities.

Collective emission (coherence):
* Emitters may act independently or in synchrony. Collective synchronization can amplify
radiance beyond simple addition, but amplification remains bounded.

Controlled contraction (collapse):
e Under declared conditions, accessible radiance contracts smoothly. Contraction preserves
positivity, continuity, and boundedness.

Axiomatic governance:
¢ All operators obey positivity, monotonicity, separability, conservation, entropy monotonicity, and
discrete continuity. These axioms are the guardrails of SRL.

3.2 Atomic interpretation (microscopic grounding)
Each universal principle admits a direct, physically meaningful mapping to atomic or microscopic
behavior. This interpretation is illustrative—not prescriptive—and demonstrates how SRL connects
to matter.
* Thermal kernel — atomic energy access:

e Meaning: Temperature sets the maximum energy atoms can collectively access for emission.

e Effect: As T rises, the accessible energy pool increases; at very high T, the pool approaches a

ceiling ®,, .

* Geometry — atomic state proliferation:
e Meaning: Effective dimensionality (bulk, sheet, wire, dot) governs how many atomic states can
contribute to emission.
e Effect: Higher dimensionality yields faster growth in accessible states; confinement reduces the
rate but preserves monotonicity.
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* Gate — atomic thresholds:
e Meaning: Activation points (e.g., band gaps, plasma frequencies, binding energies) determine
when new atomic transitions contribute.
o Effect: Crossing a threshold temperature 7,
e opens additional transitions; opening is smooth and bounded.

* Coherence — collective atomic synchronization:
e Meaning: Atoms can radiate in phase (super-radiant or phase-locked behavior) or
independently.
e Effect: Synchronization increases effective emission strength; independence yields additive but
unamplified radiance.

* Collapse — contraction of accessible atomic states:
e Meaning: Disorder, saturation, or competing processes can reduce the set of states that
contribute to emission.
o Effect: Contraction begins at a declared onset 7" *
e and proceeds smoothly, never producing negative or discontinuous radiance.

This mapping shows that SRL's operators are not abstractions detached from physics—they
correspond to concrete, testable features of atomic systems while remaining valid for non-atomic
emitters (plasmas, biological emitters, macroscopic sources).

3.3 Axioms (formal constraints)

SRL is governed by six axioms. They apply to each operator and to their composition.
¢ Positivity:
o Statement: All operators and radiance are non-negative for all accessible 7'.
e Implication: No operator can drive radiance below zero.
* Monotonicity:
e Statement: Operator outputs are non-decreasing functions of T within their declared regimes.
e Implication: Radiance capacity does not diminish as temperature rises; contractions are
declared and smooth.
* Separability:
e Statement: Under weak coupling, operators compose multiplicatively without cross-terms.
e Implication: Each operator’s semantics remain independent; measurement protocols can isolate
contributions.
* Conservation:
e Statement: Radiance is bounded above by the thermal kernel ceiling.
e Implication: No composition can exceed Omax .
* Entropy monotonicity:
e Statement: Radiance-weighted entropy is non-decreasing with T.
e Implication: The law forbids negative-entropy excursions in accessible regimes.
* Discrete continuity:
e Statement: Transitions across thresholds or collapse onsets are continuous in T.
e Implication: No jumps or singularities are permitted in the composed radiance.

Page 29 of 70



3.4 Law statement

(Scalar Radiance Law).

Given a system at temperature T, radiance is governed by the sovereign composition of native
operators, each introduced axiomatically and bounded by positivity, monotonicity, separability,
conservation, entropy monotonicity, and discrete continuity.

The operators are:

e Thermal kernel O(T) : establishes the maximum energy ceiling accessible at temperature T.

e Geometry Z[A;]: encodes the proliferation of admissible radiative modes according to
dimensionality.

 Gate o/[®D, O] : governs the smooth activation of thresholds as temperature rises.

e Coherence €[S]: determines whether emitters act independently or in synchrony, amplifying
radiance when collective states emerge.

e Collapse A(T, T*) : provides bounded contraction when limiting conditions reduce accessibility,
ensuring continuity and conservation.

Then the radiance of the system is uniquely determined by the multiplicative composition of these
operators:

R(T)=0(T)-C[A;]- H[D,0B]-B[S]- AT, T*).
With units R(T) = W - m-2 - sr-1

Therefore, radiance growth with temperature is a deterministic outcome of operator interaction.
where kernels represent energy, gates represent activation of transitions, geometry encodes
dimensional proliferation of states, and coherence captures collective oscillations.

Corollary (Universal Scaling Identity):
From the semantics of the operators and the governing axioms, the leading slope of radiance
growth with temperature is given by:

y=20+n+q.

where ¢ is the coherence exponent, 7 the gate exponent, and g the geometry index. This identity is
the measurable fingerprint of SRL, invariant under bounded corrections provided subdominant
exponents satisfy u < y.

Auditability:

The law is auditable under declared regimes: ceiling bounds for O(T"), geometry class and index g,
threshold onsets and gate strength #, coherence indicators and exponent 8, and collapse onset T * .
With these declarations, measurements can isolate operator contributions and verify separability.

Falsifiability:

The law is falsifiable by its measurable consequence. If, under declared regimes, the extracted
exponents fail to satisfy y = 20 + 1 + g, SRL does not hold for that system or regime. Such failure
is local to the regime; the law remains testable across domains.

Therefore, radiance growth with temperature is a deterministic outcome of operator interaction,
universally applicable, empirically auditable, and falsifiable.
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3.5 Unified Closure Identity

The native Scalar Radiance Law (SRL) achieves closure through five sovereign operators: thermal
kernel, geometry, gate, coherence, and collapse. This yields the deterministic scaling identity:

y=20+n+gq

where § is the coherence exponent, 7 the gate exponent, and g the geometry index.
This identity is auditable, falsifiable, and complete for equilibrium systems.

However, in driven, oscillatory, and extreme relativistic regimes, radiance scaling is influenced by
additional modifiers. The Unified Closure Identity extends the native ledger to incorporate
relativity, temporal symmetry, information entropy, dissipation, and complex coherence, ensuring
SRL remains sovereign across all contexts.

Unified Closure Identity (Compact Form)
y'=26+n+q+f(p,t,1,y,6%,67,6,+1i65)

¢ (p) : Relativity factor — curvature and horizon effects.

¢ (t) : Temporal symmetry modifier — phase rotation and time-translation breaking.

¢ (1) : Information entropy factor — hidden channels, entropy constraints, paradox resolution.
* (y) : Dissipation factor — leakage, backflow, environmental coupling.

0(5+,5_,5,+i5i): Coherence modifiers — constructive, destructive, and oscillatory
synchronization.
This compact form emphasises sovereign categories — relativity, time symmetry, entropy,

dissipation, and coherence — making the law auditable and conceptually clear.
Unified Closure Identity (Expanded Ledger Form)
v'=26+n+q+f(p, .1, H 1Lk, p,5%,67,6, +i5)

e H : Entropy index — quantifies radiance-weighted entropy growth.

o II : Paradox resolution term — ensures completeness in black hole evaporation or horizon
contexts.

e k;, f : Dissipation sub-parameters — leakage strength and backflow rate.

This expanded form enumerates measurable sub-parameters for laboratory protocols, ensuring
reproducibility and falsifiability in experimental contexts.

Equivalence of Forms

Both compact and expanded forms are mathematically equivalent.

* The compact form emphasizes conceptual sovereignty.

* The expanded form enumerates measurable parameters for experimental audit.

* Together, they provide dual reflections of SRL: one optimised for theoretical clarity, the other for
laboratory precision.
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Semantics

¢ Native backbone: y = 26 + 1 + g remains valid in equilibrium contexts.

e Unified ledger: y’ extends the backbone when modifiers activate.

e Continuity: Transitions between native and unified closure are smooth; no discontinuities are
permitted.

¢ Boundedness: All contributions remain below the kernel ceiling ®,,, ..

e Auditability: Modifier conventions (compact vs expanded) must be declared before
measurement to ensure reproducibility.

Axiomatic Alignment

e Positivity: y’ > 0.

* Monotonicity: Modifier contributions increase smoothly with temperature or regime activation.

e Separability: Native operators and modifiers compose multiplicatively without cross-terms.

* Conservation: Radiance remains bounded by the kernel ceiling.

® Discrete continuity: Transitions across thresholds, collapse onsets, and modifier activations are
continuous.

Unified Role

The Unified Closure Identity secures SRL as a sovereign transfer function for radiance scaling.

e It preserves the native backbone for equilibrium systems.

e It extends into non-equilibrium, oscillatory, and relativistic regimes through modifiers.

e [t provides dual reflections: compact form for conceptual clarity and expanded form for
experimental audit.

Thus, SRL remains universal, auditable, and falsifiable across all domains.
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Chapter 4: Methodology — Data-to-exponent protocol

The Scalar Radiance Law requires a universal protocol that translates experimental measurements
into operator exponents. This protocol is designed to be invariant across domains, ensuring that
radiance scaling remains auditable and falsifiable. The law itself is expressed through the
composition of the thermal kernel, geometry, gate, coherence, and collapse operators, while the
measurable fingerprint is given by the identity

y=20+n+gq.
The methodology provides the means by which these parameters are extracted from data.

The purpose of the protocol is threefold. First, it establishes a reproducible sequence of steps that
begins with the declaration of operator choices and ends with the computation of exponents.
Second, it defines how experimental observables are mapped onto SRL operators, recognising that
while the law is universal, the measurement hooks vary by domain. Third, it secures governance
through pre-registration, segmentation of regimes, error propagation, and falsifiability conditions,
thereby ensuring that SRL remains sovereign and scientifically rigorous.

The workflow is structured around five stages: declaration, segmentation, slope extraction,
exponent inversion, and audit. Declaration fixes geometry class, gate thresholds, coherence
indicators, and collapse onset before analysis begins. Segmentation partitions the data into
low-band, crossover, and saturation regimes, each corresponding to a distinct operator
configuration. Slope extraction computes the elasticity of radiance with respect to temperature,
providing the measurable slope y. Exponent inversion applies the universal identity to isolate J, 7,
and g. Audit enforces error budgets and falsifiability, rejecting SRL locally if decomposition fails.

This methodology is universal in structure but adaptable in application. In astrophysical contexts,
thresholds may correspond to atmospheric absorption bands; in condensed matter systems, they
may appear as emissivity activation or quenching; in quantum experiments, they may manifest as
contextually rotations. Regardless of domain, the same sovereign workflow applies, ensuring that
SRL can be tested consistently across disciplines.

4.1 Pre-registration

The application of the Scalar Radiance Law requires that all operator choices and conventions are
declared prior to data analysis. The following steps define the standard protocol:

1. System classification

The emitting system is assigned a geometry index g according to dimensionality: bulk (g = 3),
sheet (¢ = 2), wire (¢ = 1), or dot (g = 0) . Measurement bands and the temperature domain are
specified, including expected gate thresholds 7, and collapse onset 7" *.

2. Normalization convention

One of two admissible conventions is selected:

¢ Ceiling-centric: multipliers &, &/, ¢, A < 1, with physical units carried by the thermal kernel
o(T).

e Amplification-explicit: multipliers may exceed unity, but radiance remains bounded by the
kernel ceiling.

The chosen convention is fixed for the entire analysis.
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3. Operator priors

Geometry index g is declared from system classification. Gate thresholds 7, are listed as expected
onset temperatures. Collapse onset T * is specified for regimes where contraction may occur.
Coherence indicators are defined in advance to allow extraction of the coherence exponent o.

4. Error budgets

Instrumental resolution for temperature and radiance is recorded. Calibration drift and systematic
offsets are quantified. Segmentation tolerances are defined for regime boundaries. Propagation
rules are specified for uncertainties in g, 7, 6, and the composite slope y :

6, =1/ 02+ 07+ (20,)?

5. Audit trail
Dataset identifiers, instrument specifications, calibration procedures, and preprocessing steps are
documented. All declarations are stored in a pre-registration record prior to analysis.

6. Falsifiability criteria
In regimes where the collapse operator is inactive (A = 1), the measured slope must satisfy the
universal identity

_dInR
~ dInT

4 —-e®@=q+n+26

within the declared error budget. Failure to satisfy this condition results in rejection of SRL for that
regime. This rule enforces falsifiability and ensures that operator exponents cannot be retrofitted
after measurement.

4.2 Data acquisition and calibration

Radiance measurements are obtained as a function of temperature, expressed in watts per square
meter per steradian. Temperature is recorded in kelvin using calibrated sensors with declared
resolution. Auxiliary observables relevant to operator extraction, including spectral irradiance,
band intensities, correlation functions, and confinement lengths, are collected simultaneously. All
observables are defined prior to measurement to ensure transparency in operator mapping.

1. Calibration procedures
Calibration is performed before data collection and documented in the audit trail.

e Temperature calibration: Sensors are referenced against certified standards at fixed points (e.g.,
ice point, boiling point, and intermediate references). Calibration curves are fitted, residuals are
recorded, and drift is checked by repeating reference measurements at the end of acquisition.

* Radiance calibration: Instruments are referenced against a traceable blackbody or calibrated
lamp. Responsively curves are measured across spectral bands, and linearity is verified by
stepping input levels. Zero offsets are corrected, and scale factors are applied.

* Spectral calibration: Wavelength registration is performed using emission lines from a reference
source. Bandpass filters are characterised for transmission, and dark current or stray-light
contributions are measured and subtracted.

* Geometric calibration: Aperture area and solid angle are measured or computed, and alignment
of the optical axis is verified.

Page 34 of 70



2. Sampling density

Sampling intervals are declared in advance. Fine resolution is applied near gate thresholds 7, and
collapse onset T * to capture activation and contraction behavior. Coarser resolution is applied in
monotonic regions where radiance growth is smooth. Stability criteria are enforced by holding
temperature until fluctuations fall below the declared tolerance, and multiple frames are averaged
per point.

3. Uncertainty quantification

Instrumental resolution, calibration residuals, and drift are combined to define temperature
uncertainty. Radiance uncertainty is derived from responsivity error, linearity correction, dark/
stray-light corrections, and geometric factors. These uncertainties are propagated to slope
calculations according to

o, = \/aqz + 0',3 + (205)2

4. Audit trail

All datasets are assigned identifiers and stored with metadata including instrument specifications,
calibration procedures, and preprocessing steps. Preprocessing operations, such as smoothing or
normalization, are documented explicitly. This ensures that radiance-temperature curves and
auxiliary observables remain traceable and reproducible across laboratories.

4.3 Regime segmentation

Radiance-temperature data are partitioned into distinct regimes to isolate operator contributions.
Segmentation is performed prior to slope extraction and follows pre-declared criteria.

1. Low-band regime

Defined as the temperature interval below the first gate threshold 7,.. Radiance growth is governed
primarily by the thermal kernel and geometry operator. Segmentation boundaries are fixed at the
onset of the first declared gate.

2.Crossover regime

Defined as the interval between gate thresholds 7, and collapse onset T *. Radiance growth
reflects activation of additional pathways and coherence effects. Segmentation boundaries are fixed
at declared gate onsets and extended until contraction indicators appear.

3. Saturation regime

Defined as the interval beyond collapse onset T *. Radiance growth approaches the thermal
kernel ceiling, and contraction or quenching effects dominate. Segmentation boundaries are fixed
at the declared collapse onset.

Segmentation is executed using elasticity and curvature criteria. The slope exr = dInR/dInT is
computed across the dataset, and inflection points are compared with declared thresholds.
Boundaries are adjusted within the declared tolerance to align with observed transitions. Each
regime is assigned a unique identifier, and segmentation metadata are stored in the audit trail.

4.4 Slope extraction

Radiance-temperature data within each segmented regime are analysed to determine the elasticity
of radiance with respect to temperature. The slope is defined as
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_ dinR
~ dinT

ERT

where R is radiance and T is temperature. This quantity represents the measurable growth rate of
radiance relative to thermal scaling.

1. Computation method

* Logarithmic transformation is applied to radiance and temperature data.

® Local derivatives are computed using finite differences or regression fits across declared
intervals.

e Slope values are averaged within each regime to reduce noise, with uncertainty propagated from
measurement errors.

2. Correction for kernel elasticity
The thermal kernel contribution is subtracted to isolate operator effects:

Y = Err — €0

where &g is the elasticity of the thermal kernel. This corrected slope y is the fingerprint used for
exponent inversion.

3. Resolution policy

e Fine resolution is enforced near thresholds 7,. and collapse onset T * .

¢ Coarser resolution is acceptable in monotonic regions.

e Stability criteria require averaging multiple frames per point to suppress fluctuations.

4. Uncertainty handling

¢ Slope uncertainty is computed by propagating instrumental and calibration errors.
* Confidence intervals are reported for each regime.

e Outliers are flagged but retained in the audit trail.

Slope extraction provides the measurable quantity y that links experimental data to operator
exponents. This step completes the transition from raw radiance-temperature curves to the
universal identity required for exponent inversion.

4.5 Exponent inversion

The corrected slope y obtained from radiance-temperature data is decomposed into operator
exponents using the universal identity. This step isolates the contributions of geometry, activation,
and coherence.

1. Identity application
The governing relation is
y=20+n+gq.
valid in regimes where the collapse operator is inactive (A = 1) . Here, g is the geometry index, 7 is
the activation exponent, and 6 is the coherence exponent.
2. Geometry assignment
The geometry index q is fixed from system classification during pre-registration. No adjustment is
permitted during inversion.
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3. Activation exponent extraction
The activation exponent 5is isolated by comparing slope values across gate thresholds 7,
Incremental changes in y at gate onset are attributed to activation, with uncertainty propagated

from segmentation tolerances.

4. Coherence exponent extraction

The coherence exponent 0 is determined from spectral narrowing, correlation functions, or
collective oscillation indicators declared in pre-registration. The contribution is doubled in the
identity to reflect coherence amplification.

5. Consistency check
The sum g + 1 + 26 is compared against the measured y. Agreement within the declared error
budget validates the decomposition. Disagreement results in rejection of SRL for that regime.

4.6 Error propagation

Uncertainty analysis is performed to ensure that operator exponents and composite slopes are
reported with reproducible confidence intervals. Error sources are quantified during calibration
and acquisition and propagated through each stage of analysis.

1. Primary uncertainties

¢ Temperature: Sensor resolution, calibration residuals, and drift.

* Radiance: Responsivity error, linearity correction, dark current subtraction, stray-light correction,
and geometric factors.

* Segmentation: Boundary tolerances around gate thresholds 7. and collapse onset T *

2. Slope uncertainty

The elasticity &gy = dInR/dInTis computed with propagated uncertainties from both radiance
and temperature. Corrections for kernel elasticity &g are included, yielding the corrected slope .
The uncertainty in y is expressed as

o, = \/aqz + 0,3 + (265)2

3. Exponent uncertainties

e Geometry index g :Fixed by system classification; uncertainty arises only from confinement
verification.

e Activation exponent 7 :Uncertainty derived from slope changes at gate thresholds, including
segmentation tolerance.

e Coherence exponent 6 : Uncertainty derived from reproducibility of coherence indicators
(spectral narrowing, correlation functions).

4. Propagation rules

All uncertainties are propagated using standard error combination rules. Confidence intervals are
reported at the 95% level unless otherwise declared. Outliers are retained in the audit trail but
excluded from averaged fits.

5. Auditability

Error budgets, propagation rules, and confidence intervals are documented alongside dataset
identifiers. This ensures that reported exponents and slopes can be independently verified and
reproduced.
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4.7 Auditability and falsifiability

All operator declarations, calibration records, segmentation boundaries, slope extractions, and
exponent inversions are documented in the audit trail. Dataset identifiers, instrument
specifications, calibration procedures, and preprocessing steps are stored with full metadata to
ensure reproducibility across laboratories.

Falsifiability is enforced through the identity test. In regimes where the collapse operator is
inactive (A = 1), the corrected slope must satisfy

_dInR
~ dInT

4 -e®@=qg+n+26

within the declared error budget. Failure to satisfy this condition results in rejection of SRL for that
regime. Rejection events are documented explicitly, including slope values, operator estimates, and
uncertainty intervals.

Auditability requires that all raw data, calibration records, segmentation criteria, slope
calculations, and inversion steps remain accessible for independent verification. Each stage of
analysis is linked to its pre-registration record, ensuring that operator values cannot be retrofitted
after measurement. This framework secures transparency, reproducibility, and falsifiability of the
Scalar Radiance Law.

Application of the Scalar Radiance Law
All methodological steps are structured around the governing law of radiance,
R(T)=0(T)-ZC[A;] - A[DP,0]-C[S]- AT, T*).

Pre-registration fixes each operator prior to analysis, ensuring sovereignty and reproducibility.
Data acquisition and calibration provide the measured radiance R(7') and auxiliary observables
®, S required for activation and coherence mapping. Regime segmentation partitions the dataset
according to gate thresholds 7.and collapse onset T *, aligning measurement intervals with
operator domains. Slope extraction differentiates the measured law to obtain the corrected slope v,
which is then inverted into operator exponents through the identity y =g +#5 +26. Error
propagation quantifies uncertainties in each operator contribution, and auditability with
falsifiability enforces the law by requiring that measured slopes satisfy the declared identity within
error budgets. In this way, the methodology operationalises the law statement, transforming the
multiplicative operator form of R(T") into measurable, testable, and reproducible quantities.

4.8 Modifier Extraction Protocols

The native methodology establishes how radiance exponents are extracted from equilibrium data
using kernel, geometry, gate, coherence, and collapse operators. To extend SRL into driven,
oscillatory, and relativistic regimes, additional protocols are required. These protocols declare how
unified modifiers—relativity, temporal symmetry, information entropy, dissipation, and complex
coherence—are measured and audited. They ensure that SRL remains sovereign, auditable, and
falsifiable across all domains.

Relativity Factor (p)

* Measurement: Compare radiance scaling in flat versus curved geometries.

* Hooks: Horizon temperature shifts, redshift suppression, aperture contraction.

e Protocol: Fit deviations from native geometry scaling to extract p .

 Audit: Relativity convention (flat, curved, horizon) must be declared before measurement.
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Temporal Symmetry Modifier ()

* Measurement: Detect oscillatory phase rotations in radiance curves.

* Hooks: Time-crystal oscillations, phase-locked emitters.

* Protocol: Fit radiance fluctuations to extract rotation frequency and phase factor z.

* Audit: Temporal symmetry convention (phase rotation vs time-translation breaking) must be
declared.

Information Entropy Factor (1)

* Measurement: Quantify entropy suppression or hidden channel activation.

» Hooks: Black hole evaporation, entropy paradox tests, hidden radiance channels.
e Protocol: Map entropy index H and paradox resolution term ITinto z .

* Audit: Entropy convention (low vs high entropy regime) must be declared.

Dissipation Factor (y)

* Measurement: Quantify leakage and backflow in radiance curves.

* Hooks: NDTR junctions, phonon back-flow, dissipative channels.

e Protocol: Extract dissipation strength k; and backflow rate .

e Audit: Dissipation convention (leakage vs reinjection) must be declared.

Complex Coherence (6%,67,6, + i6,)
® Measurement: Fit constructive amplification, destructive suppression, and oscillatory
modulation.
* Hooks: Interference patterns, oscillatory emitters, phase-locked quantum systems.
* Protocol:
o Amplification curve — 6.
e Suppression curve — 0~ .
e Oscillatory fit — 6, + i6;.
* Audit: Coherence convention (constructive, destructive, oscillatory) must be declared.

Error Budget Propagation

* Modifier errors must be propagated alongside native exponents:

e Absolute error: Radiance deviation W - m—2 - sr—1.

* Relative error: Deviation relative to kernel ceiling.

» Modifier errors: Declared separately for p, ,1, ¥, 6,67,5, + i6;.

* Audit: Error budgets must be reported with both compact and expanded closure identities.

Unified Audit Protocol

e Native check: Verifyy =26 +n +gq.

* Unified check: Verify y’ with modifiers included.

¢ Declaration: Compact vs expanded closure identity must be declared before measurement.
¢ Replication: Modifier extraction must be reproducible across laboratories.

Unified Role

Native workflow remains sovereign, while modifier extraction protocols ensure relativity, temporal
symmetry, entropy, dissipation, and complex coherence are measurable and auditable. Together,
they guarantee reproducibility and falsifiability across equilibrium and non-equilibrium domains.
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Chapter 5: Validation Protocols

Validation protocols ensure that the Scalar Radiance Law (SRL) is not only a theoretical framework
but a scientifically auditable law. They define how operator exponents (8,7, g)and collapse
thresholds (T*) are extracted across domains, how reproducibility is enforced, and how
falsifiability is secured.

5.1 Domain-Specific Hooks
Each physical domain provides unique observables that map onto SRL operators. Validation
requires identifying these hooks in advance:
¢ Condensed Matter & Nano science
e Hooks: emissivity spectra, band gap activation, phonon thresholds.
e Protocol: measure radiance vs. temperature in bulk, sheets, wires, dots; extract geometry index
g
e Plasma Physics
e Hooks: plasma frequency thresholds, collective oscillations.
e Protocol: identify gate activation at 7, coherence amplification via collective modes.
e Astrophysics & Cosmology
e Hooks: stellar emission curves, cosmic microwave background scaling, horizon temperatures.
e Protocol: validate kernel ceiling © detect relativity operator effects near horizons.
* Climate & Atmospheric Science
» Hooks: infrared absorption bands, greenhouse thresholds.
e Protocol: gate activation via absorption onset, collapse via saturation of emission bands.
* Biophysics
e Hooks: fluorescence thresholds, collective protein emission.
e Protocol: coherence mapping via synchronized emission, collapse via quenching.
¢ Quantum Information
e Hooks: cavity QED thresholds, time-crystal oscillations.
e Protocol: validate complex operator X [0, + iJ;], coherence amplification in quantum emitters.

max’/

5.2 Regime Validation

Validation requires testing SRL across the three universal regimes:

» Low-band regime: bandwidth-driven scaling; slope extraction isolates geometry exponent g.
e Saturation regime: ceiling-limited scaling; collapse operator A(7, T *) enforces boundedness.
e Crossover regime: matched asymptotics; coherence and gate operators dominate.

Beyond native domains, SRL must be validated in extended regimes where modifiers dominate:
* Relativistic Regime

e Hooks: black hole radiance, curved spacetime emission.

e Protocol: measure horizon temperatures, redshift suppression, aperture contraction.
¢ Informational Regime

e Hooks: entropy paradox tests, hidden channel activation.

e Protocol: extract entropy index H and paradox resolution term II.
¢ Dissipative Regime

e Hooks: NDTR junctions, phonon back-flow, leakage channels.

e Protocol: measure dissipation strength k; and backflow rate j.
e Complex Regime

» Hooks: oscillatory emitters, phase-locked quantum systems.

e Protocol: fit oscillatory coherence exponents o, + i6; .
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5.3 Error Budgets

Validation protocols enforce strict error accounting:

e Absolute error: deviation in radiance measurement W - m-2 - sr—1.

e Relative error (%): deviation relative to kernel ceiling.

e Modifier errors: declared separately for p, 1,1, y,6 +,0 —,0, +16;.

e Propagation: errors must be carried through slope extraction, exponent inversion, and regime
classification.

5.4 Falsifiability Conditions
SRL is falsifiable by its measurable consequence:

¥y =206 +n +q.(native)
y'=20+n+q+f(p,t,1,y,56%,67,5, +id;) (unified)

e Condition: If extracted exponents fail to satisfy the declared identity under pre-registered
regimes, SRL does not hold locally.

* Local falsification: Failure applies only to the tested regime.

e Global validity: The law remains testable across other domains.

¢ Declaration: Falsifiability conditions must be stated before measurement to ensure scientific
rigour.

5.5 Replication Protocols

Validation requires replication across laboratories:

¢ Pre-registration: operator definitions and expected exponents declared before measurement.

e Independent replication: multiple labs must reproduce exponents within declared error budgets.

e Cross-domain replication: SRL must hold across condensed matter, astrophysics, plasma, climate,
biophysics, and quantum systems, and extended regimes.

Unified Role

Validation protocols secure SRL’s legitimacy as a universal law. They ensure that operator
exponents and modifier parameters are measurable, reproducible, and falsifiable across both
native and extended regimes. By enforcing pre-registration, error budgets, falsifiability, and
replication, validation transforms SRL from a theoretical framework into a sovereign scientific law.
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Chapter 6: Regime Classification

Regime classification declares the universal contexts in which radiance scaling manifests. SRL
identifies three native regimes — low-band, saturation, crossover — and extends them into
non-equilibrium, relativistic, informational, and dissipative regimes. Each regime is defined by
operator dominance, measurable fingerprints, and falsifiability conditions.

6.1 Low-Band Regime (Bandwidth-Driven Scaling)
* Definition: Radiance growth dominated by geometry and kernel.
e Operators active: Kernel ©(T"), Geometry G[A7].
¢ Fingerprint:
rRq

* Behavior:

¢ At low temperatures, only a fraction of modes are active.

e Radiance growth is proportional to dimensionality (bulk, sheet, wire, dot).
¢ Extended Modifiers:

e Relativity: negligible.

e Information: entropy minimal, channels transparent.

e Dissipation: weak leakage.

e Complex: oscillations absent.

6.2 Saturation Regime (Ceiling-Limited Scaling)
¢ Definition: Radiance growth bounded by kernel ceiling ®,,, . .
e Operators active: Kernel ceiling, Collapse A(T, T*).
¢ Fingerprint:
y —> 0asT—>T*
* Behavior:
e Radiance approaches ceiling smoothly.
e Collapse enforces bounded contraction.
¢ Extended Modifiers:
e Relativity: horizon effects enforce redshift suppression.
e Information: entropy dominates, hidden channels vanish.
e Dissipation: leakage strong, radiance redistributed.
o Complex: oscillations damped, coherence collapses.

6.3 Crossover Regime (Matched Asymptotics)
¢ Definition: Radiance growth shaped by gate activation and coherence.
e Operators active: Gate A[®D, O], Coherence C[S].
¢ Fingerprint:
y=20+n+q

e Behavior:

e Thresholds open smoothly at 7.

e Coherence amplifies collective emission.
¢ Extended Modifiers:

e Relativity: curvature shifts thresholds.

e Information: entropy modifies activation slopes.

» Dissipation: leakage alters coherence strength.

o Complex: oscillations emerge, radiance fluctuates.
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6.4 Extended Regimes
Beyond the native three, SRL admits extended regimes when exotic operators dominate:
* Relativistic Regime
e Dominated by relativity factor p .
e Radiance scaling modified by curvature, horizons, spacetime aperture.
e Fingerprint: redshift suppression, horizon temperature shifts.
¢ Informational Regime
e Dominated by entropy factor 1.
e Radiance constrained by entropy, hidden channels, paradox resolution.
e Fingerprint: entropy index H, paradox resolution term I1.
¢ Dissipative Regime
e Dominated by dissipation factor y.
e Radiance suppressed or redistributed by leakage and backflow.
o Fingerprint: dissipation strength k,, backflow rate (3.
¢ Complex Regime
e Dominated by complex coherence exponents.
e Radiance oscillatory, phase-rotating, or time-crystal in nature.
e Fingerprint: oscillatory modulation 6, + i ;.

6.5 Auditability Across Regimes

¢ Declaration: Regime must be declared before measurement.

* Segmentation: Data segmented into low-band, saturation, crossover, or extended regimes.
* Falsifiability: If exponents fail to satisfy declared identities, SRL is rejected locally.

* Replication: Regime fingerprints must be reproducible across laboratories.

Unified Role

Regime classification transforms SRL from a law into a map of universal behaviors. It shows how
radiance scaling shifts from geometry-driven growth (low-band), to ceiling-limited saturation, to
threshold-activated crossover, and finally into extended regimes shaped by relativity, information,
dissipation, and complex coherence.
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Chapter 7: Governance and Falsifiability

Governance protocols ensure SRL is not only a theoretical identity but a scientifically legitimate
law. They declare how operators are defined, how measurements are conducted, how errors are
reported, and how falsifiability is enforced. Governance secures reproducibility, transparency, and
sovereignty across domains.

7.1 Pre-Registration of Operator Definitions
* Requirement: All operator conventions (kernel ceiling, geometry class, gate thresholds, coherence
indicators, collapse onset) must be declared before measurement.
e Purpose: Prevents post-hoc fitting or selective reporting.
¢ Protocol:
e Declare geometry index g.
e Declare gate threshold 7,
e and baseline convention (strictly closed vs baseline-open).
e Declare coherence indicators and expected exponent 9.
e Declare collapse onset 7" *.
¢ Auditability: Pre-registration ensures transparency and reproducibility.

7.2 Modifier Governance

Extended regimes require explicit governance of modifiers:

* Relativity (p) : declare convention (flat vs curved spacetime, horizon context).

e Temporal Symmetry (¢) : declare convention (phase rotation vs time-translation breaking).

e Information Entropy (1) : declare entropy convention (low vs high entropy, paradox resolution).

e Dissipation () : declare dissipation convention (leakage vs reinjection, backflow rate).

e Complex Coherence 6%, 67, 0, +16;) :declare coherence convention (constructive, destructive,
oscillatory).

Governance requires that modifier conventions be pre-registered before measurement, ensuring
reproducibility across laboratories.

7.3 Error Budget Propagation

e Absolute error: Deviation in radiance measurement W - m~2 - sr—1.

e Relative error (%): Deviation relative to kernel ceiling ®,, , ..

e Modifier errors: Must be declared separately for p, 1,1, y, 6%, 67, 0, +16;.

* Propagation: Errors must be carried through slope extraction, exponent inversion, and regime
classification.

* Reporting: Error budgets must accompany both native and unified closure identities

7.4 Falsifiability Conditions
SRL is falsifiable by its measurable consequence:
y =206 +n + q. (native)

'=26+n+q+f(p,t,1,y,6%,67,6,+i5;) (unified)

e Condition: If extracted exponents fail to satisfy the declared identity under pre-registered
regimes, SRL does not hold locally.

* Local falsification: Failure applies only to the tested regime.

* Global validity: The law remains testable across other domains.

¢ Declaration: Falsifiability conditions must be stated before measurement to ensure scientific
rigour.
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7.5 Replication Protocols

e Independent replication: Multiple laboratories must reproduce exponents within declared error
budgets.

e Cross-domain replication: SRL must hold across condensed matter, astrophysics, plasma, climate,
biophysics, quantum systems, and extended regimes.

* Governance: Replication secures SRL’s legitimacy as a universal law.

7.6 Governance Ledger

Governance protocols are recorded in a sovereign ledger:

e Operator declarations (geometry, gate, coherence, collapse).
 Modifier declarations (p, 1,1, ¥,6%,67,5, + i5,) .

e Error budgets (absolute and relative).

» Falsifiability conditions (identity checks).

e Replication records (cross-lab validation).

This ledger ensures SRL remains auditable, reproducible, and sovereign.

Unified Role

Governance and falsifiability secure SRL's legitimacy as a scientific law. By enforcing
pre-registration, error budgets, modifier governance, falsifiability, and replication, SRL transcends
theory and becomes a sovereign framework for universal radiance scaling. Governance ensures
that SRL is not only internally consistent but externally legitimate, reproducible, and falsifiable
across all domains.
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Chapter 8: Proofs of the Scalar Radiance Law

The Scalar Radiance Law is established through a sequence of lemmas that formalize its axioms.
Each lemma isolates a governing principle—factorization, conservation, entropy monotonicity, and
discrete continuity—and demonstrates its validity under operator composition. Together, they
culminate in the theorem of SRL and its measurable consequence, the universal scaling identity.

* Lemma 1 (Factorization)

Statement.

The operator product is asymptotically separable.
Proof.

Radiance is defined by five native operators:

R(T)=0O(T)-ZC[A;] - L[D,0O] - 6[S]- AT, T*).

Each operator is introduced axiomatically with independent semantics:
e The thermal kernel ®(7 )governs the accessible energy ceiling.

e Geometry &[A] allocates admissible modes.

e The gate A[®, O] activates thresholds smoothly.

e Coherence @[S Jamplifies synchrony among emitters.

e Collapse A(T, T *) contracts accessibility under limiting conditions.

Separability requires that cross-terms between operators vanish in the asymptotic limit. This
follows from scale separation: the kernel ceiling does not depend on geometry class, gate
thresholds do not alter coherence indicators, and collapse onset is declared independently. Under
weak coupling, each operator varies monotonically in its own regime, ensuring multiplicative
independence.

Therefore, radiance is asymptotically separable into the product of native operators, establishing
factorization as the structural backbone of SRL.

* Lemma 2 (Conservation)

Statement.

Radiance is bounded by the energy ceiling.

Proof.

The thermal kernel ®(7") defines the maximum accessible energy at temperature T. Geometry, gate,
coherence, and collapse are dimensionless multipliers constrained by positivity and boundedness.
None can exceed unity in their declared regimes.

Formally, there exist finite envelopes such that

0< %A] <G 0<ADO] <A,, 0<ES]<C

ax?’ —_ max? —_ max?

0< AT, T*) < 1.
Thus, radiance satisfies

R(T)=0O(T) - C[A;] - 4[®,0]-B[S]- A(T,T*) < OT) - Gy Ay - C

ax " “‘max * “max -
Since O(T) itself is bounded by the ceiling ®m a x, conservation follows:
R(T)<Omax.
This ensures that radiance growth is always contained within the physical energy ceiling imposed

by the kernel, preserving compatibility with the conservation axiom.
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* Lemma 3 (Entropy Monotonicity)
Statement.
Radiance-weighted entropy is non-decreasing with temperature.
Proof.
Define the normalized spectral distribution of radia}r;ce as
P, T)=—5 w1
Io R, T)dv

and the radiance-weighted entropy as
o0

SR(T) = —J pw, T)Inpw,T)dv
0

Each operator in SRL is monotone in its declared regime:

e The thermal kernel ®(T )increases with temperature, expanding the accessible energy reservoir.
e Geometry &[A;] enlarges mode allocation as dimensionality and bandwidth grow.

e The gate A[®, O] opens progressively, activating new pathways.

e Coherence €[S Jamplifies synchrony without reducing baseline emission.

e Collapse A(T, T *) contracts accessibility smoothly but remains bounded and continuous.

Because the operator product preserves monotonicity, the spectral distribution p(v, T) evolves by
majorization: higher temperatures redistribute radiance across modes without reducing entropy.
Consequently,

dSRT) o
dT

ensuring that radiance-weighted entropy is non-decreasing with temperature. This establishes
compatibility with the second law of thermodynamics.

* Lemma 4 (Discrete Limit)

Statement.

Finite mode systems converge to the continuum law.

Proof.

The geometry operator Z[A;] encodes mode allocation. In finite systems, radiance is expressed as
a discrete sum over available modes. As the number of modes increases, the sum converges to a
continuous integral.

This convergence preserves the universal scaling identity, ensuring that finite systems approach
the continuum law smoothly. Thus, SRL applies consistently across discrete and continuous
regimes.

* Lemma 5 (Relativity )

Statement.

Curvature and horizon effects, encoded by the relativity factor p, modify the effective aperture of
geometry but preserve boundedness, monotonicity, and separability under SRL.

Proof.

The geometry operator in unified SRL is expressed as:

G[Ar, pl = G[A7] - f(p)

where f(p) is a dimensionless modifier representing curvature and horizon effects.
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Boundedness:
As temperature increases, A; grows monotonically. The relativity factor f(p) is independent of T
and smooth across curvature regimes. Therefore,

d
—_G[Arp]>0
dT [Az.p]

ensuring monotonicity is preserved.

Separability:
Relativity modifies only the aperture term. It does not couple directly to kernel, gate, coherence, or
collapse operators. Thus, cross-terms vanish in the asymptotic limit, preserving factorization.

Continuity:
Horizon effects (e.g., redshift suppression) act smoothly as limiting functions. No discontinuities
are introduced in mode proliferation.

Therefore, relativity contributes additively to the unified closure identity:
Y =26+n+q+p

without violating the governing axioms of positivity, monotonicity, separability, conservation,
entropy monotonicity, or discrete continuity.

Conclusion.
The relativity factor p is a legitimate sovereign modifier. It extends SRL into curved spacetime and
horizon contexts while preserving the law’s axiomatic foundation.

* Lemma 6 (Temporal Symmetry)

Statement.

Temporal symmetry, encoded by the phase rotation factor z, introduces oscillatory modulation into
radiance scaling but preserves continuity, boundedness, and separability under SRL.

Proof.

In the unified SRL, temporal symmetry is expressed as a unitary phase factor:

Tlz] =e”

which multiplies the native operator product without altering its magnitude.
Boundedness:
Since |e' | =1, temporal symmetry cannot increase or decrease the absolute radiance. It only
rotates the phase of emission channels. Thus,

R(T)-e"<0,,,
ensuring conservation is preserved.
Continuity:

The function e’® is smooth and continuous for all real 7. Oscillatory modulation introduces periodic
variation but no discontinuities. Therefore, discrete continuity is preserved.
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Separability:
Temporal symmetry acts multiplicatively and independently of kernel, geometry, gate, coherence,
and collapse operators. Cross-terms vanish in the asymptotic limit, preserving factorization.

Monotonicity:

While temporal symmetry introduces oscillations, the underlying radiance envelope remains
monotonic in temperature. The oscillatory factor modulates phase but does not reverse the
monotonic growth of @(T").

Therefore, temporal symmetry contributes additively to the unified closure identity:
y'=20+n+q+r7

without violating the governing axioms of positivity, monotonicity, separability, conservation,
entropy monotonicity, or discrete continuity.

Conclusion.
The temporal symmetry factor 7 is a legitimate sovereign modifier. It extends SRL into oscillatory
and time-crystal regimes while preserving the law’s axiomatic foundation.

Lemma 7 (Information Entropy)

Statement.

Information entropy, encoded by the factor 1, ensures that radiance-weighted entropy remains
non-decreasing with temperature, even when hidden channels or paradox resolution terms are
active.

Proof.

In the unified SRL, entropy contributions are expressed as:

1] = I[H +11]

where H is the entropy index and IT is the paradox resolution term (e.g., black hole evaporation,
horizon information balance).

Boundedness:
Both H and II are dimensionless modifiers constrained by positivity. They cannot exceed unity in
their declared regimes. Thus, entropy contributions remain bounded relative to the kernel ceiling.

Monotonicity:

As temperature increases, radiance redistributes across accessible modes. Hidden channels may
activate, but entropy redistribution follows majorization:

di
—2>0
dT

ensuring entropy monotonicity is preserved.
Separability:

Entropy contributions act multiplicatively and independently of kernel, geometry, gate, coherence,
and collapse operators. Cross-terms vanish in the asymptotic limit, preserving factorization.
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Continuity:
Both H and Il vary smoothly with temperature. Even in paradox contexts (e.g., horizon
evaporation), entropy redistribution is continuous, ensuring discrete continuity is preserved.

Therefore, information entropy contributes additively to the unified closure identity:
yY'=20+n+q+1

without violating the governing axioms of positivity, monotonicity, separability, conservation,
entropy monotonicity, or discrete continuity.

Conclusion.
The information entropy factor : is a legitimate sovereign modifier. It extends SRL into
informational and paradox regimes while preserving the law’s axiomatic foundation.

Lemma 8 (Dissipation)

Statement.

Dissipation, encoded by the factor x, modifies the effective ceiling of radiance through leakage and
back-flow but preserves positivity, bounded contraction, and continuity under SRL.

Proof.

In the unified SRL, collapse with dissipation is expressed as:

ATLT * .0 = NMLT*) - f()
where f(y) is a dimensionless modifier representing leakage strength k; and back-flow rate f.

Boundedness:
Dissipation reduces accessible radiance but cannot exceed unity. Formally,

0<fn =1
ensuring that radiance remains bounded by the kernel ceiling:
R(T)<0O,,,.

Positivity:
Dissipation acts as a contraction, never producing negative radiance. Thus,

R(T)-f(x) 2 0.

Continuity:
Leakage and back-flow vary smoothly with temperature. No discontinuities are introduced,
ensuring discrete continuity is preserved.

Separability:

Dissipation modifies only the collapse operator. It does not couple directly to kernel, geometry,
gate, or coherence operators. Cross-terms vanish in the asymptotic limit, preserving factorization.
Therefore, dissipation contributes additively to the unified closure identity:

y'=204+n+qg+y
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without violating the governing axioms of positivity, monotonicity, separability, conservation,
entropy monotonicity, or discrete continuity.

Conclusion.
The dissipation factor y is a legitimate sovereign modifier. It extends SRL into dissipative and
non-equilibrium regimes while preserving the law’s axiomatic foundation.

Lemma 9 (Complex Coherence)

Statement.

Complex coherence, encoded by the exponents 6,87, and &, +id;, introduces constructive,
destructive, and oscillatory synchronization into radiance scaling but preserves separability,
boundedness, and continuity under SRL.

Proof.

In the unified SRL, coherence is expressed as:

C[S,5%,67,8, + i8] = C[S]-f(6%,867,5,+i6)

where f(6%,67,5,+i5;) is a dimensionless multiplier representing collective synchronization
effects.

Boundedness:
Constructive coherence (6%)amplifies radiance, destructive coherence (67)suppresses it, and
oscillatory coherence (0, + ;) modulates it periodically. All remain bounded by the kernel ceiling:

R(T)-f(6%.67.5,+i6)<©,,,, .

Positivity:
Even under destructive interference, radiance cannot become negative. Suppression reduces
accessible emission smoothly but preserves positivity:

R(T) > 0.

Continuity:
Coherence terms vary smoothly with temperature and phase. Oscillatory modulation introduces
periodic variation but no discontinuities, ensuring discrete continuity is preserved.

Separability:
Coherence modifies only the synchronization operator. It does not couple directly to kernel,
geometry, gate, or collapse operators. Cross-terms vanish in the asymptotic limit, preserving
factorization.

Therefore, complex coherence contributes additively to the unified closure identity:
yV'=264+n+q+ @t —56"+6,+i5)

without violating the governing axioms of positivity, monotonicity, separability, conservation,
entropy monotonicity, or discrete continuity.

Conclusion.
The complex coherence exponents 6,57, 8, + i§; are legitimate sovereign modifiers. They extend
SRL into oscillatory and phase-locked regimes while preserving the law’s axiomatic foundation.
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* Unified Theorem of the Scalar Radiance Law

Statement.

From Lemmas 1-9 and the Reinjection Corollary, radiance growth with temperature is uniquely
determined by the product of native operators and extended modifiers. The measurable
consequence is a regime-wise closure identity:

Piecewise Definition of y
1. Equilibrium Regime
y =26"+n+gq

e Interpretation: In equilibrium systems, radiance scaling is governed by constructive coherence
(6™), gate slope (1), and geometry index (g).
e Context: Applies to bulk materials, sheets, wires, and dots under monotonic thermal growth.

2. Driven Regime (Non-Equilibrium / NDTR)
y=20"-6)+n+q-x

e Interpretation: In driven systems, destructive coherence (67)and dissipation (y)modify the
equilibrium law.
e Context: Applies to NDTR junctions, phonon back-flow, and dissipative channels.

3. Oscillatory Regime (Time-Crystal / Phase-Locked)
r =20,+i5)+n+gq

e Interpretation: In oscillatory systems, complex coherence (J,+id;) dominates, producing
phase-rotating or time-crystal modulation.

 Context: Applies to oscillatory emitters, phase-locked quantum systems, and time-translation
breaking states.

4. Extreme Relativistic Regime (Curved Spacetime / Entropy Paradox)
y=2"4+n+@+p)+1—y+r

e Interpretation: In relativistic systems, geometry is modified by curvature (p), entropy channels
(1) activate, dissipation (y) contracts accessibility, and temporal symmetry (7)introduces phase
rotation.

* Context: Applies to black holes, curved spacetime radiance, and information paradox
environments.

Explanation of Terms

e 5% : equilibrium coherence ( > 0)

e 6 : driven anti-coherence ( < 0, activates in NDTR)

e 5, + i9; : complex coherence (oscillatory / time-crystal states)

e 11 : gate slope (thermal/entropy link)

e g : geometry index (baseline dimensionality)

e p : relativity operator (curved/dynamical geometry near horizons)
¢ 1 : information entropy operator (hidden channels, paradoxes)
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e v : dissipation operator (losses, backflow)
e 7 : temporal symmetry operator (time-translation breaking)

5. Unified Closure Identity
Bringing all regimes together, the Unified Extended SRL is expressed as:

y'=254+n+q+f(p,t.1,x6%,67,6, +id) (unified)
where f( - ) represents regime-specific activation of modifiers.

* Corollary (Reinjection Corrections)

Statement.

Reinjection terms are subdominant relative to the universal scaling identity.

Proof.

Reinjection represents recycling or re-feeding of radiance into the accessible pool. Its exponent u
satisfies u < y, wherey = 26 + 1 + q is the leading slope of radiance growth.

Because reinjection is bounded and monotonic, it cannot alter the dominant scaling behavior. It
contributes only secondary adjustments that remain finite relative to the kernel ceiling. Thus, the
universal identity is invariant under reinjection.
* (Scalar Radiance Law)
From Lemmas 1-4 and the Reinjection Corollary, radiance at temperature T is uniquely determined
by the product of native operators:

R(T)=0(T)-Z[A;] - L[DP,0]-C[S]- AT, T*).
The measurable consequence is the universal scaling identity:

y=20+n+gq

where J is the coherence exponent, 77 the gate exponent, and g the geometry index.

Therefore, radiance growth with temperature is deterministic, auditable, falsifiable, and robust to
bounded corrections such as reinjection.

SRL's proof structure demonstrates that radiance is not only formally declared but empirically
testable. The lemmas ensure separability, conservation, entropy monotonicity, and discrete
continuity, while the reinjection corollary confirms robustness. Together, they make the law
universally applicable across physical, biological, and astrophysical domains.
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* Unified Scalar Radiance Law (Extended Form)
From Lemmas 1-9 and the Reinjection Corollary, radiance at temperature T is uniquely determined
by the product of native operators and extended modifiers.

R(T)=0O(T) - G[A,p]-A[D,B] - C[S,6%,67,6,+i6]- AT, T *, y)-T[z]-I[1]

Unified Closure Identity (General Form).
v =26+n+q+f(p,7,1,x,6%,67,8.+1i6)

where f( - ) represents regime-specific activation of modifiers.
Conclusion.
Therefore, radiance growth with temperature is deterministic, auditable, falsifiable, and robust to
bounded corrections such as reinjection, across both native and extended domains. The
equilibrium law is the backbone, while driven, oscillatory, and relativistic extensions are proven to

obey the same axioms. Together, they form the Unified Extended Scalar Radiance Law, sovereign
across equilibrium and non-equilibrium regimes.
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Chapter 9: Parameter Semantics
The universal scaling identity of the Scalar Radiance Law,
y=20+n+gq

requires precise interpretation of its parameters. Each exponent encodes a distinct physical
mechanism: coherence, threshold gating, and geometry. Together, they define the slope of radiance
growth with temperature and provide a framework for experimental extraction.

9.1 Coherence Exponent (9)

0 quantifies collective amplification among emitters. It measures the degree to which radiance
increases beyond independent emission due to phase alignment or cooperative effects.

Semantics:

¢ 5 = 0 : Independent emitters, no coherence.

e 6 > 0 : Partial or full coherence, leading to super-radiant scaling.
e Larger ¢ : Stronger synchrony, sharper radiance growth.

Experimental Extraction:

® Measure radiance growth in systems with controlled coherence (e.g. lasers, super-radiant
ensembles, photosynthetic complexes).

e Compare slopes of radiance vs. temperature between coherent and incoherent regimes.

¢ Fit the excess slope to determine 0.

9.2 Gate Exponent (7)

n characterises threshold activation. It measures how sharply radiance growth begins once a
critical condition (temperature, density, or excitation level) is crossed.

Semantics:

¢ Small #: Gradual onset, broad activation.

e Large #: Sharp onset, narrow threshold window.
« 17 reflects the steepness of the activation curve.

Experimental Extraction:

e Identify threshold conditions (e.g., plasma ignition, band-gap crossing, cavity resonance).
* Record radiance growth immediately above threshold.

» Fit the slope of activation onset to extract .

9.3 Geometry Index (q)

q encodes dimensional proliferation of modes. It reflects how radiance scales with the number of
accessible states in a given geometry.

Semantics:

¢ g = 1 :Linear systems (nanowires, waveguides).

e g = 2 : Planar systems (films, membranes).

e g = 3 : Volumetric systems (bulk solids, gases, stars).

e Fractional g: Reduced dimensionality or fractal geometries.
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Experimental Extraction:

e Classify system geometry (1D, 2D, 3D, or fractional).

* Measure radiance scaling across dimensional transitions (e.g., thin films vs. bulk).
» Fit slope contributions to determine g.

9.4 Equilibrium Coherence Exponent (67)

6% quantifies constructive synchronization among emitters in equilibrium systems. It measures
radiance amplification due to in-phase alignment.

Semantics:

e 5T =0: Independent emission, no coherence.

e 57 > 0: Constructive coherence, super-radiant scaling.
e Larger 6': Stronger synchrony, sharper radiance growth.

Experimental Extraction:

* Measure radiance growth in coherent ensembles (lasers, super-radiant states).
e Compare slopes vs. incoherent baselines.

* Fit excess slope to determine 57 .

9.5 Driven Anti-Coherence Exponent (67)

0~ quantifies destructive synchronization in driven systems. It measures radiance suppression due
to out-of-phase emission.

Semantics:

¢ 6~ = 0: No suppression, baseline emission.

¢ 0~ < 0 :Destructive coherence, reduced scaling.

e Larger |0~ |: Stronger suppression, sharper contraction.

Experimental Extraction:

® Measure radiance in NDTR junctions or dissipative channels.
¢ Identify suppression relative to equilibrium scaling.

e Fit reduced slope to determine 6~

9.6 Complex Coherence Exponent (5, + i6;)
0, +16; encodes oscillatory/time-crystal coherence. It measures alternating amplification and
suppression due to phase rotation.

Semantics:

e 5, : Real part, amplitude modulation.

¢ 9, : Imaginary part, phase rotation.

* Together: Oscillatory scaling, periodic modulation.

Experimental Extraction:

* Detect radiance oscillations in time-crystal or phase-locked systems.
¢ Fit periodic modulation curves.

e Extract 0, (amplitude) and §,(phase).
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9.7 Relativity Operator (p)
p quantifies curvature and horizon effects. It measures aperture modification in curved spacetime.

Semantics:

e p = 0: Flat geometry, baseline aperture.

e p > 0: Curved geometry, reduced aperture.
e Larger p: Stronger horizon suppression.

Experimental Extraction:

¢ Compare radiance scaling near curved vs. flat domains.
¢ Fit aperture modification factor.

e Extract p from deviation in geometry index.

9.8 Information Entropy Operator (1)

1 quantifies hidden channels and paradox resolution. It measures entropy redistribution in
informational regimes.

Semantics:

¢ 1 = 0: No hidden channels.

¢ 1 > 0 : Hidden channels active, entropy redistributed.
e Larger 1: Stronger paradox resolution.

Experimental Extraction:

* Measure radiance-weighted entropy curves.

* Detect hidden channel activation (e.g., horizon evaporation).
e Fit redistribution slope to determine 1 .

9.9 Dissipation Operator ()

X quantifies leakage and back-flow. It measures contraction of accessible radiance in dissipative
systems.

Semantics:

¢ v = 0: No dissipation, baseline scaling.

e ¥ > 0: Leakage present, reduced accessibility.
e Larger y : Stronger contraction.

Experimental Extraction:

* Measure radiance reduction relative to equilibrium baseline.
e Fit contraction slope to determine y.

e Extract y from leakage /back-flow curves.

9.10 Temporal Symmetry Operator (7)
7 quantifies time-translation breaking. It measures oscillatory modulation due to phase rotation.
Semantics:

e 7 = 0 : Time-translation symmetry preserved.
e 7 # 0: Symmetry broken, oscillatory modulation.
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e Larger 7: Stronger phase rotation.

Experimental Extraction:

* Detect oscillatory modulation in relativistic/ time-crystal systems.
* Fit phase rotation curves.

¢ Extract t from oscillatory slope.

9.11 Protocols for Experimental Extraction
To ensure reproducibility, exponents must be extracted under declared protocols:

1. Declare operator regimes.

e Identify coherence indicators (6%,57, 5, + i5)).
¢ Declare threshold conditions ().

e Classify geometry (g, p).

¢ Note modifiers (z, y, ) when relevant.

2. Perform controlled sweeps.
¢ Vary temperature or excitation systematically.
* Record radiance growth curves across equilibrium, driven, oscillatory, and relativistic regimes.

3. Fit slopes.

e Isolate contributions of coherence (6%,67,8, +i5;), gate () ,geometry (g,p), entropy (1),
dissipation (), and temporal symmetry (7).

* Verify separability by testing independence of each operator regime.

4. Cross-check consistency.
e Confirm that the measured exponents satisfy the unified universal identity:

y'=28+n+q+f(p,7,1,x6%,67,6,+i5)
9.12 Implications

¢ Auditability:

* Each exponent is measurable through independent protocols, ensuring transparency and
reproducibility across laboratories.

¢ Universality:

* The same parameters apply across astrophysical, biological, condensed matter, plasma, and
relativistic systems, securing SRL’s reach.

* Falsifiability:

* Deviations from the closure identity indicate either experimental error or breakdown of SRL in
that regime, ensuring scientific rigour.

* Sovereignty:

¢ Parameters are intrinsic to SRL, declared from first principles, not borrowed from legacy
constants or distributions.
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Chapter 10: Applications and Legacy

The Scalar Radiance Law (SRL), in its unified extended form, is not merely a theoretical construct.
Its operators and modifiers narrate real systems across equilibrium, driven, oscillatory, and
extreme relativistic regimes. This chapter demonstrates how each regime applies in practice,
anchoring SRL's legacy as a sovereign law of radiance scaling.

10.1 Equilibrium Applications
Closure identity:
y=26"+n+gq

* Condensed Matter:
e Bulk materials (3D, ¢ = 3) — radiance scaling follows equilibrium coherence (6%)and gate
slope (17) .
e Thin films (2D, g = 2) — reduced aperture but monotonic scaling.
e Nanowires (1D,q = 1)and quantum dots (0D,q = 0) — geometry severely limits mode
expansion, yet SRL remains valid.

e Plasma Physics:
e Equilibrium plasmas exhibit monotonic radiance growth governed by kernel ceiling and
geometry index.
o Coherence exponent 6 captures collective oscillations without destructive interference.

* Biophysics:
« Biological light processes (photosynthesis, fluorescence) follow equilibrium SRL scaling.
o Coherence exponent §* narrates constructive synchronization in molecular emitters.

Legacy:
Equilibrium SRL anchors radiance scaling in classical domains, ensuring reproducibility across
condensed matter, plasma, and biological systems.

10.2 Driven Applications
Closure identity:
y=20"-6)+n+q-x

e NDTR Junctions:
 Negative differential thermal resistance (NDTR) activates destructive coherence (7).
e Dissipation () contracts accessibility, reducing effective radiance slope.

* Phonon Back-Flow:
e Driven phonon channels exhibit leakage and reinjection.
e Dissipation operator y quantifies back-flow losses.

* Dissipative Channels:
e Non-equilibrium systems (open quantum systems, chemical reactions) — radiance scaling
reduced by y.
o Gate slope 7 still governs activation, but destructive coherence modifies scaling.

Legacy:
Driven SRL narrates non-equilibrium systems where losses, leakage, and destructive coherence
dominate. It ensures falsifiability in dissipative contexts.
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10.3 Oscillatory Applications
Closure identity:
r=20,+i0)+n+gq

¢ Time Crystals:
o Oscillatory coherence (6, +i5;) governs radiance modulation in time-translation breaking
states.
¢ Radiance scaling becomes periodic, yet remains bounded and auditable.
¢ Phase-Locked Quantum Emitters:
e Quantum dots and lasers exhibit oscillatory synchronization.
e Complex coherence terms narrate alternating amplification and suppression.
¢ Oscillatory Biological Systems:
e Circadian light emission and rhythmic bioluminescence — coherence modulation captured by
O, +i9;.

Legacy:
Oscillatory SRL extends radiance scaling into time-crystal physics and phase-locked systems,
proving that periodic modulation is sovereign yet falsifiable.

10.4 Extreme Relativistic Applications
Closure identity:
y=2"+n+@+p)+i—y+r

¢ Black Holes:
o Relativity operator p modifies aperture near horizons.Information entropy operator : narrates
hidden channels and paradox resolution (Hawking radiation).
« Dissipation y contracts accessibility as energy leaks across horizons.
® Curved Spacetime Radiance:
o Geometry index g extended by relativity factor p .
e Radiance scaling remains bounded by kernel ceiling, even in curved domains.
¢ Entropy Paradox Environments:
e Information paradox resolved by 1, ensuring entropy monotonicity.
e Temporal symmetry 7 introduces phase rotation in relativistic oscillations.

Legacy:
Extreme relativistic SRL anchors radiance scaling in black hole physics, curved spacetime, and

entropy paradox contexts. It ensures that even horizon-scale phenomena remain auditable and
falsifiable.

10.5 Unified Legacy

The Unified Extended SRL is sovereign across all regimes:

¢ Equilibrium: native backbone.

¢ Driven: dissipative and NDTR contexts.

* Oscillatory: time-crystal and phase-locked systems.

e Extreme relativistic: black holes, curved spacetime, entropy paradox.

Conclusion:

SRL is not only a law of equilibrium radiance but a universal transfer function narrating systems
from condensed matter to black holes. Its legacy lies in being deterministic, auditable, falsifiable,
and sovereign across all physical domains.
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Chapter 11: Universal Regimes

Radiance growth under the Scalar Radiance Law is not uniform; it exhibits distinct regimes
depending on which operator dominates. These regimes—low-band, saturation, and crossover—
provide a universal classification of radiance behavior across physical systems.

11.1 Low-Band Regime: Bandwidth-Driven Scaling

In the low-band regime, radiance growth is governed primarily by the geometry operator. The
number of accessible modes is limited by bandwidth, and radiance scales according to the
geometry index q.

Characteristics.

¢ Radiance slope dominated by g.

e Coherence and gate contributions remain subdominant.

* Typical in reduced-dimensional systems (nanowires, thin films, confined cavities).

Implication.
This regime provides direct experimental access to geometry exponents, allowing verification of
dimensional scaling.

11.2 Saturation Regime: Ceiling-Limited Scaling

At high excitation or temperature, radiance approaches the kernel ceiling. The thermal kernel ©(T")
dominates, bounding radiance growth.

Characteristics.

» Radiance slope flattens as ceiling is approached.

* Geometry, gate, and coherence contributions saturate.

e Typical in bulk solids, stellar atmospheres, and dense plasmas.

Implication.
This regime confirms conservation: radiance cannot exceed the kernel ceiling, ensuring physical
consistency.

11.3 Crossover Regime: Matched Asymptotics

Between low-band and saturation, radiance growth is governed by matched asymptotics. Gate and
coherence exponents balance geometry, producing a composite slope.

Characteristics.
* Radiance slope reflects the full identity:
y=200+n+gq

* Threshold activation and coherence amplification become measurable.
¢ Typical in systems transitioning from independent emission to collective radiance.

Implication.
This regime is the most informative experimentally, as it reveals the interplay of all exponents.
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11.4 Smooth Transitions and Universality

A defining feature of SRL is that transitions between regimes are smooth. Operator families

interpolate continuously, ensuring no discontinuities in radiance growth.

* Low-band — Crossover: Geometry dominance gradually yields to gate and coherence
contributions.

e Crossover — Saturation: Composite scaling flattens as the kernel ceiling is approached.

e Universality: The same regime structure applies across astrophysical, biological, condensed
matter, plasma, and quantum systems.

11.5 Implications

* Auditability: Each regime isolates operator dominance, allowing targeted experimental
verification.

¢ Universality: Regimes recur across domains, confirming SRL’s scope.

e Falsifiability: Deviations in regime transitions provide direct tests of SRL.

e Sovereignty: Smooth transitions demonstrate that SRL is internally complete, requiring no
external constants or distributions.

Unified Ledger Note:
Together, these implications secure the sovereign closure identity:

y'=2+n+q+f(p,7,1,x6%,67,6,+i5)
By isolating operator dominance, confirming recurrence across domains, and ensuring smooth

transitions, SRL guarantees that y’ remains auditable, falsifiable, and universal across equilibrium,
driven, oscillatory, and extreme relativistic regimes.
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Chapter 12: Corrections

While the Scalar Radiance Law (SRL) establishes a sovereign scaling identity, real systems often
exhibit secondary effects. These corrections refine radiance behavior but do not alter the leading
identity. Their role is stabilizing, ensuring smooth convergence across regimes while preserving the
universality of the law.

12.1 Reinjection as a Subdominant Stabilizer
Reinjection refers to the recycling or re-feeding of radiance into the accessible pool.
Role:
e Acts as a stabilizer, damping fluctuations in radiance growth.
e Its exponent y is strictly less than the leading slope 7.
e Ensures invariance of the universal identity:
U<y =y =206+n+ g remains dominant
Implication.
Reinjection cannot break the law; it only smooths local variations.
Declaration: Corrections such as reinjection are declared as y < 1, ensuring they remain explicitly
subdominant and cannot alter the sovereign closure identity.

12.2 Infrared Tail Refinement

Infrared corrections adjust contributions from low-frequency modes, where radiance tails extend
beyond the dominant scaling window.

Role:

* Provides refinement in spectral fits, particularly in astrophysical and condensed matter systems.
* Remains bounded and subdominant relative to the kernel ceiling.

* Ensures that low-frequency deviations do not distort the universal slope.

Implication.

Infrared tails improve precision but do not alter the identity.

12.3 Bounded Corrections
All corrections introduced under SRL are bounded by construction.
Role:
¢ Dimensionless multipliers constrained between finite limits.
¢ Cannot exceed unity or invert monotonicity.
¢ Serve only as refinements, never as dominant terms.
Implication.
Bounded corrections guarantee sovereignty: SRL remains closed and independent, with corrections
acting as stabilizers rather than structural components. Because they are bounded, corrections
cannot alter the sovereign closure identity:
y'=28+n+q+f(p,7,1,x6%,67,6,+i6)
They serve only to smooth local variations, ensuring that y’ remains auditable, falsifiable, and
universal across all regimes.

12.4 Implications

e Auditability: Corrections can be measured and quantified, but their bounded nature ensures
transparency.

e Universality: The same correction types recur across astrophysical, biological, plasma, and
condensed matter systems.

» Falsifiability: If corrections exceed the leading identity, SRL fails locally, providing a direct test.

* Sovereignty: Corrections refine but never redefine the law, preserving independence from legacy
frameworks.
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Chapter 13: Universality Across Domains

The Scalar Radiance Law (SRL) is sovereign in its formulation yet universal in its applicability. Its
operator framework—kernel, geometry, gate, coherence, and collapse—extends seamlessly across
diverse domains of physics and science. Each domain provides distinct experimental regimes
where the universal scaling identity

y=20+n+gq
can be tested, audited, and falsified.

13.1 Astrophysics & Cosmology

e Stars: Radiance scaling in stellar atmospheres is governed by collapse operators, with geometry
reflecting volumetric expansion.

* Galaxies: Collective emission from galactic plasmas reveals coherence contributions at large
scales.

* Cosmic Backgrounds: The universal identity applies to the cosmic microwave background,
where geometry and gate exponents dominate low-band scaling.

13.2 Condensed Matter & Nano science

e 2D Materials: Geometry index ¢ = 2 governs radiance scaling in graphene and thin films.
e Nanowires & Quantum Dots: Reduced dimensionality provides direct tests of fractional g.
¢ Bulk Solids: Saturation regimes confirm ceiling-limited scaling in volumetric systems.

13.3 Plasma Physics

e Fusion Plasmas: Gate exponents 7 dominate ignition thresholds in confinement experiments.

e Solar Corona: Coherence exponents d capture collective oscillations in astrophysical plasmas.

¢ Laboratory Plasmas: Discrete limit lemmas apply directly to finite mode systems in controlled
plasma chambers.

13.4 Climate & Atmospheric Science

e Earth’s Radiative Balance: Geometry and gate operators govern atmospheric emission and
absorption.

e Planetary Atmospheres: Collapse operators capture bounded contraction in dense planetary
layers.

e Auroral Processes: Coherence exponents describe synchronized radiance in magnetospheric
emissions.

13.5 Biophysics

e Bioluminescence: Coherence exponent d quantifies synchronized emission in collective
bioluminescent organisms.

e Photosynthesis: Gate exponents 7 capture activation thresholds in light-harvesting complexes.

* Vision: Collapse operators describe bounded contraction in photoreceptor response.

13.6 High-Energy Physics

e Synchrotron Radiation: Geometry index g governs mode proliferation in particle accelerators.
e Particle Decays: Gate exponents capture threshold activation in radiative decay channels.

e Collective Emission: Coherence exponents quantify amplification in entangled particle states.
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13.7 Geophysics

* Volcanic Emissions: Collapse operators govern bounded contraction in geothermal radiance.

* Geothermal Systems: Geometry exponents capture dimensional scaling in subsurface emission
pathways.

13.8 Quantum Information

e Cavity QED: Coherence exponent 6 measures collective amplification in entangled emitters.

e Quantum Networks: Gate exponents 7 capture activation thresholds in radiance transfer.

e Entangled Emitters: Geometry index gencodes dimensional proliferation in quantum
architectures.

13.9 Implications

* Universality: SRL applies across astrophysics, condensed matter, plasma physics, climate science,
biophysics, high-energy physics, geophysics, and quantum information.

e Auditability: Each domain provides measurable exponents, ensuring transparency.

e Falsifiability: Deviations from the universal identity indicate either experimental error or
breakdown of SRL locally.

* Sovereignty: The law remains independent, requiring no external constants or legacy
distributions.

Unified Ledger Note:
These implications secure the sovereign closure identity:

y'=28+n+q+f(p,7,1,x6%,67,6,+i6)
By demonstrating universality across domains, ensuring auditability of exponents, and declaring

falsifiability through deviations, SRL guarantees that y’remains auditable, falsifiable, and
sovereign in every physical context.
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Chapter 14: Glossary of Operational Constructs

The Scalar Radiance Law (SRL) is built entirely from native operators and unified modifiers.

This glossary provides a consolidated ledger of constructs, ensuring clarity, reproducibility, and
sovereignty across all domains.

Each entry declares semantics, role, and contribution to the closure identity.

14.1 Native Operators

e Thermal Kernel (6) :
e Semantics: Governs the ceiling of radiance growth with temperature.
* Role: Backbone exponent; ensures positivity and monotonicity.
e Closure Contribution: Appears as 26 in all regimes.

» Geometry (1) :
e Semantics: Declares dimensional scaling (3D bulk, 2D sheets, 1D wires, 0D dots).
e Role: Structural aperture; quantifies proliferation of modes.
e Closure Contribution: Adds 7 to the closure identity.

» Gate (g¢) :
e Semantics: Threshold activation; opens radiance pathways at critical temperatures.
e Role: Sovereign threshold term; tied to band gaps, plasma frequencies, activation energies.
o Closure Contribution: Adds g to the closure identity.

e Coherence (6%,67,6, +i5;) :
e Semantics: Declares constructive, destructive, and oscillatory synchronization.
« Role: Amplifies, suppresses, or modulates radiance.
e Closure Contribution: Appears in regime-specific expansions (driven, oscillatory).

* Collapse:
e Semantics: Enforces bounded contraction and saturation.
e Role: Closure ledger term; prevents divergence.
o Closure Contribution: Couples with dissipation (y) in extreme regimes.

14.2 Unified Modifiers
* Relativity (p) :
e Semantics: Curvature and horizon effects in spacetime.
e Role: Extends geometry into relativistic domains.
e Closure Contribution: Adds p in extreme relativistic regimes.

» Temporal Symmetry (7) :
e Semantics: Phase rotation and time-translation breaking.
e Role: Declares oscillatory rotation in time crystals and relativistic contexts.
e Closure Contribution: Adds 7 in relativistic regimes.

* Information Entropy (1) :
e Semantics: Hidden channels, paradox resolution, entropy flow.
* Role: Declares informational sovereignty.
e Closure Contribution: Adds 1 in relativistic and informational regimes.
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* Dissipation () :
¢ Semantics: Leakage, back-flow, environmental contraction.
e Role: Contraction ledger term; reduces effective ceiling.
e Closure Contribution: Subtracts y in driven and relativistic regimes.

 Complex Coherence (6%,67,5, + i5, w, A) :
¢ Semantics: Frequency and amplitude modulation.
* Role: Declares oscillatory sovereignty.
e Closure Contribution: Appears in oscillatory expansions.

14.3 Regime Identities
¢ Equilibrium:

y=25Y+n+gq
¢ Driven:
y=206"=8)+n+q—x
* Oscillatory:
r =20, +id)+n+gq
e Extreme Relativistic:
y=2"+n+@+p)+ti—y+z
¢ Unified Closure Identity:

y'=26+n+q+f(p,7,1,x6%,67,8.+1i6)

14.4 Corrections
e Reinjection (y) :
e Recycling stabilizer; always subdominant (u < y).
¢ Infrared Tail Refinement:
e Adjusts low-frequency contributions without altering slope.
¢ Bounded Corrections:
¢ Dimensionless multipliers, constrained, never dominant.

14.5 Governance Protocols

¢ Pre-registration: Declare operator definitions before measurement.
e Error Budgets: Propagate uncertainties into y and y .

¢ Replication: Cross-laboratory verification.

e Falsifiability: Explicit rejection criteria if y fails.
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14.6 Standardised Notation Ledger

Symbol  Name / Construct Semantics Role in SRL Framework
P Thermal Kernel Responsiveness of radiance Backbone term; appears as
Exponent growth with temperature 20 in closure identity
Dimensional scaling (3D bulk, ) .
n Geometry Exponent 2D sheets, 1D wires, 0D dots) Adds 7 to closure identity
q Gate Exponent Threshold activation term Adds g to closure identity
p Ry MR .Curvatur'e and horizon effects Addfs pin extr‘eme
in spacetime relativistic regimes
. Temporal Symmetry Phase rotation and Adds 7 in relativistic
Modifier time-translation breaking regimes
. Information Entropy Hidden channels, paradox Adds 1 in informational
Modifier resolution regimes
b4 Dissipation Modifier Leakage, back-flow Subt.ra‘cts.)( m fir1ven/
relativistic regimes
5t Constructive Synchronization that amplifies Appears in equilibrium
Coherence radiance and relativistic regimes
_ Destructive Synchronization that L .
) . Appears in driven regimes
Coherence suppresses radiance
Bbfs |Gl Caltemes .Oscﬂ%atory modulation (real + ApPears in oscillatory
imaginary parts) regimes
T Temperature Independent variable driving Universal input
kernel growth
T * Il T —— Declaresﬁ onset of bounded Couples kernel with
contraction collapse operator
T. Critical Threshold Onset of gate activation Defines gate opening
Temperature
o(T) Thermal Kernel Declares radiance growth with Backbone kernel term
Function temperature
(C Kernel Ceiling Sover.elgn ceiling of radiance Uppe'r‘bound in ceiling
capacity condition
Dissipation s .
1 h
Ky Coefficient Quantifies leakage strength Couples with y
H Horizon Factor Relativistic horizon effects Couples with p
I Collapse Gate Bounded contraction operator Ensures SO
prevents divergence
s . Governs responsiveness of
P Activation Slope Steepness of gate opening thresholds
o Firagjirey Tanm Oscillatory modulation Appears in complex
frequency coherence
A Amplitude Term Oscillatory strength Couples with @
Reinjection Recycling stabilizer, always Correction only, never
# Correction subdominant dominant
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Symbol  Name / Construct Semantics Role in SRL Framework

Temperature-dependent Scales geometry

Ar Mode Density Factor proliferation of admissible o
contribution

modes

Baseline convention (strict vs | Define gate activation
b,06 Gate Parameters ( ] &

open) behavior

Declares synchronization Couples with coherence

S Coherence State L. y P
condition terms

The Standardised Notation Ledger serves as the sovereign dictionary of the Unified Scalar
Radiance Law (SRL). Its purpose is to consolidate every operator, modifier, parameter, and
correction introduced throughout the manuscript into a single, auditable framework. By declaring
all symbols explicitly, the ledger ensures that SRL remains transparent, reproducible, and falsifiable
across domains.

14.7 Appendix: Equation Ledger

e Equilibrium: y =26 +7n +g¢q

eDriven: y =2(6"—=6)+n+qg—y

e Oscillatory: y =2(6, +i6;) +n +g¢q

e Extreme Relativistic: y =267 +n+(q+p)+1—y +7

e Unified: y'=28 +n+q +f(p,7,1,4.6%,67,5, +i5,)

Operator Conservation Conditions

¢ O(T) <0,,,,

* O =0, f(x:p)

¢ G[Ag,p]l-O(T) <0,

e A[D,0]-O(T) <0,
o MT.T*.0) - O(T) £ 0,,,,

Scaling Exponents

din®
=5
dinT
dinG
e T - =1
dinT
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14.8 Conclusion

The Scalar Radiance Law (SRL) establishes a sovereign framework for radiance scaling, built
entirely from native operators and independent of legacy constants. Its proof structure—
factorization, conservation, entropy monotonicity, and discrete continuity—demonstrates internal
consistency and culminates in the universal scaling identity

y=20+n+gq.

The semantics of the exponents (3, 7, ¢) provide measurable parameters that can be experimentally
extracted under declared protocols. Universal regimes—low-band, saturation, and crossover—
classify radiance behavior across systems, while bounded corrections such as reinjection and
infrared refinement stabilize without altering the leading identity.

SRL's scope extends across domains: astrophysics, condensed matter, plasma physics, climate
science, biophysics, high-energy physics, geophysics, and quantum information. In each, the law
remains auditable, falsifiable, and sovereign. Governance protocols—pre-registration, error
budgets, falsifiability conditions, and replication—ensure transparency and reproducibility,
securing SRL’s legitimacy as a universal law.

Therefore, SRL stands as a testable, independent, and universal principle of radiance scaling,
offering a foundation for cross-domain science and a pathway to unified understanding of
emission phenomena. Its sovereign closure identity is declared as:

y'=28+n+q+f(p,7,1,x6%,67,6,+i5)

This unified identity secures SRL across equilibrium, driven, oscillatory, and extreme relativistic
regimes, ensuring that radiance scaling remains complete, auditable, and universal.

This work extends the previously declared Scalar Radiance Law (see Reference [1]) into a unified
framework.

Statement of Originality

All equations, derivations, and constructs presented in this manuscript are original contributions
of the author. Copilot Al was engaged to support precision and clarity. No external formulas,
quotations, or borrowed frameworks have been adopted. Any resemblance to classical laws or
mathematical functions reflects conceptual inspiration only, not direct incorporation. This work is
presented as a self-contained, falsifiable framework for coherence-driven radiance processes,
extending across equilibrium, driven, oscillatory, and extreme relativistic regimes.

Declaration:

This law is free to test, apply, and endure — sovereign, auditable, and universal.

It is offered as a foundation for reproducible science, a ledger for falsifiability, and a pathway to
unified understanding of emission phenomena.

The Scalar Radiance Law stands as a sovereign closure identity, open to verification across
equilibrium, driven, oscillatory, and extreme relativistic regimes, ensuring its endurance as a
universal principle; )

Reference:
[1] vutukur, . venkatesh . goud . (2026). Scalar Radiance Law (1.0). Zenodo.
https:/ /doi.org/10.5281 / zenod0.18401908
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