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Abstract

Three formalisms—VERSF (emergence of time and spacetime from entropy flow), BCB
(conservation of information balance across bit formation), and TPB (measurement dynamics
and Born rule derivation)}—have been developed to address different scales and phenomena
within a unified theoretical program. Because they share a single primitive (distinguishability)
and a common explanatory structure (dynamics of irreversible change), they are here integrated
under a single designation: the Distinguishability Dynamics Framework (DDF). The framework
proposes that time, quantum mechanics, and gravity emerge as necessary consequences of
irreversible distinguishability creation rather than serving as fundamental background structures.
Starting from distinguishability alone, it derives temporal ordering from entropy accumulation,
Hilbert space structure from reversibility requirements, spin-2 gravity from consistency
constraints, and quantum measurement statistics from entropic unfolding. This document
specifies the minimal ontological commitments, the unidirectional dependency structure
(Distinguishability — Entropy — Time — Quantum Measurement — Geometry — Gravity —
Matter), explicit falsification criteria at quantum, gravitational, and cosmological scales, and the
mathematical formalism anchoring each emergence step. The framework does not replace
existing calculational tools but provides a foundational reordering that resolves structural
anomalies including the axiomatic status of the Born rule and the absence of local gravitational
energy.

Summary for General Readers

What this framework does

Modern physics assumes that time and space exist first, and that everything else—matter, energy,
physical laws—unfolds within them. The Distinguishability Dynamics Framework inverts this
assumption. It proposes that time, space, and physical law are not fundamental but emerge from
something simpler: the accumulation of irreversible differences.

The core idea

Imagine a universe with no clocks, no rulers, no space. What is the most basic thing that could
exist? The framework answers: a difference—something distinguishable from nothing. If a
difference can persist and cannot be undone, it becomes a stable "bit" of reality. When many
such bits accumulate, patterns emerge that we recognize as time, space, and matter.



Why this matters

Standard physics faces several puzzles it cannot resolve internally:

e Why does time flow in one direction? The fundamental equations of physics work
equally well forwards and backwards, yet we never see broken eggs reassemble.

e  Why does quantum measurement produce definite outcomes? The equations describe
spreading possibilities, yet experiments yield single results.

e  Why can't we locate gravitational energy? Unlike every other form of energy, gravity
resists being pinned to a place.

The framework addresses all three by the same move: these are not bugs in physics but
consequences of how time, measurement, and geometry emerge from deeper structure. Time
flows forward because it is the accumulation of irreversible change. Measurement produces
outcomes because it is the transition from reversible to irreversible dynamics. Gravitational
energy cannot be localized because geometry is a constraint system, not a substance.

The emergence chain

The framework derives physics in a strict order, where each level builds on the previous:

Distinguishability — the ability to tell "something" from "nothing"

Entropy — the count of stable differences that have formed

Time — the ordering that emerges when differences become irreversible
Quantum mechanics — the structure of reversible change before records form
Geometry — the constraints that emerge from entropy flow patterns

Gravity — the dynamics of those geometric constraints

Matter — stable, localized patterns of entropy production

Nk LD —

Nothing later in the chain is assumed earlier. Time is not smuggled into the definition of entropy;
space is not smuggled into the definition of gravity.

What the framework does not do

It does not replace the calculations physicists use daily. General Relativity still describes
planetary orbits; quantum mechanics still predicts atomic spectra. The framework operates
underneath these tools, explaining why they take the form they do.

Testability

The framework makes predictions that differ from standard physics in specific regimes:

e Quantum measurements with engineered entropy asymmetries should show small,
systematic deviations from standard statistics.

e Gravitational behavior should correlate with entropy production, not just mass-energy.

o Cosmological structure should bear signatures of entropy-driven dynamics.



If these predictions fail under appropriate conditions, the framework is falsified—not merely

adjusted.
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Notation and Definitions

Symbol Definition

AS Dimensionless entropy: AS = AS/k B

AS_min Minimal entropy quantum: In 2 (dimensionless)

k B Boltzmann constant

A Thermodynamic coupling parameter (dimensionless)
A Readiness functional (concentration measure) € [0,1]
A c Critical readiness threshold

S Entropy production rate

Lt P Planck length
T ent pv Entropic stress-energy tensor

() Gravitational potential
p Mass-energy density
G Newton's gravitational constant

Units Convention

Unless otherwise stated, entropy is expressed in units of k B, so AS = AS/k B is dimensionless.

This convention ensures that all exponential arguments (e.g., exp(—AAS)) are dimensionless, and
that the thermodynamic coupling A is a pure number. Where SI units are required for comparison
with experiment, factors of k B are restored explicitly.



1. Purpose, Scope, and Status
1.1 Purpose

This document defines the foundational structure of the Distinguishability Dynamics Framework
(DDF), which integrates three formalisms:

e VERSF: Emergence of time and spacetime from entropy flow
o BCB: Bit Conservation and Balance; information accounting across transitions
o TPB: Ticks-Per-Bit; measurement dynamics and Born rule mechanism

The unified designation "Distinguishability Dynamics Framework" was adopted because the
three formalisms share a single primitive (distinguishability) and a common explanatory
structure (dynamics of irreversible change), differing only in the scale and phenomena they
address. A single name reflects the integrated nature of the framework and avoids the impression
of a patchwork of independent proposals.

The purpose is to specify the minimal physical commitments, emergence order, and internal
consistency relations from which time, quantum mechanics, spacetime geometry, and gravity
arise as necessary consequences.

1.2 Scope

The framework addresses low-energy, coarse-grained physical phenomena including quantum
measurement, temporal ordering, gravitational dynamics, and cosmology. No assumptions are
made regarding the fundamental existence of spacetime, time, or local physical fields at the base
level.

1.3 Status of Claims

Claims throughout this document are explicitly categorized:

e Derived: Follows necessarily from stated axioms

o Constrained: Bounded by consistency requirements but not uniquely fixed

o Phenomenological: Matched to observation; not derived from first principles
e Open: Recognized gap requiring future work

This classification prevents category errors and ensures epistemic clarity.



2. Minimal Ontology

This section asks: what is the least we must assume to get physics started? Most theories begin
with time, space, particles, or fields. We begin with something simpler—the bare fact that
something can be distinguished from nothing. Everything else will be built from this.

2.1 Distinguishability as the Primitive

The framework begins from a single irreducible physical primitive: distinguishability. To exist,
in the most minimal operational sense, is to be distinguishable from the absence of structure. No
assumption is made regarding objects, spacetime, fields, or particles. Existence is defined purely
as the persistence of difference against indistinction.

This starting point grounds the framework in an operational criterion—whether a distinction can
be maintained—rather than presupposing time, metric structure, or energy.

2.2 The Void

The void is defined as the zero-distinction limit of the framework. It is not empty space, quantum
vacuum, or a background manifold. Rather, it represents the absence of distinguishable structure:
no intrinsic metric, no time parameter, no energetic content.

The void is not a substance but a limiting condition, playing a regulatory role by bounding the
formation and persistence of distinguishability.

2.3 Change and Ticks

Change is defined as the creation, modification, or annihilation of a distinction. The framework
postulates that change occurs through discrete irreversible events termed ticks.

A tick represents the minimal act of distinguishability creation. Ticks are not embedded in time;
temporal ordering emerges from their accumulation. In regions where no ticks occur, no
operational notion of time exists.

2.4 Emergent Spacetime and Time

Spacetime, temporal duration, and causal ordering arise as higher-level descriptions applicable
only after sufficient coarse-graining over large numbers of ticks. This reverses the conventional
ontological hierarchy.

Time is treated not as an external parameter but as an emergent bookkeeping variable ordering
irreversible distinguishability events. This position underlies later derivations of entropy-driven
temporal ordering, quantum measurement, and gravitational dynamics.



3. Entropy and Bit Formation

Once we have distinguishability, differences can accumulate. Some differences persist; others
wash out. The ones that stick—that become irreversible—are "bits." Counting them gives us
entropy. This section shows how entropy arises not as a statistical abstraction but as the
fundamental tally of what has become real.

3.1 Entropy as Cumulative Distinguishability

Within DDF, entropy is defined as the cumulative measure of irreversible distinguishability
created through ticks. It does not originate as a thermodynamic abstraction but as a count of
stabilized distinctions relative to the void.

Entropy therefore precedes conventional notions of energy, temperature, and time, which emerge
only after coarse-graining over large numbers of distinguishability events.

3.2 Bit Formation and Stabilization

A bit is a stabilized unit of distinguishability that persists against noise, fluctuation, or reversal.
Bit formation occurs when a distinction created by a tick becomes irreversible under the
available dynamics.

The framework enforces Bit Conservation and Balance (BCB): while individual bits may form or
dissolve locally, global distinguishability accounting remains conserved across transitions. BCB
is a conservation principle at the level of admissible state transitions: net distinguishability
change is balanced by entropy export to the environment.

3.3 Discrete Entropy Quanta

The minimal irreversible increment of entropy corresponds to one bit of distinguishability:
AS min=1n2

or equivalently AS min =k B In 2 in SI units. This bound arises from Landauer's principle,
information-theoretic limits on irreversible erasure, and gravitational bounds on localized
information content.

Gravitational entropy bounds—the Bekenstein bound and Bekenstein—-Hawking entropy—do not
contradict this discreteness but impose an upper density: N_max = A/(4{_P? In 2) bits per
horizon area A. Black holes are maximally packed distinguishability systems. See Appendix E.



3.4 From Discrete to Continuous Entropy

Macroscopic entropy appears continuous because typical processes involve enormous numbers
of entropy quanta. When N > 1, relative fluctuations scale as 1/VN, rendering entropy
effectively smooth. The apparent continuity is emergent, not fundamental.

4. Emergence of Time

We do not assume time and then ask what happens in it. Instead, we ask: under what conditions
does something like time appear? The answer: when changes become irreversible, they acquire
an order—a "before" and "after." That ordering is time. Where nothing irreversible happens,
time does not exist.

4.1 Time as an Ordering of Irreversible Events

Time emerges as an ordering relation over irreversible distinguishability-creating events.
Without irreversibility, there is no operational distinction between past and future.

Temporal ordering arises only where entropy increases. In regions where no entropy is produced,
the framework predicts the absence of physical time, even if reversible evolution continues.

4.2 Entropy Flow and Temporal Direction

The direction of time is identified with the direction of net entropy flow. Time does not flow
because entropy increases; entropy increase is what constitutes temporal flow.

This identification aligns the temporal arrow with the Second Law without presupposing time as
an independent variable.

4.3 Pre-Entropic and Entropic Domains

The framework distinguishes two regimes:

Pre-entropic domain: Reversible dynamics, S = 0, no operational time parameter. Quantum
coherence resides here.

Entropic domain: Irreversible processes, S > 0. Stabilized records exist, temporal ordering is
defined, classical behavior emerges.
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The transition is governed by a critical readiness threshold A _c: entropy production becomes
non-zero when A > A_c. This constitutes a non-equilibrium phase transition. See Appendix F
for formal treatment.

4.4 Physical Clocks and Time Dilation

Physical clocks count irreversible processes. Clock rates depend on local entropy production.
Situations suppressing entropy flow—strong gravitational fields, high velocities—naturally
produce time dilation.

This reframes relativistic time dilation as entropy-flow suppression rather than purely geometric
effect. Geometric descriptions remain valid as effective representations.

5. Quantum Mechanics from the Framework

Before a record forms—before anything irreversible happens—change is reversible. What
mathematical structure describes reversible change among distinguishable states? It turns out
there is only one answer: quantum mechanics. This section shows how Hilbert space,
superposition, and the Born rule emerge not as postulates but as consequences of reversibility
and record formation.

5.1 Reversible Dynamics and Hilbert Structure

In regimes where no entropy is produced, evolution is reversible. The minimal mathematical
structure preserving distinguishability under reversible dynamics while supporting continuous
symmetry transformations is complex Hilbert space with unitary evolution.

Hilbert space is not postulated but emerges uniquely from: (i) reversibility, (ii) compositional
closure, and (ii1) continuous symmetry representation. See Appendix B.

5.2 Readiness and Outcome Concentration

For a quantum state v = Z; ¢j|i) in measurement basis {|i)}, the quantities a; = |ci|* are geometric
readiness measures: they quantify how concentrated each outcome branch is for stabilization
under irreversible dynamics. (The term "alignment" refers throughout to this
concentration/readiness property, not to phase coherence.)

Operational distinction: Readiness a; characterizes pre-measurement state geometry;

probability P; characterizes post-measurement outcome frequencies. These coincide in iso-
entropic conditions but diverge when entropy export varies across branches.
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5.3 Measurement as Entropic Unfolding

Measurement is the transition from pre-entropic to entropic dynamics, occurring when sufficient
readiness permits entropy export and record stabilization.

Wavefunction collapse is not an epistemic update but a physical phase transition. The onset of
entropy production defines both outcome selection and local emergence of time.

5.4 Probability Assignment and the Born Rule

When outcome stabilization requires exporting dimensionless entropy AS;, the realized
probability distribution is:

P; o [ci? exp(—AAS))
where A is a dimensionless thermodynamic coupling.

Status of A: The parameter A is not universal but apparatus-dependent, determined by entropy-
export characteristics of the measurement channel:

e A =0(1): Strong entropic bias; significant deviations from Born rule
e A <KL 1:Weak coupling; Born rule recovered
e A — 0: Iso-entropic limit; standard quantum mechanics

In iso-entropic regimes (AS; = const), the exponential becomes uniform and A drops out,
recovering P; = |ci]>.

The value of A is bounded by thermodynamic constraints: Landauer limit, finite heat capacity,
finite measurement duration. See Appendix A.

The framework's novelty is not that detectors can bias outcomes (trivial), but that the bias
follows a constrained exponential form tied to entropy export and becomes a derived correction

to the Born limit rather than an ad hoc noise model.

The Born rule is derived as the equilibrium limit of entropic unfolding, resolving its axiomatic
status in standard quantum mechanics.

6. Geometry and Gravity

Space curves near massive objects, clocks slow in gravitational fields. Standard physics
describes this with geometry but does not explain why gravity takes geometric form. This section
shows that geometry emerges from patterns in entropy flow, and gravity emerges as the
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dynamics of those patterns. The famous Einstein equations are not starting points but
endpoints—derived, not assumed.

6.1 General Relativity as a Constraint System

General Relativity admits no covariant, pointwise gravitational stress—energy tensor. Energetic
content appears only in global or quasi-local forms. GR functions as a constraint system
enforcing geometric consistency rather than propagating local energy density.

This explains difficulties in defining gravitational energy locally and motivates interpreting
geometry as encoding relational constraints.

6.2 Entropy as the Field Beneath Spacetime

Spacetime geometry emerges from an underlying scalar field governing entropy flow. In shift-
symmetric effective theories, a unique conserved current satisfies:

1. Universal coupling: Couples to all energy forms
2. Infrared survival: Persists under coarse-graining

3. Temporal directionality: Defines time's arrow

These criteria uniquely identify the current with entropy. Alternative identifications (particle
number, charge) fail one or more criteria.

6.3 Entropic Stress-Energy and Effective Field Equations
Entropy gradients act as effective curvature sources:

G pv+ Ag pv=8nG(T mat pv+ T ent puv)

The entropic stress-energy tensor:

Trent pv=1x(V_uSV vS —log uwvV*aSV_aS) + &V _uV vS —g uvaS)

In uniform entropy flow (V_uS = const), the entropic sector reduces to a cosmological-constant-
like contribution; for constant S it vanishes entirely, recovering standard GR. See Appendix D
for conservation and constraints.

6.4 Newtonian and Relativistic Limits

In the weak-field limit, entropy gradients yield:

V20 = 4nGp
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reproducing Newtonian gravity. The equivalence principle emerges statistically under coarse-
graining.

At relativistic scales, spin-2 gravity emerges from a two-step argument: (1) universal coupling to

stress-energy requires a massless spin-2 field; (2) self-consistency of spin-2 interactions uniquely
produces Einstein's equations via Deser bootstrap. See Appendix C.

7. Matter, Mass, and Structure

What is matter? Standard physics treats it as fundamental stuff with intrinsic mass. Here, matter
is reframed as a pattern—a stable, self-sustaining knot of entropy production. Mass is not a
substance but a measure of how much entropy-producing capacity is localized in one place. This
section connects the framework to the physical world we observe: particles, atoms, galaxies.

7.1 Mass-Energy-Entropy Equivalence

Mass, energy, and entropy are complementary descriptions of irreversible distinguishability
creation:

Energy: Capacity for entropy production under admissible transformations (instantaneous
production S measures realized rate)

Entropy: Cumulative count of stabilized distinctions

Mass: Persistent, localized pattern of entropy production capacity invariant under coarse-
graining

This resolves apparent tensions: a cold crystal has low S but large entropy production capacity
under perturbation.

7.2 Matter as Stabilized Entropic Flow

Matter is operationally defined as regions where entropy production is sustained, localized, and
internally regulated. Stable particles correspond to configurations where entropy flow balances
against dispersive processes.

7.3 Structure Formation

At cosmological scales, structure formation arises from spatial variations in entropy production.
Regions of enhanced entropy generation act as attractors under entropic gravitational dynamics,
producing hierarchical structure without additional fundamental substances.
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7.4 Discrete-to-Continuous Matter Description

Matter formation proceeds through discrete entropy quanta at fundamental scales. Macroscopic
aggregation yields effective continuous descriptions compatible with field-theoretic models.

8. Consistency, Non-Circularity, and Uniqueness

A framework that secretly assumes what it claims to derive is circular and empty. This section
demonstrates that the derivation chain is genuinely one-way: we never smuggle time into the
definition of entropy, never assume space to define gravity, never presuppose probabilities to
explain measurement. It also addresses why this is not merely relabeling familiar physics with
new words.

8.1 Dependency Structure

The framework's dependency structure is unidirectional:

Distinguishability — Entropy — Time — Quantum Measurement — Geometry — Gravity
— Matter

No downstream construct feeds back as an upstream assumption:
e Time is not assumed in defining entropy

e Spacetime is not assumed in defining gravity
e Probabilities are not assumed in defining quantum states

8.2 Treatment of Physical Constants

Physical constants enter only as calibration points for coarse-grained descriptions. They do not
define the theory's structure or establish its logic. Where numerical matching is discussed, it is
identified as phenomenological.

8.3 Why the Framework Is Not Re-Labeling

The framework reorders the ontological hierarchy, deriving time, spacetime, and energy from
irreversible distinguishability. This resolves structural anomalies:

e Absence of local gravitational energy in GR

e Axiomatic status of the Born rule
e Unexplained arrow of time in time-symmetric laws

15



8.4 Uniqueness Claims

The framework claims uniqueness under specified constraints: irreversibility as temporal source,
finite distinguishability, information balance conservation, consistency with low-energy physics.

Within these constraints, entropy-driven time, probabilistic measurement, and spin-2 gravity
emerge necessarily. Alternatives must relax constraints or add primitives.

9. Falsifiability and Experimental Touchpoints

A theory that cannot be proven wrong is not science. This section specifies concrete experiments
that could falsify the framework. If quantum measurements under controlled entropy asymmetry
show no deviation from standard predictions, or if gravitational effects show no correlation with
entropy gradients, the framework fails. These are not vague possibilities but defined tests with
clear failure conditions.

9.1 Principles of Falsifiability

The framework admits clear falsification criteria generating observable consequences.
Agreement with existing observations is a consistency requirement, not confirmation.

9.2 Quantum-Scale Tests

In non-iso-entropic measurement contexts:
P « [ci? exp(—AAS)

Testable prediction: Outcome ratios should scale with engineered entropy asymmetries AS; -
AS;.
Target systems:

e Mesoscopic systems with controllable heat baths

e Low-temperature regimes suppressing thermal fluctuations

o Fast readout with branch-dependent entropy export

Since A is bounded by thermodynamic constraints, null results at sufficient sensitivity would
falsify the mechanism.

16



9.3 Gravitational Tests

Gravitational effects should track entropy production gradients. Systems with comparable mass-
energy but different entropy histories may exhibit measurable differences.

Test environments: compact binaries with differing thermal histories, intense dissipation regions,
laboratory entropy gradient systems.

9.4 Cosmological Signatures

Entropy-driven dynamics may imprint signatures in CMB anisotropies, large-scale structure, and

gravitational potential evolution. Predicted correlations between entropy histories and structure
formation differ from non-interacting dark matter models.

9.5 Summary of Falsification Criteria

No correlation with entropy gradients

| Prediction H Test H Falsifying Outcome ‘
Modified Born  |[Non-iso-entropic No scaling of outcome ratios with engineered AS at
rule measurement thermodynamic sensitivity floor

Entropy-gravity |[Differential

coupling gravitational tests
Structqre Cosmolqglcal Standard ACDM with no entropy signature
formation observations
. Precision .
D te ent . t t lowk BlIn2
iscrete entropy ||, dynamics Continuous entropy below k B In

10. Limitations and Open Problems

No framework is complete. This section states plainly what the framework does not yet do: it
does not replace quantum field theory calculations, does not resolve black hole interiors, and
does not derive all parameters from first principles. Acknowledging limits is not weakness—it is
the difference between science and salesmanship.

10.1 Scope of Validity

DDF is a foundational account at low and intermediate energies. It does not constitute a complete

UV theory or replace calculational frameworks like QFT or numerical relativity.

Claims are restricted to regimes where coarse-graining over large numbers of distinguishability
events is valid. Planck-scale behavior remains outside current scope.
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10.2 Underdetermined Parameters

Status:
e A (thermodynamic coupling): Bounded dimensionlessly; apparatus-dependent (Appendix
A)

e K, & (entropic stress-energy): Constrained by GR limit; not independently derived
e A c(critical readiness): Defined operationally; microscopic derivation open

10.3 Quantum Field Theory Extension

Full extension to interacting QFT, including particle creation/annihilation, requires embedding
entropy and readiness principles in a covariant field-theoretic setting. This remains incomplete.

10.4 Strong-Field Gravity

Complete treatment of strong-field phenomena—black hole interiors, singularity resolution, fully
dynamical spacetime emergence—remains open.

10.5 Summary of Open Problems

| Problem H Status H Priority ‘
|Microscopic derivation of A, x, & |Constrained, not derived HHigh ‘
|QFT extension HConceptual outline only HHigh ‘
|Str0ng-ﬁeld gravity HGR limit established; interior dynamics openHMedium‘

|Numerical structure formation HFramework defined; simulations pending HMedium‘

|Planck-scale physics HOutside current scope HDeferred‘

Appendices

Appendix A: Thermodynamic Bounds on A
A.1 Definition

The dimensionless thermodynamic coupling A is defined as:
A= &(In Pi/P;)/0(AS; — AS))

measuring how strongly entropy-export asymmetry biases outcome probabilities.
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A.2 Physical Interpretation

A is apparatus-dependent, determined by:
o Heat capacity of measurement apparatus

e Thermal coupling to environment
¢ Measurement timescale relative to thermalization

A.3 Bounds

Upper bound: Probability normalization requires:
A S 1/max|AS; — AS]
For typical measurements with O(1) entropy differences, A < O(1).
Lower bound: A — 0 with large heat baths, slow measurements, or symmetric branch coupling.
Physical regimes:
e A =0(1): Strong entropic bias

e A~0.01-0.1: Weak but detectable bias
e A< 0.01: Born rule effectively exact

A.4 Measurable Regimes

Deviations become observable when A - |AS; — ASj| = 0.01. Candidates: superconducting qubits
with asymmetric dissipation, optomechanical systems with branch-dependent radiation loss.

Operationally, A can be extracted by measuring In(Pi/P;) as a linear function of engineered AS;—
AS; while holding |ci]* fixed; A is then the fitted slope.

Appendix B: Hilbert Space Uniqueness
B.1 Assumptions

Distinguishability: States distinguishable; transitions preserve distinguishability
Reversibility: Pre-entropic evolution invertible

Composition: Combined systems form valid state spaces

Continuity: Symmetry transformations continuous

b s
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B.2 Argument

From (1)—(2): State space supports invertible linear maps. From (3): Closure under tensor
product. From (4): Continuous unitary representations.

Theorem (Solér, 1995): Only R, C, H satisty (1)—(4). Composition structure strongly disfavors
R (tensor product issues with fermionic statistics). Quaternionic quantum mechanics (H) remains
mathematically possible but faces difficulties with tensor product structure, the measurement
postulate, and lack of a consistent probabilistic interpretation under standard assumptions; it is
not used in established QM reconstructions.

Conclusion: Under standard physical requirements, complex Hilbert space is the unique viable
structure.

Appendix C: Spin-2 Necessity
C.1 Step 1: Universal Coupling Requires Spin-2

A massless field mediating universal long-range interaction must couple to a conserved current.
For universal coupling including self-coupling, the only consistent choice is the symmetric
stress-energy tensor T pv.

Massless fields coupling to symmetric tensors have helicity +2. Helicity-1 produces repulsion
between like charges; helicity-0 lacks tensorial structure for universal coupling.

C.2 Step 2: Deser Bootstrap

A free massless spin-2 field has stress-energy. Self-consistency requires coupling to this stress-
energy. Iteration (Deser, 1970) uniquely produces nonlinear Einstein equations:

G pv=8nGT pv
C.3 Conclusion

Geometry emerges from spin-2 consistency. The entropic stress-energy T"ent pv enters as an
additional source preserving this structure.
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Appendix D: Entropic Stress-Energy Tensor
D.1 Construction

The scalar field S(x) is a coarse-grained entropy potential whose gradients encode entropy flow
patterns. It is not the entropy of a particular subsystem, nor entanglement entropy, but an
effective ordering field at the level of spacetime structure. Its role is analogous to a
thermodynamic potential generating currents.

For scalar entropy field S(x):

Trent pv =«x(V_uSV vS —Yog uwvV*aSV_aS) + EV_uV vS —g uvaoS)

D.2 Conservation

S is a dynamical field derived from an action:
SIS, gl =ld*x V(—g) ['aV"uSV_uS - V(S)]

Conservation V uT”ent _pv = 0 follows automatically when S satisfies its Euler—Lagrange
equation, ensuring compatibility with the contracted Bianchi identity V*uG_pv = 0. This is not
imposed but follows from diffeomorphism invariance.

D.3 GR Limit

Uniform entropy flow (V_uS = const): T"ent_uv — const - g _uv. Constant S: T"ent_pv =0,
recovering vacuum GR.

D.4 Parameter Constraints

e Newtonian limit: x ~ G/c*
e Cosmological matching: & related to dark energy density
o Stability: K > 0 (no ghosts)

Appendix E: Entropy Quanta and Gravitational Bounds

E.1 Bekenstein Bound

Maximum entropy in region of radius R with energy E:
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S Bek <2nk B RE/(%c)

E.2 Bekenstein-Hawking Entropy
Black hole with horizon area A:

S BH=k B A/(4t_P?)

E.3 Bit Count

N max=S BH/(k BIn2)=A/(40 P?In 2)
Approximately 1 bit per Planck area.

E.4 Consistency

Discrete entropy (kB In 2 per bit) is consistent with holographic principle, Bekenstein-Hawking
formula, and Landauer limit. Black holes are maximum distinguishability density systems.

Appendix F: Readiness as Order Parameter
F.1 Definition

For pure state y = Z; ci|i) in basis {[i}}:

ALy, {)}]:=Zi [ci*

This inverse participation ratio ranges from 1/d (maximally spread) to 1 (eigenstate).

We use A as an operational order parameter capturing "readiness for record stabilization" in a
given basis—a measure of concentration, not phase coherence. Several monotone choices are

admissible; IPR is chosen for boundedness, basis-specificity, and experimental accessibility.
Phase-sensitive alternatives (e.g., |Zi ci|?) can be substituted without changing the threshold logic.

F.2 Mixed States

For density matrix p:

Alp, {[i)}] = Zi (ilp[i)*

Basis-independent: A max[p] ;= A_max(p)
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F.3 Entropy Production
S(A)=0for A<A cS(A)=S 0 (A—A c)y'pforA>A c
F.4 Transition Character

e Order parameter: S
e Control parameter: A (readiness)
e Broken symmetry: Time-reversal

Classification (B = 1: continuous; B < I or discontinuous: first-order) remains open.
F.5 Decoherence Connection

A _c corresponds to sufficient pointer-basis decoherence. The framework extends decoherence
theory by providing entropy-based completion criteria and deriving statistics from conservation.

Appendix G: Technical Clarifications, Constraints, and
Failure Modes

This appendix strengthens and formalizes points of potential weakness identified in critical
review of the Distinguishability Dynamics Framework (DDF). Unlike the main text, which
prioritizes conceptual flow and scope discipline, this appendix provides explicit inequalities,
scaling relations, and failure modes. No new physical mechanisms are introduced; the purpose is
to make implicit constraints explicit and to state clearly what would fail if the framework’s
assumptions were incorrect.

G.1 Readiness Functional A: Threshold, Scaling, and Failure Mode

The readiness functional A acts as the control parameter governing the transition from reversible
(pre-entropic) to irreversible (entropic) dynamics. Operationally, readiness quantifies the
effective number of competing outcome branches in a given measurement context.

For a measurement channel with an effective branching number N_eff, readiness scales as:
A=1/N_eff

Record stabilization requires that the entropy cost per branch AS rec be supportable by the
available environmental entropy budget AS_env. This yields the threshold condition:

AS rec <AS env/N_eff

which implies a readiness threshold:
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A>A c~AS rec/AS env

Failure mode: if A <A _c, entropy export is insufficient to stabilize a unique record, and the
dynamics remain reversible. In this regime, no definite measurement outcome forms.
Observation of stable records below this threshold would falsify the readiness-based transition
mechanism.

G.2 Thermodynamic Coupling A: Scaling, Extraction, and Collapse
Limits
The thermodynamic coupling A appearing in the generalized Born rule is an effective,

dimensionless parameter characterizing how entropy-export asymmetries bias outcome
stabilization. It is not a fundamental constant.

From the generalized probability law:

P i/P j=(lc_i*/|c_jP) - exp[-MAS_i— AS_j)]
taking logarithms yields:

In(P_i/P_j) = In(jc_i|¥/|c_j]) — A-AAS_ij

Thus A is operationally extracted as the slope of In(P_i/P_j) versus engineered entropy
asymmetry AAS_ij, holding |c_i[? fixed.

Scaling regimes:
A — 0 : Born-stable fixed point (iso-entropic limit)
A <K 1 :Weak entropic bias (small deviations)
A = O(1) : Strong bias; rapid outcome locking

Collapse limit: A > 1 would produce near-deterministic outcome locking inconsistent with
observed quantum statistics and is therefore empirically excluded.

Failure mode: observation of non-exponential bias, non-linear dependence on AS, or outcome
ratios independent of AAS under controlled conditions would falsify the entropic unfolding
mechanism.

G.3 Entropy Field S: Definition, Dynamics, and Exclusions

The scalar field S(x) introduced in the gravitational sector is a coarse-grained entropy potential
whose gradients encode large-scale entropy flow patterns. It is not identified with:

* subsystem thermodynamic entropy S =—Tr(p In p)

* entanglement entropy
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* local entropy density

Instead, S functions as an ordering field analogous to a thermodynamic potential. Its associated
entropy current is defined as:

I'u=viu S
with entropy production given by:

Vulru=8>0
Failure mode: if S were required to coincide with subsystem or entanglement entropy, the
covariant formulation would break down and the entropic stress-energy construction would be
invalid.

G.4 General Relativity Limit: Explicit Consistency Check

Consider the weak-field expansion g puv =m_pv +h_pv. For uniform entropy flow:
0 nS=const=>0 uo vS=90

In this limit, the entropic stress-energy tensor reduces to a cosmological-constant-like term
proportional to n_pv, preserving linearized General Relativity and Newtonian gravity.

For constant S, all entropic contributions vanish identically, recovering vacuum GR.

Failure mode: any entropy-gradient contribution producing non-spin-2 forces or violating
diffeomorphism invariance would be excluded, as it would contradict the observed tensorial
structure of gravity.

G.5 Conditional Uniqueness and Scope

Uniqueness claims within DDF are conditional. Under the joint constraints of irreversibility,
finite distinguishability, conservation of information balance, and compatibility with observed
low-energy physics, the emergence of entropy-driven time, probabilistic measurement, and spin-
2 gravity is forced.

Failure mode: construction of a consistent alternative framework satisfying all listed constraints
while producing different macroscopic laws would falsify the uniqueness claim.
(.6 Status of Incompleteness

The DDF does not yet provide a complete ultraviolet theory, a full interacting quantum field
theory, or closed-form derivations of all effective couplings. These are recognized limitations
rather than inconsistencies.
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The role of the present framework is to establish a logically consistent substrate and to constrain
admissible future theories. Failure to construct viable extensions within these constraints would
indicate a deeper flaw in the foundational assumptions.

References
1. Bekenstein, J.D. (1973). Black holes and entropy. Physical Review D 7, 2333-2346.
2. Deser, S. (1970). Self-interaction and gauge invariance. General Relativity and

Gravitation 1, 9-18.

3. Hawking, S.W. (1975). Particle creation by black holes. Communications in
Mathematical Physics 43, 199-220.

4. Landauer, R. (1961). Irreversibility and heat generation in the computing process. /BM
Journal of Research and Development 5, 183—191.

5. Moretti, V. (2013). Spectral Theory and Quantum Mechanics. Springer.

6. Soler, M.P. (1995). Characterization of Hilbert spaces by orthomodular spaces.
Communications in Algebra 23, 219-243.

7. Weinberg, S. (1965). Photons and gravitons in perturbation theory. Physical Review 138,
B988-B1002.

8. Weinberg, S. & Witten, E. (1980). Limits on massless particles. Physics Letters B 96, 59—
62.

9. Zurek, W.H. (2003). Decoherence, einselection, and the quantum origins of the classical.
Reviews of Modern Physics 75, 715-775.

10. Jacobson, T. (1995). Thermodynamics of spacetime: The Einstein equation of state.
Physical Review Letters 75, 1260—1263.

11. Verlinde, E. (2011). On the origin of gravity and the laws of Newton. Journal of High
Energy Physics 2011(4), 29.

12. Padmanabhan, T. (2010). Thermodynamical aspects of gravity: New insights. Reports on
Progress in Physics 73, 046901.

26



	Abstract
	Summary for General Readers
	Notation and Definitions
	1. Purpose, Scope, and Status
	1.1 Purpose
	1.2 Scope
	1.3 Status of Claims

	2. Minimal Ontology
	2.1 Distinguishability as the Primitive
	2.2 The Void
	2.3 Change and Ticks
	2.4 Emergent Spacetime and Time

	3. Entropy and Bit Formation
	3.1 Entropy as Cumulative Distinguishability
	3.2 Bit Formation and Stabilization
	3.3 Discrete Entropy Quanta
	3.4 From Discrete to Continuous Entropy

	4. Emergence of Time
	4.1 Time as an Ordering of Irreversible Events
	4.2 Entropy Flow and Temporal Direction
	4.3 Pre-Entropic and Entropic Domains
	4.4 Physical Clocks and Time Dilation

	5. Quantum Mechanics from the Framework
	5.1 Reversible Dynamics and Hilbert Structure
	5.2 Readiness and Outcome Concentration
	5.3 Measurement as Entropic Unfolding
	5.4 Probability Assignment and the Born Rule

	6. Geometry and Gravity
	6.1 General Relativity as a Constraint System
	6.2 Entropy as the Field Beneath Spacetime
	6.3 Entropic Stress-Energy and Effective Field Equations
	6.4 Newtonian and Relativistic Limits

	7. Matter, Mass, and Structure
	7.1 Mass-Energy-Entropy Equivalence
	7.2 Matter as Stabilized Entropic Flow
	7.3 Structure Formation
	7.4 Discrete-to-Continuous Matter Description

	8. Consistency, Non-Circularity, and Uniqueness
	8.1 Dependency Structure
	8.2 Treatment of Physical Constants
	8.3 Why the Framework Is Not Re-Labeling
	8.4 Uniqueness Claims

	9. Falsifiability and Experimental Touchpoints
	9.1 Principles of Falsifiability
	9.2 Quantum-Scale Tests
	9.3 Gravitational Tests
	9.4 Cosmological Signatures
	9.5 Summary of Falsification Criteria

	10. Limitations and Open Problems
	10.1 Scope of Validity
	10.2 Underdetermined Parameters
	10.3 Quantum Field Theory Extension
	10.4 Strong-Field Gravity
	10.5 Summary of Open Problems

	Appendices
	Appendix A: Thermodynamic Bounds on λ
	A.1 Definition
	A.2 Physical Interpretation
	A.3 Bounds
	A.4 Measurable Regimes

	Appendix B: Hilbert Space Uniqueness
	B.1 Assumptions
	B.2 Argument

	Appendix C: Spin-2 Necessity
	C.1 Step 1: Universal Coupling Requires Spin-2
	C.2 Step 2: Deser Bootstrap
	C.3 Conclusion

	Appendix D: Entropic Stress-Energy Tensor
	D.1 Construction
	D.2 Conservation
	D.3 GR Limit
	D.4 Parameter Constraints

	Appendix E: Entropy Quanta and Gravitational Bounds
	E.1 Bekenstein Bound
	E.2 Bekenstein-Hawking Entropy
	E.3 Bit Count
	E.4 Consistency

	Appendix F: Readiness as Order Parameter
	F.1 Definition
	F.2 Mixed States
	F.3 Entropy Production
	F.4 Transition Character
	F.5 Decoherence Connection

	Appendix G: Technical Clarifications, Constraints, and Failure Modes
	G.1 Readiness Functional 𝒜: Threshold, Scaling, and Failure Mode
	G.2 Thermodynamic Coupling λ: Scaling, Extraction, and Collapse Limits
	G.3 Entropy Field S: Definition, Dynamics, and Exclusions
	G.4 General Relativity Limit: Explicit Consistency Check
	G.5 Conditional Uniqueness and Scope
	G.6 Status of Incompleteness

	References

