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Principal Results

This paper derives the form of Newtonian gravity, reduces Newton's constant to a single
structurally constrained normalisation sector, and provides a structural derivation sketch of the
linearised Einstein action — all from first principles within the Void Energy-Regulated Space
Framework (VERSF). The chain of results, in order of derivation:

1. The gravitational field law is derived, not assumed.

Under locality, isotropy, linear additivity, ellipticity, and sourcing by bound committed
distinguishability, the Poisson equation V2® = 4nKp bound is the unique admissible static field
law. The inverse-square law g o< 1/r? follows automatically as the unique vacuum solution.
Neither is postulated.

2. Newton's constant is reduced to one scale.
The full gravitational coupling reduces to G = (A/C) &c3/h. All remaining freedom is confined to
the coherence scale § and the dimensionless coefficient C.

3. The normalisation sector is derived from binary closure architecture.

The coefficient A/C is determined by four structural properties of the fold interface (K = 7 from
the hexagonal closure cell structure, conditional on the Interface papers; N _loop = 14 from

N _loop =2K):

Factor Origin Value
A . o : 27M{—196} ~
27{—=2KN loop} Binary closure admissibility x loop-closure necessity 6.2%10-60
I/N_loop General N-channel scalar projection theorem 1/14
. Working assumption in ideal closure limit (exhaustiveness 1

asserted, not proved)

Each structural factor is derived. The total suppression explains why gravity is ~60 orders of
magnitude weaker than naive dimensional estimates — as a theorem of the fold architecture, not
a coincidence.



4. The coherence scale and scale bridge are derived.

In the ideal closure limit (n = 1), the suppression law forces  coh = 79 pm, self-consistent with
the independently constrained VERSF decoherence band. The bridge exponent y = 3/8
connecting & coh to & fold is structurally derived in two steps: one-pass vs two-pass architecture
(factor 1/2) x amplitude-complete, closure-incomplete fold sectors (factor 3/4), giving { coh =
2M(3/8)KN loop} - & fold = 69 um from & fold ~ 0.6 fm. The fold-sector transport algebra
(P_cohH fold=H {A:} @ H {A:} @ H_{Ri:}) is the remaining proof.

5. Earth's surface gravity is reproduced.
The derived field law and suppression structure give g @ = 9.8 m s2 from the committed mass
of the Earth (Appendix E).

6. The linearised Einstein action: structural derivation sketch (Part I'V).

The four-state fold structure and the 6+1 hexagonal closure architecture produce a structural
derivation sketch of the Fierz—Pauli coefficient pattern (A, B, C, D) = (+1, =2, —1, +2) through
four grounded steps: full-weight edge transport (o = 1); half-weight record compression (6 =
1/2); scalar ghost cancellation ( +y = —1); closure as global constraint (u =v =w = 0). The null
mode 6S = 0 is verified by explicit term-by-term continuum calculation with three independent
cancellations, each pinning a specific coefficient ratio. The discrete mismatch 6(A_ah) =0 is
derived from admissibility-covariance of the transport map. The VERSF stress-energy tensor
TA{VERSF} {uv} is defined with the correct Newtonian limit and natural radiation extension.

Open items — all calculational, not conceptual:

(1) Explicit C[h] construction from the discrete VERSF action, proving 6C[h] = 0 — the step that
converts GR reproduction into first-principles derivation.

(i1) Fold-sector transport algebra completing y = 3/8.

(ii1) Structural arguments for transport parameters a, o, p+y from fold dynamics rather than
naturalness reasoning.

(iv) K = 7 self-contained derivation within this paper (currently conditional on Interface papers).

How Gravity Works: An Intuitive Picture

To understand gravity in this framework, it helps to start with something simple: the difference
between empty space and structured matter. Empty space is almost featureless — there is very
little going on. By contrast, something like the Earth is packed with tightly bound structure, built
from atoms and held together by strong interactions. The key idea is that this difference is not
just descriptive — it changes how the universe behaves locally.

At the smallest level, the universe is constantly updating itself. Tiny changes are happening
everywhere, all the time. But those changes do not happen equally in all places. In empty space,
new structure has to form from scratch, which is difficult. Near existing structure, however, there
are many ways for new arrangements to fit in with what is already there. In other words, it is
easier for new structure to form in regions where structure already exists.



This creates a natural imbalance. Regions with a lot of structure effectively make it easier for
further structure to appear nearby, while emptier regions do not. As a result, there is a steady
tendency for physical systems to evolve toward places where structure is already concentrated.
Nothing is being pulled in a mysterious way — rather, the underlying process that updates
physical reality is slightly biased toward those regions.

When we observe this effect at everyday scales, it appears as gravity. If you drop an object, it
falls toward the Earth not because a force is reaching out and pulling it, but because the object's
internal structure is constantly updating in a way that is subtly more likely to continue in the
direction of the Earth. Over time, this small bias adds up to a smooth, accelerating motion
inward.

The strength of gravity depends on how much structure is present. A more massive object
contains more tightly bound structure, and therefore creates a stronger bias in its surroundings.
This is why the Earth pulls more strongly than a small object, and why stars and planets
dominate their environments. The same underlying rule applies everywhere — more structure
leads to a stronger tendency for nearby systems to move toward it.

This picture also explains why gravity is so weak compared to other forces. For the influence of
one region to affect another over long distances, the underlying structural signal has to pass
through many layers of constraints. Almost all of it cancels out along the way, and only a tiny
residual survives. That tiny surviving effect is what we measure as gravity.

At larger scales, there is an additional requirement: all of this structure must fit together
consistently across space. When that consistency is enforced everywhere, the resulting behaviour
matches Einstein's description of gravity. In that sense, Einstein's theory can be understood as the
large-scale consequence of this microscopic process of structure forming and fitting together.

In summary, gravity is not something added to the universe as a separate force. It is the natural
outcome of how physical structure grows and stabilises. Regions that already contain structure
make it easier for more structure to form nearby, and this creates the effect we experience as
gravitational attraction.

For the General Reader

Everything in the physical world is distinguishable from everything else — no two things are
truly identical in every respect. This paper asks: what is the smallest possible unit of
distinguishability? It turns out that answering this question carefully leads, step by step, to a
constrained form of gravity.

In the framework developed here, the smallest unit of distinguishability is called a fold. A fold is
not an abstract piece of information — it is a physical structure with four internal states, like a
tiny switch that can exist in superposition before it "decides," then locks irreversibly into one of
two outcomes. Once locked, it cannot revert without paying an energy cost. That locking is what



we mean by irreversibility, and it is the origin of physical mass: the more folds a system has
locked in, the more massive it is.

Because folds must fit into space without overlapping, and because they can only influence their
neighbours one step at a time, there is a minimum size a fold can have. This minimum size —
called & (xi) — turns out to determine Newton's gravitational constant G. Regions with more
locked folds are denser, and the universe tends to flow toward higher fold density. That flow is

gravity.

A critical distinction underlies everything that follows: ficks and bits are not the same thing. A
tick is one reversible update of the substrate — a step that could, in principle, be undone. A bit is
an irreversible commitment — a fact that cannot be erased without an energetic cost. Time is not
simply a count of ticks. Time is the ordered accumulation of committed bits. This distinction is
not semantic; it is the structural key to understanding why gravity couples to mass rather than to
mere activity.

The result is a single chain of necessity:
Binary distinguishability — folds — entropy quanta — energy at scale & — £ determines G

Gravity is not a separate law added to the framework. It emerges from the same structural
constraints that produce quantum behaviour.

What this paper proves. Starting only from the requirement that facts can exist and be
distinguished, the paper shows four things. First, the inverse-square law of gravity — the
familiar rule that gravitational pull weakens with the square of distance — is the only admissible
form a gravitational law can take under the structural constraints the framework argues are
necessary (locality, isotropy, linearity, ellipticity, and sourcing by committed distinguishability).
It is not put in by hand; it falls out as the unique answer under those constraints. Second,
gravity's extraordinary weakness compared to other forces is explained: it is weak because
maintaining a locked fold requires satisfying many independent structural conditions
simultaneously, and only an extraordinarily small fraction of the underlying activity survives as a
long-range gravitational signal. Third, the minimum size a fold can have works out to roughly 79
millionths of a metre — a prediction the framework reaches from the suppression structure,
which is self-consistent with constraints from decoherence arguments that do not feed into the
gravitational calculation. The familiar acceleration of 9.8 metres per second squared that holds
objects to the Earth follows directly. Fourth — and this is the most ambitious result — the same
fold structure that produces Newtonian gravity also produces, through a more detailed analysis of
how neighbouring folds must fit together consistently, the full tensorial law of General
Relativity. The paper does not complete this last derivation in every detail, but it reduces it to
two specific remaining calculations and shows that all the major structural steps follow from the
fold architecture rather than being imposed from outside.

Abstract



We present a unified derivation chain connecting the most primitive feature of the Void Energy-
Regulated Space Framework (VERSF) — binary distinguishability — to Newton's constant and,
in a structural derivation sketch, to the linearised Einstein action. A fold is the minimal physical
unit of distinguishability, comprising a four-state internal structure (two pre-commitment
amplitude configurations and two post-commitment record configurations) whose irreversible
dynamics support exactly one bit of extractable information. The requirement that folds remain
finite, irreversible, and causally consistent forces a coherence scale &, from which both quantum
behaviour and gravitational coupling emerge.

The paper has four parts. Part I states the five-step derivation chain: binary necessity forces
folds; folds carry entropy quanta k B In 2; entropy quanta set the energy per fold at the causal-
localisation scale 4c/E; finite distinguishability forces & via the Causal Constraint Condition
(CCC); and & determines the form of G. Part II recovers the Newtonian inverse-square law as
the unique admissible solution under five structural constraints and the fold-density sourcing
identification, with the field equation V2® bound = 4nAc*E p_bound derived — not postulated —
from continuity, a unique constitutive law, and source identification. Part III reduces Newton's
constant to G = (A/C) &c*/h and derives the full normalisation sector: the binary suppression
2M{—2KN loop}/N_loop follows from the loop-closure necessity lemma and the General N-
channel Scalar Projection Theorem (K = 7 from the hexagonal closure cell, conditional on the
Interface papers); n = 1 is the working assumption in the ideal closure limit; & coh =79 pum is
derived from the suppression law; and the bridge exponent y = 3/8 connecting & coh to _fold is
structurally derived from one-pass vs two-pass architecture (factor 1/2) and amplitude-complete
fold sectors (factor 3/4). Part IV develops an emergence programme for linearised General
Relativity: the four-state fold structure and 6+1 hexagonal closure architecture produce a
structural derivation sketch of the Fierz—Pauli coefficient pattern (A, B, C, D) = (+1, =2, -1, +2)
through four steps each grounded in the fold architecture; the null mode 3S = 0 is verified by
explicit term-by-term continuum calculation with three independent cancellations; the discrete
mismatch 3(A_a h) =0 is derived from the admissibility-covariance of the transport map; the
VERSF stress-energy tensor T*{VERSF} {uv} is defined with correct Newtonian limit and
natural radiation extension; and the full discrete proof reduces to writing C[h] from the fold
architecture and showing 6C[h] = 0 — the step that converts reproduction into first-principles
derivation.

Open items, all calculational: (1) self-contained derivation of K = 7 within this paper; (ii) fold-
sector transport algebra completing y = 3/8; (iii) structural derivation of transport parameters a,
d, p+y from fold dynamics; (iv) explicit C[h] construction completing the discrete gauge-
invariance proof.

Relationship to the Companion Paper

This document is a strengthened and extended version of the companion paper " Gravity from
Fold Density Gradients: A Unified VERSF Derivation — From Binary Necessity to
Newton's Constant" (Taylor, K., VERSF Theoretical Physics Program, AIDA Institute). That
paper establishes the formal skeleton of the derivation: the uniqueness of the Poisson sourcing



law, the fold-density field equation, the dimensional reduction to G = (A/C) £2c*/h, and the
identification of the closure premium I'_c as the central open quantity. Readers should treat the
companion paper as the primary formal reference for Part II and the core of Part III.

The present document makes six contributions beyond the companion paper:

1. The tick/bit distinction is elevated to a foundational section (Section 3). The
companion paper uses fold and commitment language throughout, but does not explicitly
formalize the distinction between reversible substrate ticks and irreversible committed
bits, nor the consequence that gravitational time dilation is correctly interpreted as a
modulation of commitment-production efficiency rather than a slowing of substrate
oscillation.

2. The Poisson equation is derived rather than argued for (Section 10.5). The
companion paper justifies the field law through five structural exclusion conditions. The
present paper replaces this with a genuine derivation: continuity equation — unique
constitutive law — unique source identification — Poisson equation as the only
remaining equation. The inverse-square law then follows automatically as the vacuum
solution. This is a materially stronger claim.

3. A pre-temporal commitment potential ¥ is introduced (Appendix D). The companion
paper derives gravity through the bound-information field ® bound. The present paper
additionally frames the gravitational object as a commitment potential — a pre-temporal
bias field — removing any residual dependence on acceleration language at the
fundamental level.

4. A complete derivation of the normalisation sector is developed (Sections 20—-21). The
companion paper identifies I'_c and C as open quantities. The present paper derives the
full normalisation structure: the binary suppression 2 {—2KN _loop}/N_loop from the
loop-closure necessity lemma and the General N-channel Scalar Projection Theorem; n =
1 in the ideal closure limit; £ coh =~ 79 um from the suppression law; and a structural
derivation sketch of the bridge exponent y = 3/8 from two independent steps: one-pass vs
two-pass architecture (factor 1/2) and amplitude-complete fold sectors (factor 3/4).

5. A structural derivation sketch of linearised General Relativity is developed (Part
IV). The companion paper does not address GR. The present paper establishes that the
four-state fold structure and 6+1 hexagonal closure architecture produce the Fierz—Pauli
coefficient pattern (A, B, C, D) = (+1, =2, —1, +2) through four structural steps: a =1
from full edge transport, & = 1/2 from record sector compression,  +y = —1 from scalar
cancellation, and u = v =w = 0 from the global closure constraint. The explicit null mode
demonstration is the remaining step.

6. The BCB-VERSEF bridge is made explicit (Section 2.1). The companion paper does not
systematically map BCB quantities to VERSF commitment variables. The present paper
provides an explicit correspondence table and shows the gravitational source term
follows from BCB's 6 o« p_m scaling law.

Where content overlaps, the companion paper should be taken as authoritative on formal
derivations. The present paper extends, strengthens, and in places reframes that content for
greater internal consistency with the broader VERSF programme.
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PART I: THE UNIFIED FRAMEWORK

1. The Core Statement

Across the VERSF programme — from Bit-Tick ontology through BCB, TPB, topological
thresholds, and the gravity derivation — a single chain of necessity connects the most primitive
structural feature of reality to Newton's constant. This paper states that chain explicitly.

A fold is the minimal physical unit of distinguishability, comprising a four-state internal
structure (two pre-commitment amplitude configurations and two post-commitment record
configurations) whose irreversible dynamics support exactly one bit of extractable
information. The requirement that folds remain finite, irreversible, and causally consistent
forces a coherence scale &, from which both quantum behaviour and gravitational coupling
emerge.

What this paper establishes: We derive the unique admissible form of gravitational sourcing
from fold ontology, reducing the remaining freedom to a finite normalization sector. The
inverse-square structure is not assumed — it emerges as the only admissible isotropic, local,



scale-consistent sourcing law compatible with fold conservation and the coherence constraints
imposed by the CCC. What remains undetermined is a single normalization constant, which we
reduce to microscopic fold parameters (the closure premium I" ¢ and the coherence scale &). The
formulation does not derive Newtonian gravity from nothing. It derives the unique admissible
form of the gravitational field law from fold ontology, and reduces the coupling to the coherence
scale &.

Note on the four-state structure: The claim that a fold has exactly four internal states is
established in the VERSF Binary Foundations paper. The minimum local Hilbert structure
supporting exactly one irreducible binary outcome under irreversible dynamics requires four
states: a superposition space of dimension two (the amplitude sector) and a record space of
dimension two (the committed sector). Two states would conflate amplitude and record; six or
more would admit multiple irreducible outcomes. The four-state structure is therefore not a
choice but a theorem within the binary foundations framework.

2. Foundational Basis — Commitment and Record
Dynamics

The present derivation of gravitational sourcing is not standalone. It sits within a broader VERSF
programme in which physical structure is grounded in irreversible fact production.

In this framework, a physical fact corresponds to a committed distinction — an irreversible
record formed when a reversible configuration crosses a commitment threshold and becomes
stable under finite-resource observation.
Commitment events are governed by three necessary conditions:

o finite distinguishability

e irreversible correlation export

o finite localisation capacity
which together define the admissible structure of physical reality.
A key consequence is that causal propagation is not carried by amplitudes alone, but by
committed distinguishability — stable records that persist and constrain downstream outcomes.
This leads to the structural identification:

Physical causation = propagation of committed records

which implies that any macroscopic force law must ultimately be grounded in the dynamics of
commitment density.



The present derivation does not assume gravitational dynamics independently. It follows from a
structural chain: physical laws require observer-comparable causal relations; causal relations
require stable record carriers; record carriers define a conserved commitment current; gradients
in this current produce macroscopic constraint propagation. Since record carriers must remain
independently readable and cannot be freely created or destroyed under admissible dynamics,
their total distinguishability content is conserved, forcing a continuity equation for the
commitment current.

2.1 Foundational Equivalence: BCB Flow and VERSF Commitment Dynamics

The gravity derivation in this paper sits at the intersection of two VERSF components that must
be understood as one unified structure, not two parallel theories.

BCB (Bit Conservation and Balance) establishes that distinguishability — the capacity of the
substrate to sustain distinct configurations — is a conserved quantity governed by a flow law. It
is the substrate-level conservation principle.

VERSEF fold/closure dynamics provides the microscopic mechanism implementing that
conservation: each fold commitment is one irreversible unit of distinguishability production,
governed by the closure architecture.

These are the same physics at different levels of description. The mapping is exact:

BCB quantity VERSF quantity Physical meaning

s (distinguishability p_bound (committed Trreversible facts per unit volume

density) fold density)

J s (distinguishability J bound (commitment Flow of committed structure

flux) flux)

Entropy potential S ® bound Local bias for further commitment

Continuity equation Commltment Conservation of irreversible facts
conservation

o o p_m scaling Mass-energy sourcing Matter sources distinguishability proportional

to mass-energy density

This mapping has a direct consequence for Section 10: the source term S « p_bound in the field
equation derivation is not an ad hoc identification. It follows from the BCB scaling relation ¢ «
p_m, which requires that matter sources distinguishability density proportional to mass-energy
density. The source term is the BCB scaling law expressed in VERSF commitment variables.
This is what makes the source identification in Section 10.5 unavoidable rather than merely
plausible.

3. The Tick/Bit Distinction and Emergent Time
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One of the most important structural clarifications in the VERSF programme concerns the
relationship between ficks and bits. These are not the same object, and conflating them generates
errors in both the interpretation of time and the interpretation of gravity.

A tick is a reversible update step — one primitive evolution of the substrate that could, in
principle, be undone. Ticks are the substrate's clock, but they are not yet facts.

A bit (equivalently, a fold commitment) is an irreversible distinction — a fact that has crossed

the commitment threshold and cannot be erased without paying an energetic cost at least equal to
the commitment barrier @ c.

The relationship between them is:

1 bit ~ N _ticks ticks, with N_ticks > 1

The minimum is one tick per bit (in principle), but in general many reversible steps are required
before irreversibility is achieved. This asymmetry is not a deficiency — it is the mechanism by

which the framework avoids smuggling time in at the fundamental level.

Emergent time: Time in VERSF is not a background parameter. It is the ordered accumulation
of committed bits. A clock does not measure ticks; it measures commitments. This means:

Time = ordered sequence of irreversible facts

and not raw substrate oscillation. The temporal parameter ©_eff introduced later is an emergent
continuum representation of accumulated commitment ordering — it is not assumed at the
substrate level.

Gravity as tick-to-bit modulation: This distinction gives a precise VERSF interpretation of
gravitational time dilation. In a high-gravity region (high fold density, substrate near saturation),
it takes more reversible ticks to produce one irreversible bit. Clocks run slow not because ticks
slow down, but because the efficiency with which ticks produce commitments decreases.

Formally, if N _g denotes ticks-per-bit in gravitational environment g:

Stronger gravity = N_g 1 = fewer commitments per reversible interval = slower emergent
time

This is the correct VERSF interpretation of gravitational time dilation, grounded entirely in
commitment-production efficiency rather than background geometry.

4. The Five-Step Derivation Chain

Step 1 — Binary Necessity Forces Folds

11



Reality must be distinguishable. No smaller unit of distinguishability exists than a binary
distinction. The void substrate is the zero-entropy ground state: undifferentiated, structureless,
carrying no distinctions.

A fold is the minimal physical unit of distinguishability, comprising a four-state internal
structure whose irreversible dynamics support exactly one bit of extractable information.
Irreversibility is built into the structure: a fold cannot return to the void state without an energetic
cost exceeding the commitment barrier @ _c. A fold is the unit that sets both energy scale and
geometric response.

Binary necessity = folds as minimal physical units

Step 2 — Folds Carry Entropy Quanta

A fold is an irreversible distinction. By the primitive commitment entropy result — derived
structurally from TPB commitment dynamics and matched to thermodynamic entropy under the
physical entropy identification — each irreversible binary commitment carries:

AS >k B In 2 (per fold)

The entropy of a system is proportional to its fold count. The fold density n_f=Q bound/V is
the physical entropy density of committed structure.

Folds = entropy quanta (k_B In 2 per fold)

Step 3 — Entropy Quanta Set the Energy Per Fold (Conditional on Collapse
Ansatz)

Assuming the single-scale collapse demonstrated in Part III — that all energetic contributions to
a fold are built from the substrate causal-localisation threshold — the fold energy is constrained
to:

¢ _fold = C hc/§

where C = A + B(1 + " _c) is a dimensionless structural coefficient. This step is conditional: it
holds if and only if the collapse ansatz for @ c is valid, i.e., if the commitment barrier does not
introduce an independent energy scale. The collapse ansatz does not introduce a new scale — it
asserts that no additional independent scale exists beyond &. Its validity is therefore testable: any
observed second energy scale in fold energetics would falsify it.

Entropy quanta = energy per fold (¢_fold = C %c/&, conditional on collapse ansatz)

Step 4 — Finite Distinguishability Forces the Coherence Scale &

Distinguishability cannot be infinitely fine-grained. The VERSF coherence scale & is the
minimum cell size at which the void can sustain a stable fold. It is forced by three requirements:
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folds must be finite (occupying a definite cell), irreversible (stable against fluctuations below
® c), and causally consistent.

TPB — Ticks-Per-Bit — is a pre-temporal commitment index, not a duration in prior time. The
Causal Constraint Condition (CCC) identifies the maximum commitment propagation speed with
c at the emergent continuum level, where t_eff = &/c is an emergent continuum relation valid
once time has been reconstructed from accumulated commitments.

Finite distinguishability = coherence scale &
Step 5 — & Determines the Gravitational Coupling

The mass of any system is its fold count weighted by the mass per fold. The fold density sources
a gravitational potential through the unique admissible field law (Part IT). Newton's constant is
constrained to the form:

G = (\MC) &c%/h

The structure of G is fixed by fold ontology and the CCC. The remaining freedom is confined to
the coherence scale § and the dimensionless coefficient C.

Coherence scale £ = gravitational coupling G (structure fixed; normalization = C)

The Chain in Full

Binary necessity

!
Folds

!
k B 1n 2 / fold

1

C hc/& per fold «— [conditional on collapse ansatz]
!
13 —— [forced by CCC + finite distinguishability]
!

G = (A/C) E£2c3®/h

Each arrow is a structural implication, not an analogy. No external physical constant enters
except ¢ (via the CCC) and % (via the quantum localisation scale). G is constrained to a unique
admissible form, not assumed.

S. Why Gravity Is Not Separate
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In conventional physics, gravity is introduced through a separate postulate — the equivalence
principle, the Einstein field equations, or the Newtonian inverse-square law. It coexists with
quantum mechanics as an independent structure.

In VERSEF, gravity is not introduced. Mass is not a primitive property but the macroscopic
manifestation of sustained commitment density. A physical system persists only by continuously
generating irreversible records that stabilise its structure. The rate at which such records must be
produced defines its commitment density p_c, and hence its mass:

p_mass X p ¢

where p_c is the density of completed commitment events per unit volume. Mass is the inertial
cost of maintaining committed structure, and gravitational sourcing arises from how such
commitment modifies the surrounding substrate.

This makes gravity the macroscopic expression of commitment-density gradients:

Concept VERSF Identity

Mass  Fold count near saturation

Inertia Resistance to reconfiguring committed folds

Gravity Gradient of fold density, driving uncommitted regions toward commitment
Time  Accumulated fold commitment ordering

These are four faces of one process: the dynamics of fold formation, stabilisation, and
propagation. Gravity is the macroscopic expression of fold density gradients — not a separate
force added to the framework, but the inevitable response of uncommitted structure to the
gradient of committed structure.

Why gravity appears weak: Gravity is not intrinsically feeble — it appears weak because only
a small residual of the underlying distinguishability flow survives after full constraint satisfaction
and channel competition in the fold interface architecture. The binary suppression across the
complete closure loop (Section 20) reduces the fraction of distinguishability flux that propagates
coherently to macroscopic distances to roughly 107°. What we observe as Newton's constant is
this residual. Gravity's weakness is not a mystery requiring fine-tuning — it is the quantitative
signature of the fold architecture's constraint depth.

6. Alignment with Prior VERSF Work

VERSF Component Role in the Chain
Binary Foundations Step 1: binary necessity forces folds
Bit-Tick ontology Steps 1-2: folds = bits; ticks = commitment ordering
BCB Step 2: distinguishability conserved; geometry from flow

14



VERSF Component Role in the Chain

Topological threshold/  Steps 2-3: irreversibility requires structure; commitment = trapped
RAL information

TPB Steps 3—4: commitment rate sets energy and time scales
CCC Step 4: finite distinguishability forces & and ¢
This paper Step 5: & determines G via fold density gradient law

A determination of & from independent microphysical dynamics — for example from the closure
entropy calculation of Part III — that matches the gravitational normalisation G = (A/C) £*c*/h
would constitute a decisive test of the framework.

PART II: GRAVITY FROM FOLD
DENSITY GRADIENTS

The formal derivations in this Part build directly on the companion paper "Gravity from Fold
Density Gradients: A Unified VERSF Derivation" (Taylor, K., AIDA Institute). Readers seeking
the primary formal treatment of the field equation uniqueness proof and the Poisson sourcing
structure should consult that paper. The present Part incorporates those results, strengthens the
uniqueness argument in Section 10.5, and adds explicit framing of the pre-temporal commitment
potential.

7. Foundations

Within VERSEF, physical reality is grounded in three primitives:

Distinguishability: A bit represents the minimal distinguishable deviation from the void state —
the first departure from zero-entropy uniformity, not an object placed upon a pre-existing
medium.

Emergent time: TPB is a pre-temporal commitment index — a count of primitive update
opportunities required for irreversibility. A macroscopic effective time interval t_eff can be
introduced only at the emergent level where continuum time has been reconstructed from
accumulated commitments. The relation ©_eff = 1o - TPB is an emergent continuum
representation, not a substrate-level identity.

The void substrate: A zero-entropy background from which structure emerges through entropy
gradients.

The present paper makes explicit what earlier VERSF work left implicit: the gravitational source

term is specifically bound/committed distinguishability rather than raw distinguishability. We
write M o I_bound, where I bound counts only those bits that have undergone irreversible TPB

15



commitment. This is not an identification of convenience. In the Standard Model, approximately
99% of the mass of ordinary matter arises from QCD binding energy — not from the intrinsic
masses of fundamental particles. Mass reflects constraint density, not information content per
se.

8. Formal Definition of Bound Information

Let the void substrate be partitioned into elementary cells of characteristic size &. Each cell
carries a distinguishability register classified as either free (not yet committed; transient) or
bound (committed via an irreversible TPB transition; entropy-stable, persistent).

Definition 8.1 (Bound information). The bound information I bound of a spatial region V is:
I bound =[ V p_ bound(x) d*x

where the bound distinguishability density is:

p_bound(x) =N _committed(x) / & [L7]

and N_committed(x) is the (dimensionless) number of bits at x that have completed at least one
irreversible TPB transition and remain in a stable, correlated state.

Operational criterion: A bit is classified as bound if and only if:
1. It has completed a TPB commitment event (irreversible entropy increase), and
2. Its state remains correlated with at least one neighbouring cell across at least one TPB

update cycle.

The second condition — the persistence criterion — distinguishes structural binding from
transient correlations.

Physical identification: A committed bit is a fold that has completed the four-state commitment
cycle irreversibly. We define fold density as:

n f=p bound =N committed / &

Mass is proportional to total fold count: M =p _fold - n f- V.

9. The Dynamical Postulates
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Postulate 3 (Constraint Gradient Dynamics): Gravitational acceleration is the gradient of a
scalar potential ® bound derived from the bound information field:

g(x) =—VO_bound(x)
The field equation relating ® bound to p_bound is Postulate 5 (Section 11). Gravity is always
attractive because p_bound > 0 everywhere and free bits can only flow toward, never away from,

commitment opportunities.

Postulate 4 (Gradient-Driven Flux): Gradients in bound information density drive a
compensating flux:

J bound =—-D eff Vp bound
This has the mathematical structure of Fick's First Law, but its physical basis is distinct — TPB
commitment is irreversible and causal, not equilibrating. The physical motivation is asymmetric

commitment recruitment: free bits adjacent to high-p_bound regions have more correlation
partners and lower commitment barriers, producing a net flux toward higher constraint density.

10. Dynamical Origin of k: A TPB-Flux Derivation

The coupling « is structurally constrained by three features: conservation of bound information,
the gradient-driven flux, and the causal propagation speed.

10.1 Bound Information Continuity
Bound information satisfies a local continuity equation:
Op_bound/ot+ V-J bound=S TPB

In vacuum (S_TPB = 0): V-J _bound = 0. This follows from the irreversibility of TPB
commitment: committed bits do not spontaneously uncommit.

10.2 The Effective Transport Coefficient

The effective transport coefficient D _eff governs the propagation rate of constraint formation:
D eff ~ &/t eff

Under the CCC (Section 10.3), D eff ~ &-c.

10.3 The Causal Constraint Condition and the Emergence of ¢
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At the substrate level, one TPB commitment advances structure by one cell of size & per update
opportunity. In the emergent continuum description, the maximum rate at which the commitment
frontier can advance is:

v_causal = &/t_eff

The saturation of this bound identifies ¢ as the continuum shadow of the substrate's maximum
commitment rate:

¢ = (&/1_eff)|_saturated = 1_eff=¢&/c

Both ¢ and t_eff are emergent continuum representations of the same underlying commitment-
rate structure.

10.4 Derivation of x

The minimal dimensionally consistent combination of D eff, &, and t_eff arising from the
constitutive and causal structure is:

Kk=AD eff&/t eff

Dimensional check: [IL? T -L*- T']=[L°T?]V
With D_eff/t_eff = ¢? under the CCC:

K=Ac*&

K is constrained by: (1) conservation of bound information; (2) gradient-driven flux at rate D_eff
~ &/1_eff; (3) CCC fixing D_eff/t_eff = c2. Only the efficiency factor A remains free.

Note on the role of k: k = Ac*E? has dimensions [L°T 2], appropriate for the acceleration-gradient
formulation. In the Poisson formulation, the operative coupling is Ac*E = /& with dimensions
[L*T2]. The & reduction arises because the Laplacian introduces two spatial derivatives.

10.5 First-Principles Derivation of the Poisson Equation

The field law is not postulated — it is derived. The argument proceeds in four steps from
primitives already established in the framework.

Step 1: Continuity is unavoidable.

Committed folds are persistent records. In the absence of local creation or destruction, their
density satisfies:

Op_bound/ot+ V-J bound =S
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where S is the local rate of commitment production. In the static sourced regime (0p_bound/ot =
0):

V-J bound =S

This is the skeleton of the field equation: wherever committed structure is being sustained, there
must be net convergent flux into that region.

Step 2: The constitutive law is uniquely forced.

The substrate is local, isotropic, scalar in the static limit, and linear for weak fields. The lowest-
order admissible constitutive relation between a scalar potential and a vector flux is therefore:

J bound = —y V® bound

This is not a choice — it is the unigue linear isotropic first-derivative relation between a scalar
potential and a vector flux. Higher-order or nonlinear terms are excluded in the weak-field
regime by the requirement of linear superposition and the absence of additional length scales: a
second-derivative flux term would introduce a new length scale, and nonlinear terms would
destroy additivity of independent sources. Nothing else is admissible.

Bridging note (connecting to Section 10.4): Section 10.4 defines the flux constitutively as

J bound =—-D eff Vp bound. The two expressions are consistent: in the weak-field static
regime, Vp_bound and V@ bound are proportional — ® bound is the potential whose gradient
drives commitment flux, while p_bound is the density that field reflects. The two formulations
are equivalent representations of the same physics; the potential form is more natural for deriving
the field equation, the density-gradient form more natural for the transport structure. The
coefficient y absorbs the proportionality factor between them.

Substituting into the continuity equation with spatially constant y:
V2@ bound = —S/y
The entire problem now reduces to identifying the source term S.
Step 3: The source term is uniquely identified.
In VERSEF, gravity is sourced not by raw substrate activity but by sustained committed structure.
The source term S must satisfy five conditions simultaneously: it must be (i) scalar, (ii) local,
(iii) linear, (iv) static, and (v) non-negative for positive committed matter. Examining every
candidate constructed from committed structure:

e Vp bound: excluded — it is a vector, not a scalar

e V?p bound: excluded — it introduces an extra derivative order and can be negative

e p bound’: excluded — nonlinear, breaks superposition
e nonlocal integrals of p_bound: excluded — violate locality
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e p_bound itself: scalar v/, local v, linear v/, static v/, non-negative v/

p_bound is the only scalar, local, additive, non-negative quantity constructed from committed
structure. It is therefore the unique admissible source — not the best choice among several, but
the only one that survives all five conditions. This identification is additionally backed by the
BCB scaling argument: matter sources distinguishability density proportional to mass-energy
density (¢ « p_m), which in VERSF commitment variables requires S « p_bound. Therefore:

S =—a p bound, a >0

which gives:

V2@ bound = (a/y) p_bound

Defining 4nK = a/y:

V2® bound = 47K p_bound

Step 4: Eliminate remaining candidates.

The general linear second-order local scalar field equation has the form (ao + a2V?)® =b p. The
ao® term must vanish: it would produce Helmholtz/Yukawa behaviour (V> — m?)® « p,
introducing a propagation length m™' as an independent scale for field propagation.

A referee might ask:  is already a preferred length in the framework — why doesn't it generate a
Yukawa term with range £? The answer is that & governs source discreteness, not field
propagation. The Yukawa mass term m? would introduce a scale governing the decay of the
potential itself at large distances — a fundamentally different role. The VERSF substrate
introduces no preferred scale for how the commitment potential decays once sourced; it only sets
the scale at which sources are discrete. The fold cell spacing & enters through p_bound =
N_committed/&? (the source), not through a mass gap in the field equation. Introducing a mass
gap would require a physical mechanism by which the void substrate preferentially damps the
long-range commitment potential — no such mechanism exists in the framework, so m?* =0 is
not an assumption but the absence of a mechanism that would require positive evidence to
introduce.

Higher-derivative terms (V*® and above) generate exterior Green's functions that grow rather
than decay at large r, violating the physical requirement that the potential vanish at infinity.

Nonlinear terms break additivity in the weak-field regime, already excluded in Step 2.

The Poisson equation is therefore not merely allowed — it is the only remaining equation.
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Theorem (Uniqueness of the Static Gravitational Field Law). In the static weak-field regime,
under the assumptions of locality, isotropy, linear additivity, ellipticity, and scalar sourcing by
bound committed distinguishability, the unique admissible field equation is:

V2@ bound = 4nK p bound

The inverse-square law g o< 1/r? is the unique spherically symmetric vacuum solution of this
equation.

Identification with the VERSF coupling: The derivation above produces coupling K = o/y. The
paper writes K = Ac?E, so:

o/ = Ac?§
Here c enters through the CCC, & through finite fold size, and A captures unresolved

microdynamic efficiency. The field law is structurally grounded; the remaining uncertainty is
isolated in A, where it belongs.

11. The VERSF Field Equation and Inverse-Square Law

Postulate 5 (Bound Information Field Equation): The gravitational potential ® bound
satisfies:

V2@ bound = 41 Ac*E p_bound(x)

from which, using Postulate 3:

V-g =—4n \c*¢ p_bound(x)

Dimensional check: [V*® bound] =s2; [Ac?{ p_bound]=m?s2 - m-m3*=s2V

This equation is labelled a postulate for clarity of logical structure, but Section 10.5 establishes
that it is in fact derived — the unique admissible outcome of continuity, the constitutive law, and

source identification. It is not assumed.

The inverse-square law follows automatically. Outside the source p bound = 0, so V*® bound
= 0. For spherical symmetry:

(1/) d/dr (2 d/dr) = 0 = d(r) = —C/r + Co

Therefore:
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g(r) =—-VO(r) o< 1/12
The inverse-square law is not added as a separate assumption. It is the unique spherically
symmetric vacuum solution of the unique admissible field equation. For a localised source with

total bound information Q bound = [p_bound d*x:

g(r) =—(Ac*¢ Q bound /r?) t

12. Mass, Time, Gravity, and Inertia

Concept VERSF Meaning Mathematical Object
Mass  Density of committed (bound) folds p_bound

Time  Rate of fold commitment — emergent from TPB ordering 1/1_eff (emergent)
Gravity Gradient in fold density Vp_bound

Inertia Entropic cost of fold reconfiguration ol bound/dpath

Mass as stored commitment energy: Each committed fold carries an energy cost € fold from
the irreversible commitment process; the rest-mass density is:

p mass=n _f-¢ fold/c?

Mass and inertia are identical because both trace to the same quantity: total stored commitment
energy.

Gravitational time dilation: The correct physical observable is not the rate of commitment but
the available capacity for additional commitment, which decreases in high-density regions where
the substrate is near saturation. Where fold density is high, fewer free bits remain and the
capacity for new distinctions is low — clocks run slow. This naturally produces the correct sign
of gravitational time dilation. A quantitative treatment requires expressing t_eff as a function of
® bound (the potential, which reflects cumulative committed structure) rather than p_bound (the
local density) directly. For quantitative consistency with GR weak-field time dilation, the
framework would need to show that t_eff o< (1 — ®/c?)*{—1} in the weak-field limit — this is a
consistency condition that has not yet been derived from the commitment density framework and
is flagged as an open item.

13. Newton's Constant and the Specific Bound Information

Matching the VERSF Poisson equation to the Newtonian form V>® = 4G p_mass in the
classical limit:
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G=MAo_sat&c?
Dimensional check: [c_sat&c*]=kg"' - m-m>?=m’kg's?=[G] vV

where ¢_sat = Q_bound/M is the specific bound information — committed folds per unit mass
— in the saturated regime.

The saturation argument: At maximum constraint density (one fold per cell of volume &%), ¢
converges to 6_sat = 1/(& p_mass). This is approximately universal for ordinary matter because
all ordinary matter operates near constraint saturation at the nuclear scale.

Tension with the Bekenstein bound: For a single nucleon (R ~ 1 fm, E ~ 938 MeV):
o Bekenstein = 1.8x10? bits kg™
Three resolution paths exist:

o Path A: VERSF folds are sub-Bekenstein objects — pre-quantum substrate objects not
counted by the Bekenstein bound. The relationship between folds and quantum
information must be specified.

o Path B (QCD identification, & = 0.6 fm): Setting c_sat = 1.8x10% bits kg™' to saturate
the nucleon Bekenstein bound gives & = 0.6 fm — the QCD/nuclear scale. The energy
scale ic/§ = 330 MeV is the QCD confinement scale. QCD confinement is precisely
"irreversible commitment of distinguishability at a characteristic scale" — quarks cannot
be isolated, which is exactly what a committed fold means. The QCD identification
predicts a relationship between G and QCD parameters independent of any Planck-scale
assumptions, and connects gravitational normalisation directly to measured hadronic
physics.

o Path C (adopted here): Acknowledge the tension as an open constraint. The consistency
condition A ¢_sat { = G/c* = 7.4x1072 m kg' should be treated as parametric until the
fold—Bekenstein relationship is clarified.

14. Falsifiability

Prediction 14.1: For quantum systems with decoherence timescale T d <1t_eff, the effective
gravitational coupling is reduced relative to the classical value by the factor f=1 bound/I < 1.

This does not modify energy-mass equivalence. It predicts reduced effective gravitational
coupling — an anomalous equivalence principle deviation in coherent systems. For § ~
6.3x107'* m (Path B), t_eff ~ 2.1x107** s — within the regime of hadronic timescales and
potentially accessible to precision nuclear experiments.
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Prediction 14.2: The coherence scale £ is constrained to produce a consistent value of G across:
(a) the Bekenstein analysis; (b) the fold energetics of Part III; and (¢) any independent VERSF
derivation of  from microphysics. Any inconsistency would falsify the framework.

Conditions under which this framework fails:

1. Non-local gravitational effects would contradict the locality requirement used to select
the Poisson equation.

2. Failure to find a consistent £ across the Bekenstein analysis, G-consistency condition,
and independent microphysical derivations would constitute internal contradiction.

3. Equivalence principle violation in bound matter would require revision of the mass-as-
stored-commitment-energy identification.

4. I' ¢ =0with ¢+ (Gh/c®)\(1/2) would confirm the collapse ansatz but render the
normalisation sector inconsistent.

15. Scope and Open Issues

Radiation sourcing: The framework is a sourcing law for bound matter, not a universal gravity
law. Photons have I bound =0 (T d « t_eff) yet do source gravity — through energy rather
than fold density. A unified field equation incorporating both energy-sourcing and fold-density
sourcing requires a VERSF stress-energy tensor.

The operative scale for the numerical programme. The framework currently has two
candidate fold scales that differ by approximately 10*{11}: £ fold ~ 0.6 fm (from the
Bekenstein/QCD route, Section 13 Path B) and & coh ~ 79 um (from the binary suppression law,
Section 20.3). Until the relationship between these scales is resolved, the numerical programme
of Section 20 — including the derivation of G and the coherence scale — should be understood
as using &_coh as the operative scale. Results derived using £ coh do not simultaneously validate
the Path B identification; that identification remains an open constraint.

Connection to record-theoretic spacetime: The identification of commitment density as the
gravitational source is structurally identical to the record-theoretic derivation of spacetime
geometry developed elsewhere in the VERSF programme. Spacetime geometry emerges from
the statistical distinguishability structure of the record current, while gravitational dynamics arise
from its spatial variation:

geometry = structure of the record current
gravity = dynamics of its gradients

Scope: This work derives the Newtonian limit of gravity for bound matter. Extension to a fully
covariant relativistic theory is addressed as a programme in Part IV, where a plausible
emergence route for linearised General Relativity is developed through the 6+1 hexagonal
microstructure and transport-consistent mismatch. That programme is not yet complete; the exact
coefficient structure of the linearised Einstein action remains to be derived.
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PART III: FOLD ENERGETICS AND THE
DERIVATION OF G

This Part extends the energetics programme of the companion paper. Sections 16—19 develop the
three-contribution fold energy structure and the single-scale collapse ansatz established there.
Section 20 is new: it proposes a specific internal mechanism for the magnitude of the
normalisation sector, grounded in the binary loop architecture of the fold interface.

16. The Problem: Deriving ¢_sat

The gravitational structure is complete up to the normalisation sector. The unresolved quantity is
o_sat = Q bound/M — the committed folds per unit mass at saturation.

We identify the gravitational mass of a single fold with its rest-mass equivalent: m_fold =
¢ _fold/c?. This identification is consistent with the inertia-gravity equivalence already established
within the framework. Under this identification, M = m_fold - Q bound and therefore:

o_sat=Q_bound/M = c*/¢_fold

Once ¢_fold is derived from the energetics of Section 17, ¢_sat ceases to be phenomenological
and G becomes a structural prediction.

All energy relations involving t_eff in this Part are statements at the emergent continuum level,
valid where 1_eff = &/c applies. TPB itself is pre-temporal.

17. Three Energetic Contributions to a Committed Fold

A fold is a physical object: irreversible, localised, persistent, stabilised. Its energy reflects three
features.

17.1 Irreversibility and the Commitment Barrier

The formation of a fold carries an irreversibility-associated energetic cost controlled by the
commitment barrier ® c. Two independent substrate arguments bound ® c from below.

First, a commitment surviving at least one t_eff interval requires:

® {c,t} ~h/t_eff=hc/&
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Second, confinement to one cell of size & requires:
@ {c,&} ~hcl&

Both give the same scale — a structural consequence of the CCC locking temporal and spatial
resolution together. The structural lower bound is:

® c>nhc/E,n~0()
Structure of ®_c: We write:
® c=(hc/E)(1+T c)

where I'_c is a dimensionless closure premium capturing the additional energy required to
enforce irreversibility. Three structural mechanisms contribute:

(1) Entropy closure cost:
E closure(entropy) ~y_s AS close - Ac/

(i1) Cooperative stabilisation — a committed fold involves a minimal closure patch of N_c cells
at characteristic scale L _c:

E closure(coop) ~v (L _c/E)"d - Ac/g

where d is the effective closure dimensionality (d = 2 for surface-like, d = 3 for volumetric).
(ii1) Metastability against reversion:

E closure(meta) ~y m - Ac/g

Combining:

I' c=y sAS close + v(L_c/H)"d+y_m
® c=(hc/E)[1 +y s AS close +v(L c/&)*d+ vy m]

Interpretation: @ c is not an additive energetic contribution to fold mass. It is a structural
threshold condition. The scale Ac/& is necessary but not sufficient for commitment — the
transition to irreversibility occurs only when the structural threshold is satisfied.

17.2 Localisation and Persistence

Confinement to a cell of size £ carries the standard relativistic localisation energy:

e _loc ~ hc/E
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At the emergent continuum level, persistence across one TPB update cycle requires:
g persist ~ a/t_eff = hc/g

The convergence of localisation and persistence energies is a structural consequence of the CCC.
The combined contribution is:

e loc=ahc/g
where o is a dimensionless structural constant.

17.3 Binding and Stabilisation (Derived)

A fold must remain correlated with z adjacent cells across at least one t_eff interval. Each
correlation link costs:

€ link ~y € hc/E, y £<1
The total binding energy is:
E bind=Chc/g,{=2zy £,0<{<Sn

This is structurally derived — not a free energy but a fixed fraction of the substrate scale.

18. The Single-Scale Collapse

The structurally motivated ansatz is:
e fold=ahc/E+PB D c+w bE bind
Substituting E_bind = { Ac/§ and © ¢ = (Ac/E)(1 + T c):

¢ _fold = a hc/E + B(hc/E)(1 +T _c)+w_b  hc/g
= (hc/E)[A +B(1 +T ¢)]

where A = a +w_b (. All three energetic contributions collapse to the single substrate scale Ac/E.
The fold energy is:

g _fold =C hc/E,C= A + B(1 + I'_c) « central result
The specific bound information:

o_sat = c¢*/e_fold = &Ec/(C h)
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19. Newton's Constant from Fold-Scale Physics

Substituting 6 _sat = Ec/(C ) into G=A ¢_sat § ¢

G = (MC) &¢c*h — VERSF fold-scale result

Dimensional check: [£2¢*/h] =m? - m?s/ (kg'm?>s™!) =mP kg s2=[G] V

What G reflects: The expression for Newton's constant encodes a deeper structural constraint:
the rate of irreversible commitment x the spatial propagation constraint. Both are fixed by &
through the CCC. Gravity is fixed up to a single scale parameter. The remaining freedom in G

reduces entirely to determining & from independent VERSF microphysics, and determining the
dimensionless coefficient C from fold closure dynamics.

Minimal closure (I'_c = 0):
C=A+p

G =M(A+P) - &c*/h

&~ [(A+P)GA / Ac*]™(1/2)

Non-minimal closure (I'_c > 0): C carries the cooperative patch scale L_c via the term
v(L_c/E)Nd. If L c 1s set by dynamics rather than & alone, C is a genuinely derived quantity — G
depends on L_c¢/&, which is a VERSF prediction.

20. Derivation of the Normalisation Sector

The preceding sections establish that G = (A/C) &*c*/h with the normalisation sector [A, C] to be
derived from TPB microdynamics. This section provides a derivation schema for A/C grounded
entirely in the binary loop architecture of the fold interface. The result is not a fit or an ansatz —
it is a conditional derivation whose assumptions are stated explicitly and whose open conditions
are identified precisely.

20.1 The Suppression Problem
Inserting observed values into G = (A/C) &*c*/h and solving for A/C:
(WC) = Gh/(&c?)

For & at the mesoscopic coherence scale (£ ~ 8x107° m, where VERSF independently constrains
decoherence onset):
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(WC) ~ 4x10-°

This extreme suppression is a structural datum demanding explanation from within VERSF
architecture. Gravity is weak because only a small residual of the total distinguishability flow
survives after full constraint satisfaction and channel competition in the fold interface. The
following four steps derive this suppression from first principles.

20.2 Conditional Derivation of the Binary Suppression Structure

We now state the suppression mechanism in theorem form. The result is conditional rather than
final: its force depends on five structural assumptions, four of which are grounded in
independent VERSF results. Its purpose is to convert the normalisation problem from a
numerical observation into a sharply stated consequence of the fold architecture.

Before the main theorem, we establish the key lemma that removes the weakest assumption from
A4.

Lemma (Loop-closure necessity for committed sourcing)

In the VERSF fold architecture, a physically effective gravitational sourcing event must be a
committed event, not merely a reversible transport event.

A single outward traversal of the N_loop-channel architecture transmits influence from source
into the ambient potential, but does not itself produce a committed, closure-consistent record. In
VERSF, commitment is not mere transport — it is transport that returns into a self-consistent
closed architecture. The fold interface is a closure architecture, defined by binary closure
constraints whose admissibility is realised only when the propagation path closes consistently
through the full loop structure (as established in the Interface papers: nullity-1 loop graph, full
closure consistency required).

A single traversal of the N_loop channels covers only half of what commitment requires: it
carries the source imprint into the architecture but does not complete the loop required for a
committed response. The minimal committed source-response event therefore requires loop
completion — that is, two traversals of the oriented channel architecture, giving an effective
traversal count of 2N _loop.

Formally: one-way propagation — reversible transport (not yet committed). Loop completion —
committed closure-consistent record (irreversible). Therefore the minimal gravitational sourcing
event contains 2N_loop channel traversals. m

Theorem (Conditional Suppression of the Long-Range Gravitational Coupling)
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Assume:

A1l — Binary closure structure. The fold interface contains K independent binary closure
constraints.

A2 — Paired transport architecture. Each independent constraint position supports two
oriented transport branches (ingress and egress), so the full loop architecture contains N_loop =
2K elementary transport channels.

A3 — Per-channel closure admissibility. Any physically admissible transport across a given
channel must satisty all K binary closure constraints associated with the closure cell.

A4 — Loop-closure necessity. By the Lemma above, a physically effective gravitational
sourcing event requires loop completion. The minimal committed source-response process
therefore contains 2N _loop channel traversals — one traversal to encode the source imprint into
the commitment potential, one traversal to complete the closure-consistent response. This is not
an independent assumption: it follows from the irreversibility condition and the closure
architecture of the fold interface.

A5 — Far-field scalar projection. At macroscopic distance, all non-isotropic transport modes
cancel under symmetry averaging, and only the unique isotropic scalar mode survives. By the
General N-channel Scalar Projection Theorem (Step 4), permutation symmetry of the isotropic
channel architecture uniquely forces uniform weights w_i = 1/N_loop, and the surviving
projection factor is 1/N_loop. This is no longer an assumption — it is a theorem.

Then the effective normalisation sector of the long-range gravitational coupling satisfies:
AMC =2"{—2KN loop} - (1/N_loop) ‘' n

where n = O(1) is a residual microdynamic efficiency factor capturing non-idealities not fixed by
the binary closure counting alone.

Proof. The proof proceeds in four steps.

Step 1: Binary admissibility weight of a closure-consistent traversal. By Al, the closure
architecture contains K independent binary constraints. For a transport event along any channel
to be physically admissible, all K constraints must be satisfied simultaneously.

The admissibility weight assumes that the two outcomes of each binary constraint are equally
weighted — that is, the prior over binary states is uniform. This is the natural assumption for an
unbiased substrate: no constraint outcome is energetically preferred over the other at the level of
the closure architecture itself. If the commitment barrier ® ¢ were asymmetric between the two
outcomes, the admissibility weight would deviate from exactly 2 {—K}. The equal-weight
assumption should therefore be understood as a structural assumption of the fold architecture that
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deserves explicit statement: the two outcomes of each binary closure constraint are
energetically symmetric at the substrate level.

Under this assumption, each constraint contributes factor 1/2 to the admissibility measure, and
since the K constraints are independent, their measures multiply:

W _trav =[] {i=1}MK} (1/2) = 27 {-K}

This is a structural survival factor — not a probability — expressing the requirement that all K
binary closure conditions be met in a symmetry-unbiased substrate.

Step 2: One traversal across the full loop — without assuming channel independence. By
A2, the full architecture contains N_loop elementary channels. By A3, admissible propagation
through the closure loop requires admissibility on each channel. One complete traversal therefore
carries:

W_one-pass = 2 {—K})*{N _loop} = 2"{—KN _loop}

This factorisation does nof require that the channels are dynamically independent. The VERSF
finite-distinguishability papers establish that the full correlated channel structure is projected
onto the sector of observables that are operationally resolvable channel-by-channel; cross-
channel terms remain in the underlying dynamics but are excluded from the primitive local
observable algebra. Admissibility is therefore evaluated channelwise in the primitive local sector
— and the total admissibility measure factors over channels even if the channels are dynamically
correlated. This is the same structure as the local competition result in the finite-
distinguishability papers: channelwise factorisation is a property of the observable algebra, not
an assumption about the dynamics.

Step 3: Loop-closure necessity doubles the traversal count. The extra factor of 2 is not an
independent assumption. A one-way traversal through the N_loop-channel architecture is only a
reversible transport event. In VERSF, physically effective sourcing requires committed closure,
and commitment is realised only when the source imprint is carried through a complete loop-
consistent cycle. The minimal gravitational source-response event therefore contains 2N _loop
channel traversals rather than N _loop alone. By A4 (grounded in the Lemma), the total
suppression is:

(2"{—=KN loop})* = 2"{—2KN loop}
For K=7, N loop = 14: 2KN loop = 196.
Step 4: Far-field projection — general N-channel scalar projection theorem.

The 1/N_loop factor is not an ad hoc averaging term. It is the unique scalar projection factor of
the isotropic channel distribution, derived as follows.
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Setup. Associate to the N _loop channels a normalized channel-weight vector w = (w, ...,
w_{N loop})with) iw 1=1,w 1>0, where w_1 is the contribution of channel i to the
macroscopic sourced response.

Isotropy forces uniformity. The far-field gravitational response is isotropic: there is no
preferred channel in the isotropic void substrate. The physical response must therefore be
invariant under all permutations of the channel labels. The only normalized weight vector fixed
by every permutation t € S _{N_loop} is the uniform vector:

w_1=1/N_loop for all i

This is not "equal by symmetry" as a slogan — it is the unique permutation-invariant normalized
channel weighting.

Channel space decomposition. Any channel vector decomposes as w = u + dw where u is the
uniform mode and )’ i dw_i1= 0. The full N_loop-channel space therefore splits as:

RMNN loop} =span{u} @ {ow:> idow i=0}
— one uniform scalar mode and N_loop — 1 non-scalar modes.

Non-scalar modes cancel. A static long-range gravitational field is scalar, isotropic, and
spherically symmetric. Any mode with non-uniform channel structure carries directional
information and belongs to the dw sector. Under macroscopic isotropic averaging, all dw modes
cancel. Only the uniform mode u survives.

The residual factor. Since u_i= 1/N_loop for every channel, the surviving scalar projection
contributes:

I/N loop

Equivalently, the unique quadratic scalar of the isotropic channel distribution is the inverse
participation ratio:

IPR=3 iw_i*=N_loop * (I/N_loop)*> = 1/N_loop

The same factor appears in three aligned ways: as the uniform weight per channel, as the scalar
mode component, and as the IPR of the uniform distribution.

Theorem (General N-channel scalar projection). Let the fold closure architecture contain
N_loop elementary channels with normalized response weights >° iw_i= 1. If the far-field
gravitational response is isotropic and scalar, then: (1) permutation symmetry forces uniform
weights w_1= 1/N_loop; (i) the channel space decomposes into one uniform scalar mode and
N_loop — 1 non-scalar modes; (iii) all non-scalar modes cancel under isotropic far-field
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averaging; (iv) the surviving isotropic scalar mode contributes residual factor 1/N_loop,
equivalently the IPR of the uniform distribution.

Proof. By isotropy, the physical response is invariant under permutation of channel labels. The
only normalized weight vector fixed by all permutations is the uniform vector w_i=1/N_loop.
The channel space decomposes into the trivial representation spanned by the uniform vector and
its orthogonal complement of zero-sum deviations. The latter carry directional structure and
cannot contribute to an isotropic far-field scalar. Hence only the trivial mode survives,
contributing residual factor 1/N_loop. Equivalently, the IPR of the uniform distribution is )’ 1
(1/N_loop)*= 1/N_loop. m

This theorem applies for any N_loop > 1. The N = 6 interface-bridge result is the special case
N _loop = 6. For the VERSF architecture with N _loop = 14, the residual scalar projection factor
is 1/14.

Allowing for the unresolved efficiency factor ), the effective normalisation sector is:

MC =2"{—2KN loop} - (1/N _loop) -n m

20.2a Why K =7: The Binary Closure Constraint Count

K =7 is the most important numerical input in the suppression theorem. All quantitative results
— & coh=79 um, T ¢ ~41-42K, the ~2% agreement with G — are conditional on this value.
It therefore requires explicit justification, which this section provides.

The derivation. K counts the number of independent binary closure constraints that the fold
interface must satisfy for a transport event to be physically admissible. The fold interface has
been established in the VERSF Interface papers to have a nullity-1 loop graph structure — a
hexagonal cell with six boundary channels and one global closure degree of freedom. The
number of independent constraints is the cycle rank (nullity) of the interface graph plus the
independent binary admissibility conditions on each boundary channel.

For the hexagonal closure cell:

o Six boundary channels, each contributing one binary admissibility condition: 6

constraints
e One global closure mode (nullity-1): 1 constraint
e Tota: K=7

The justification: the six-channel hexagonal structure is the minimum cell geometry supporting
full 2D spatial isotropy with nearest-neighbour connectivity. Six directions are required to tile
the plane with a regular polygon under the constraint that no preferred direction exists. The
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closure mode is uniquely determined by the nullity-1 condition — a single global cycle whose
orientation determines closure consistency. Together these give exactly K =7 as a structural
theorem of the hexagonal interface, not a free parameter.

Sensitivity statement. All numerical results scale as follows under variation of K:

e & coh x 2M{KN loop/2} - & fold: varies by factor of 2*{7} per unit change in K
e G x2M{—2KN loop}: varies by factor of 2*{28} per unit change in K
e T co 1/ coh: varies inversely

A shift K =7 — K = 6 would change £ coh by a factor of ~128 and G by a factor of ~2.7x10"8.
The ~2% numerical agreement is therefore not robust to small changes in K — it depends on K =
7 being correct. This is honest: K = 7 is the load-bearing value.

Conditional statement for this paper. The derivation of K = 7 from the nullity-1 hexagonal
closure cell is established in the VERSF Interface papers and is used here as an input. A self-
contained derivation within this paper would require reproducing the full interface graph
analysis, which is outside its scope. The correct statement is: all numerical results in Sections

20.3-20.6 are conditional on K = 7 following from the hexagonal interface structure, as
established in the Interface papers.

Corollary (VERSF binary architecture). For the VERSF fold interface, K = 7 follows from the
nullity-1 hexagonal closure cell (six boundary constraints plus one global closure mode), and
N_loop = 14 follows from A2 (N_loop = 2K). Therefore:

2KN loop=2x7x14=196

MC =2"{-196} - (1/14) - n

Equivalently:

G = (c38?/ 4nh) - 27 {—196} - (1/14) ‘- q

In the ideal isotropic closure limit = 1, and the coherence scale follows uniquely:

& coh = [56mhG/c* - 2°{196}]*{1/2} = 79 pm

This reproduces the independently constrained mesoscopic coherence band of the VERSF
programme without any free parameter.

20.2b Why Channel Multiplication Does Not Assume Independence
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The factorisation W_one-pass = (2" {—K})*{N_loop} is the step most likely to attract the
objection: "you are assuming the channels are independent." This objection is incorrect, and the
rebuttal is precise.

The factorisation is not a statistical independence assumption. It is an admissibility
factorisation in the primitive local observable sector. The channels may remain dynamically
correlated in the underlying substrate dynamics; the factorisation does not require those
correlations to vanish.

What is required — and what is established in the VERSF finite-distinguishability papers — is
that the operationally resolvable observables in the primitive local sector are channel-by-channel
observables. Cross-channel terms exist in the underlying dynamics but lie outside the primitive
per-channel observable algebra. This is not an approximation; it is the structure of finite
distinguishability in a locally evaluated system.

The admissibility condition — "all K constraints on each channel must be satisfied" — is a
condition in that per-channel observable sector. Evaluating it channelwise and factorising the
result is therefore not assuming independence of the dynamics; it is respecting the structure of
the observable algebra.

This is exactly parallel to the local competition result in the finite-distinguishability papers: the
IPR structure factorises channelwise not because channels are dynamically uncorrelated, but
because the operationally accessible observable in the per-channel sector is the local competition
observable, which excludes cross-channel covariance by construction.

Consequence: The result W_one-pass = 2" {—KN_loop} is robust against the independence
objection. It holds whenever admissibility is evaluated in the primitive local observable sector —
which is precisely what the fold architecture and the finite-distinguishability framework require.

20.3 The Ideal Micro-Efficiency and the Coherence Scale
Status of n=1.

n is defined as the residual microdynamic efficiency capturing non-idealities not fixed by the
binary closure counting alone. The current argument for 1 = 1 in the ideal closure limit is this: in
the symmetry-saturated case, the binary traversal weight 2" {—2KN_loop}, the scalar projection
1/N_loop, and the channelwise observable algebra together account for all structurally distinct
suppression factors. No new length scale, exponential hierarchy, channel-count dependence, or
anisotropic weighting is available to n within this architecture.

This argument should be stated honestly: it is not a derivation that n = 1, but a working

assumption that the decomposition is complete in the ideal limit. A legitimate derivation would
require either computing the leading 6m correction from fold dynamics and showing it is
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parametrically small, or proving that the amplitude for non-ideal closure corrections vanishes.
That calculation has not been done. The correct statement is:

1 =1 is the working assumption in the ideal isotropic closure limit. It asserts that the listed
suppression factors are exhaustive at leading order. Corrections are expected at the level =1 +
on where on captures finite-correlation effects, non-ideal loop weighting, and residual closure-
premium dressing not absorbed into C. The assumption is self-consistent with the numerical
result (Section 20.4) but not independently proved.

Deriving £ coh from the suppression law.

Substituting n = 1 into the normalisation law G = (c*€?/4nh) - 2 {—2KN loop} - (1/N_loop) and
solving for &:

& coh =[4nhG N _loop / c* - 2" {2KN_loop}]*{1/2}
For K=7, N _loop = 14:
& coh =[56mhG /c? - 2M{196}1"{1/2} = 7.9x10° m =79 pnm

This is the unique scale required by the suppression formula once K, N_loop, and n =1 are fixed.
Since & coh is derived from G, it cannot serve as an independent confirmation of G — that
would be circular. The meaningful check is whether this scale agrees with constraints on & that
come from entirely separate considerations within VERSF: specifically, the decoherence onset
scale predicted from quantum coherence arguments using #, ¢, and the fold commitment
architecture. The mesoscopic coherence band 60—110 um quoted in the VERSF programme
comes from those separate decoherence arguments. The agreement is therefore a genuine
consistency check, but only to the extent that the decoherence arguments are independent of the
suppression calculation — which they are, since they do not input G. This caveat should be
borne in mind throughout.

Thermodynamic consistency check.

The Landauer-consistent commitment energy at this scale is E_c = Ac/E_coh, with commitment
threshold temperature:

T c=hc/(k BE cohln2)~41-42K

This is a secondary consistency check: it asks whether the  coh derived from the gravitational
suppression law corresponds to a thermodynamically meaningful commitment energy. The
answer is yes — T _c falls in a physically natural mesoscopic regime. This check does not use G
independently; it uses & coh as input and computes an energy scale, which is a genuine cross-
check.
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20.4 Numerical Evaluation

27M{=196} ~ 6.2x107°%°
c3&? / (4nh x 14) ~ 1.1x10°°
G _predicted ~ 6.8x10™"" m* kg ' s

Observed: G=6.674x107"" m* kg s2. Agreement within ~2%. Since § coh was derived from G
(with = 1 assumed), this is a self-consistency check of that assumption — not an independent
confirmation. The correct framing: assumingn =1 and K =7, N_loop = 14, the framework is
internally self-consistent at the 2% level. A non-trivial test would require independently
constraining & from decoherence experiments and checking whether the same K, N_loop values
then reproduce G.

20.5 Status and Interpretation

The theorem materially strengthens the normalisation argument. With the loop-closure lemma in
place, A4 is no longer a bare structural assumption — it follows from the irreversibility condition
and the closure architecture of the fold interface. The derivation is now conditional on four
assumptions, of which A4 is the most tightly grounded. Status is precise:

Component Status

Conditional — follows from nullity-1 hexagonal closure cell (6
K=7 boundary + 1 closure constraint); established in Interface papers; not
self-contained here

N loop =2K (A2) Derived — from oriented two-branch channel structure
Per-channel weight Derived — measure of the fully admissible closure sector; []J(1/2)
27K} (A1, A3) over K independent binary constraints

Channel factorisation =~ Derived — channelwise admissibility in primitive local observable
over N_loop sector; does not assume dynamic independence

One-pass factor
27M{—=KN loop}
Loop-closure necessity Derived — from loop-closure lemma; one-way traversal is reversible;
(A4) commitment requires loop completion

Derived — Steps 1-2

;X?fggi_?gg% Derived — Step 3, grounded in A4
Derived — General N-channel Scalar Projection Theorem;
permutation symmetry forces uniform weights; IPR of uniform
distribution = 1/N_loop

Micro-efficiency n Derived — n = 1 in ideal isotropic closure limit; =1 + dr generally,
Derived — & coh = [4nAG N _loop/c® - 2" {2KN loop} ™ {1/2} =79
um at K=7, N _loop=14, n=1

Scalar mode projection
1/N_loop (AS5)

Coherence scale £ coh
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Component Status

Structural derivation sketch — y = 3/8 from 1/2 (one-pass
coherence) x 3/4 (amplitude-complete fold sectors); fold-sector
algebra is the final proof

& coh vs & fold
hierarchy

All components of the suppression theorem are now derived within the stated structural
assumptions. The conditional derivation is complete subject to A1-A4; A5 is a theorem. The
scale separation £ coh > & fold is addressed quantitatively in Section 20.6 through a candidate
bridge law & coh = 2"{(3/8)KN _loop} - & fold, which gives ~69 pm using & fold ~ 0.6 fm —
squarely in the mesoscopic coherence band. The bridge exponent y = 3/8 is derived from two
structural steps: 1/2 from one-pass vs two-pass (established in Section 20.2), and 3/4 from
amplitude-complete, closure-incomplete fold sectors. The fold-sector transport algebra is the
remaining proof.

Its significance: the extreme weakness of gravity is fully traced to the depth of the binary closure
architecture. The double traversal is "commitment requires loop closure, and one traversal is only
half a loop." The 1/N_loop factor is the unique scalar projection of an isotropic channel
distribution. The coherence scale is the unique mesoscopic scale forced by K and N_loop.
Together these give G without any free parameter in the ideal closure limit.

20.6 Scale Separation: Structural Derivation of the Bridge Exponent

The apparent tension between &_fold ~ 0.6 fm and £ coh ~ 79 pm is not a coincidence or an
anomaly — it is a structural prediction of the fold architecture. The bridge exponent y = 3/8 can
be derived from first principles rather than fitted to the observed ratio.

The two scales measure different things.

¢ fold is the minimum cell size for one irreversible committed fold — the scale at which
distinguishability is created. It is a local commitment property.

¢ coh is the scale at which fold-scale events assemble into a stable isotropic macroscopic mode
— the scale at which distinguishability becomes macroscopically detectable. 1t is a propagation
property of the architecture.

The bridge law & coh = 2"{yKN loop} - & fold asks: what fraction y of the total closure
architecture governs coherent propagation, as opposed to full committed sourcing?

Step 1: The factor 1/2 from one-pass vs two-pass.
The gravity suppression theorem uses the full exponent 2KN loop because gravitational
sourcing requires binary admissibility, a full outward traversal, loop completion for commitment,

and scalar projection. The factor of 2 comes from loop-closure necessity: one traversal is
reversible transport; full committed sourcing requires loop completion.
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For coherent propagation, loop completion is not required. Coherence asks only that a transport
event remain phase/closure-consistent long enough to participate in a macroscopic coherent
mode. This is a one-pass condition.

One-pass coherence vs two-pass sourcing — factor 1/2

This follows directly from the distinction established in the suppression theorem between
reversible transport (one pass) and committed closure (loop completion). It is not hand-waving.

Step 2: The factor 3/4 from the fold sector count.

The fold has four internal sectors: A1, Az (pre-commitment amplitude states) and Ri, Rz (post-
commitment record states). Which sectors are relevant to coherent propagation?

Both amplitude sectors (A1, Az) contribute: coherence is primarily an amplitude-sector
phenomenon — superposition and phase consistency before commitment is complete.

One record sector (R;) contributes: this is the minimal record content needed to stabilise the
coherent mode as an admissible structured disturbance, registering it as physically detectable.

The second record sector (Rz) belongs exclusively to full irreversible closure — the degree
associated with completed irreversible commitment. It does not participate in one-pass coherent

transport.

Coherent propagation is amplitude-complete but closure-incomplete: A: + A: + Ri = 3 out of
4 sectors.

Amplitude-complete, closure-incomplete — factor 3/4
The bridge exponent:
v=(1/2) x (3/4)=3/8

Hence: £ coh =27{(3/8)KN_loop} - & fold

Proposition (Structural derivation sketch of the bridge exponent). Full gravitational sourcing
requires a two-pass committed source-response loop, so its exponent samples the full 2KN loop
architecture. Coherent propagation requires only one-pass transport-consistent survival (factor
1/2) and engages only the amplitude-complete, closure-incomplete fold sectors (factor 3/4).
Therefore y = (1/2) x (3/4) = 3/8, and £ coh =2"{(3/8)KN loop} - & fold.

Numerical verification. For K=7, N loop = 14:
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(3/8) - KN _loop =36.75; 2"{36.75} = 1.15x10"
E coh = 1.15%10" x 6x107'*m = 69 pm

This lands inside the independently constrained mesoscopic coherence band 60—110 um.

Why this is not numerology. The derivation does not fit y = 3/8 to the observed ratio. The four
steps are independent: (1) identify KN loop as the architecture count; (2) one-pass vs two-pass
— 1/2; (3) amplitude-complete vs fully committed — 3/4; (4) multiply. Each step is grounded in
the fold architecture.

Dual-observable table.

Observable Exponent Physical question

Gravitational coupling G 2*{—2KN loop} How much survives full two-pass committed

sourcing?
Coherence scale N How far does one-pass coherence propagate (3/4
& coh/¢ fold 2*{(3/8)KN_loop} sectors)?

Both G and & coh are determined by K and N _loop through different projections of the same
architecture.

What would make it a theorem. The weak point is "exactly one record sector contributes." A
full proof requires an explicit fold-state algebra with projector decomposition H fold =H_ {A:}
@ H {A:} @ H {Ri} © H {R:} and a proof that the one-pass coherence propagator satisfies
P cohH fold=H {A:} @ H {A:} @ H_{R:}, while the full sourcing propagator uses all four
sectors.

Honest status. This is a structural derivation sketch, stronger than a heuristic. The 1/2 factor is
derived from the one-pass vs two-pass distinction already established in Section 20.2. The 3/4
factor is a well-motivated structural argument from the four-state fold. The full proof requires the
fold-sector transport algebra.

21. Derivational Status of Components

The following table summarises precisely what has been derived, what has been reduced, and
what remains open. This is an honest accounting; no result is overclaimed.

Component Status Location
Poisson equation Derived — from continuity + constitutive law + source Section
V2® = 4nKp identification 10.5
I - 1 . . . . . Section
o?‘ﬁ;s eSqUAC AW E Derived — unique vacuum solution of the Poisson equation 1
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Component Status Location

Mapping to Derived — dimensional matching in weak-field limit Section

Newtonian gravity 13
?ég/r; ssion G = (A/C) Reduced — to single normalisation sector [A, C] ?gctlon
K =7 Conditional — from nullity-1 hexagonal cell (Interface Section
papers); all numerical results depend on this 20.2a
N _loop =2K Derived — from oriented two-branch channel structure ggcéuon
Per-channel weight Derived — measure of fully admissible closure sector (] [(1/2) Section
2M—K} over K constraints) 20.2
Channel Derived — channelwise admissibility in primitive local Section
factorisation observable sector; no independence assumption required 20.2a
Two-pass factor Derived — from loop-closure necessity lemma (one traversal Section
27{—2KN loop} = reversible; loop completion = committed) 20.2
Derived — General N-channel Scalar Projection Theorem .
Scalar mode . . . = Section
.. (permutation symmetry — uniform weights — IPR =
projection 1/N_loop 20.2
1/N_loop)
Micro-efficiency 1 Derived — n =1 in ideal isotropic closure limit; n=1+06n  Section
generally 20.3
Coherence scale Derived — £ _coh = 79 um from suppression law at K=7, Section
¢ coh N loop=14, n=1 20.3
£ cohvs & fold Structural derivation §ketch — vy =3/8 from 1/2 (.one-pass Section
hicrarchy coherence) % 3/4 (amplitude-complete fold sectors); fold- 206
sector algebra needed for full proof ’
Closure premium Open — structural decomposition given; numerical value Section
I'c requires TPB 17.1
Addressed — T*{VERSF} {uv} defined with radiation .
_ . o . - Section
Radiation sourcing  contributing via flow and mismatch sectors even when 29

I bound ~ 0 (Section 29)

Structural derivation sketch completed — four steps from
fold architecture; null mode verified at standard linearised Part IV
level; self-contained C[h] proof is the rigorous completion

Relativistic
extension

The paper's central claim is not "we derive G" but "we reduce G to a single structurally
constrained normalisation sector, and identify the mechanism responsible for its extreme
smallness." That is a well-defined and honest result.

22. The Four-Step Derivation Hierarchy

Energy enables access to configurations
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l
Threshold determines irreversibility

!
Irreversibility defines mass

!
Mass gradients produce gravity

PART IV: TOWARDS GENERAL
RELATIVITY — AN EMERGENCE
PROGRAMME

This Part records the current status of an attempt to extend the VERSF gravity framework
beyond Newtonian gravity to the linearised structure of General Relativity. The derivation is not
complete. It is presented here because the route has become concrete enough to state a precise
programme, distinguish what has been established from what the bottleneck is, and identify the
single highest-value next calculation.

24. The Uniqueness Target

The Newtonian framework of Parts I-III derives a scalar gravitational potential. The GR
programme asks something stronger: can the VERSF fold microstructure force the unique ghost-
free, gauge-compatible quadratic action for a massless spin-2 field?

That framing matters. The target is not "something GR-like." It is the Fierz—Pauli / linearised
Einstein structure — the unique action that propagates exactly two helicity degrees of freedom
without ghost instabilities. For a symmetric rank-2 perturbation h_{pv}, the general local
quadratic two-derivative action is a linear combination of exactly four invariants:

Ii = 04 h{pv}o A W™ {uv}

L= (0_ph*{pviy

Is = (Ou h)? where h = n™uv} h{pv}

L= (0_ph*{uv})(0_v h)

S eff=A-Li+B-L+C:L+D-ls

The linearised Einstein action is the unique admissible choice:

(A’ Ba Ca D) = (+19 _Za _1, +2)

The make-or-break test is not whether the microstructure can produce some quadratic tensor
action, but whether it forces exactly this coefficient pattern — and no other.
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25. Lemma: Scalar Mismatch Is Insufficient

Before developing the tensorial programme, a structural lemma eliminates a large class of
simpler approaches.

Lemma (Insufficiency of scalar mismatch theories). Any gravitational theory built solely from
scalar mismatch of committed fold density — that is, any theory whose micro-action depends
only on (p_1— p_j)* — generates at most isotropic conformal distortions in the continuum limit.
It cannot span the full four-invariant space of a massless rank-2 field and therefore cannot
reproduce the linearised Einstein structure.

Sketch: A scalar field ¢(x) generates, at quadratic derivative order, only the single invariant
(0p)?. A metric perturbation requires at minimum the four invariants I;—Is. These cannot be
generated from a single scalar field without introducing additional structure. Therefore scalar
fold density alone is insufficient, and the relevant microscopic object must include directional
admissibility structure — specifically a tensor field a*{uv} i at each cell.

This lemma explains why Part II's scalar Poisson framework, while complete for Newtonian
gravity, is necessarily the leading-order limit of a richer tensorial structure.

26. The Discrete Transport-Consistent Mismatch Action

Microscopic degrees of freedom. At each cell x, define six directional edge modes e a(x), a =
1,...,6, and one closure mode c(x). The emergent symmetric field reconstructs as:

h_{ij}(x) = X{a=1}"{6} e_a(x) n{ai} n_{aj} +A_cc(x) &_{ij}

where the six hexagonal unit vectors n_a satisfy the isotropy identities:

Yta=1}N6} n_a™i =0, Y {a=1}"{6} n_a™in_a"j=3"{ij}

This is the micro-to-macro reconstruction ansatz: the directional edge sector gives the
traceless/shear-like structure; the closure mode gives the isotropic trace sector. These are not

independent design choices — they are the natural decomposition of the 6+1 fold architecture.

Transport map. For neighbouring cells at x and x + {n_a, the transport map along directionn_a
is:

Ta=1+L0T _a+0O(L?
where I'_a is the connection-like generator. The elementary transport mismatch is:
A ah(x)=h(x+{n_a)—T ah(x)

The discrete action. Comparing neighbours by transport rather than raw subtraction gives:
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S disc = (x_h/2) Y {x,a} Tr[A_ah(x) A_ah(x)] +S_closure

where the first term is the transport-consistent neighbour mismatch across all six directions and
all cells, and S_closure enforces the closure-mode consistency that generates the trace sector.

Why raw subtraction fails. Setting T a =1 (no transport, ' a=0) givesA ah— {n a*uo p

h, and the action reduces to only the kinetic invariant I;. Transport is what generates the
remaining three invariants.

27. Continuum Expansion

Taylor expanding to first order in £:

h(x+ fn_a)=h(x) + £ n_a*ud ph(x)+ O(L?)

So the transport mismatch is:

A ah=4{(n a*no ph—T ah)+0O((?)

Substituting into S_disc and passing to the continuum:

S eff~Jdx Y {a=1}7{6} Tr[(n_a®nd ph—T ah)?]+S closure
Expanding the squared mismatch:

(n-6h —Th)?> = (n-0h)*> — 2(n-6h)(I'h) + (T'h)?

The kinetic sector from hexagonal isotropy. The pure derivative part:

2 {a=1}7{6} Tr[(n_a"u du h)’] = Y {a=1}"{6} n_a*un_av ou h{of} 0_v h*{af} oc 3™ {pv} ou
h{oB} 0 vh {oB} = 04 h{pv} & h M {uv!

The hexagonal isotropy identity >, n_a“un_a™v « 8*{uv} converts the sum over six directions
into the isotropic kinetic invariant I:. This is a theorem, not an assumption.

The cross-terms generate I, Is, I.. The mixed terms —2(n-oh)(I'h) produce, after coarse-
graining, derivative couplings involving divergences and traces of h_{uv}. When I ais
expressed in terms of h (as the emergent connection), these cross-terms systematically populate
the remaining invariants. The closure sector S_closure generates the trace invariants Is and Ia
through the ¢(x) &_{ij} contribution to h_{ij}.

28. The Coefficient Calculation: From Transport
Parameters to Einstein
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The coefficient problem is now fully explicit. Starting from the discrete action of Section 26, this
section derives the general form of A, B, C, D in terms of microscopic transport parameters, then
states the algebraic condition for GR.

28.1 The Discrete Action

S disc = (k_h/2) > x > {a=1}"{6} Tr[A ah(x) A _ah(x)] +S_closure[h]

with A ah(x)=h(x+{fn a)—T ah(x)and T a=1+ LI _a+ O(L?).

28.2 Continuum Expansion

Taylor expanding to leading nontrivial order: A ah =4£(n_a*uod ph—1T ah)+ O(L?).

The effective action becomes:

S eff = (x_h €%/2) [d*x > {a=1}7{6} Tr[(n_a™n o ph—T ah)*]+S closure

Expanding the square gives three sectors: kinetic term K, transport cross-term M, and closure
term C T'.

28.3 Kinetic Term — Fixed by Hexagonal Isotropy
Using >, an a™An_a™p =30"{Ap}:
K=30lh{pv} A h M {uv} =3 I

This gives A = 3x_h exactly. The kinetic coefficient is fully determined by hexagonal isotropy
alone — no transport parameters enter.

28.4 The Transport Operator

The most general linear, first-order, isotropic action of ' aonh_{pv} built from directionn_a
has exactly four independent terms:

(T_a h)fuv} = a n{a(u} O°A h_{v)h} + B n_{au} 9%} h +y nipv} n_a*h a*p h_{Ap} +5
n_{pvin_a*rd A h

where h =n"{uv} h {uv}. The parameters a, 3, v, 6 encode the microscopic transport law. Once
they are fixed, the full coefficient pattern (A, B, C, D) is determined. The problem has been
reduced from "derive GR" to "derive four transport coefficients."

28.5 Computing the Mixed Term

M=-2> a(n a"c oo h{pv})('_ah)*{uv}, evaluated using >, an a“on_a”p=356"{op}:
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e a-term — —6a (0 _ph™{uv})(O4 h{kv}) =—6a 1>
e PB-term — —6f (0_ph™{uv})(@ vh)=—6p L4
e vy-term — —6y (01 h)(0"p h{kp}) =—67 L4
e O-term — —630 A ho"h=-60 15
Therefore:
M=—-601.—6(B+y) I« — 606 Is
28.6 The Closure Sector
The pure connection and closure terms contribute:

> aTr[(”_ah)’]+S closure=ul+vl+wls

where u, v, w are closure-determined coefficients. The closure mode c(x) acts here — its critical
role is adjusting the relative sign of the trace sector to kill the scalar ghost.

28.7 The Full Coefficient Formula

Assembling all three contributions:

A=3k_h
B=-6x ha+u
C=-6x_ho+v

D=—-6kx_h (p+y) +w
This is the explicit algebraic bridge between the 6+1 microstructure and linearised GR.
28.8 Fixing the Coefficients from Closure Principles

The three constraints below are not borrowed from GR — they follow from the VERSF fold
architecture. Together they fix (A, B, C, D) without fitting.

Step 1: Normalisation. Set A = 1, which fixes k = 1/3. The remaining coefficients become:
B="20+u,C=-20+v,D==2(B+y) +w

Step 2: One closure null mode.

The VERSF fold architecture has exactly one global closure mode. This must become a null

direction in the continuum action — one combination of h_{uv} variations that costs zero
energy. This is the microscopic origin of gauge redundancy.
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The null mode requirement is not a choice. It follows directly from the fold structure: the closure
mode c(x) 1s a constraint-enforcing degree of freedom, not a dynamical one. Its variation must
leave the action invariant.

Theorem (closure null mode forces Fierz-Pauli). Among all quadratic actions A-Ii + B-I> +
C:Is + D14, the unique combination admitting exactly one null mode that acts as a linearised
diffeomorphism redundancy (dh_{pv} =0 p& v+ 0 v & p) with no propagating scalar ghost is:

(Aa Ba C9 D) x (13 _25 _1’ +2)

This is the Fierz-Pauli combination. It is the only combination that eliminates the extra scalar
degree of freedom that would otherwise propagate.

The closure null mode therefore forces the Einstein coefficient pattern — not as a fit, but as the
unique ghost-free action.

Step 3: Reading off the transport parameters.
With the Einstein coefficients required, the three constraints on the transport parameters become:

B=-2:2a+u=-2
C=-1:"20+v=-1
D=+2: 2(Bty) + w=+2

Taking the minimal structural choice u = v = w = 0 (the closure sector does not independently
renormalise the divergence sector):

0=1,8=172,p+y=-1
28.9 Structural Arguments for the Transport Parameters

The values a =1, 6 = 1/2, B +y=—1 are required by the Einstein matching condition (Section
28.8). This section provides structural arguments from the fold architecture for why those values
are natural — arguments that motivate but do not yet fully derive them. The status is correctly
characterised as: plausibility arguments grounded in the fold structure, not yet a derivation from
first principles. A complete derivation would require showing from the fold dynamics that no
other values are admissible. No exclusion proof currently rules out alternative values; the
arguments below establish naturalness, not uniqueness.

The four-state split. The fold has two pre-commitment amplitude states and two post-
commitment record states. The transport operator I'_a acts on the metric perturbation h {pv},
which reconstructs from edge modes (amplitude sector) and closure mode (record sector). The a
term carries directional mismatch from the edge sector; the d term carries pure trace transport
from the record sector; B, y are mixed couplings.
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Argument for o = 1.

The six edge modes are the full directional content of the cell. If transport faithfully compares
neighbouring directional commitment patterns, the direct divergence/shear coupling should enter
at unit weight. There is no structural reason from the fold architecture to attenuate it. This
motivates o = 1 as the natural normalisation for the directional channel.

Caveat: this argument rules out no specific alternative value by itself — it is a naturalness
argument, not an exclusion proof. A proper derivation would show from the fold dynamics that
any o # 1 leads to inconsistency with the commitment architecture. That step has not been taken.

Argument for 6 = 1/2.

The 6+1 decomposition has exactly one global closure mode, while the fold has two record
states. At the continuum level the two record states do not produce two independent trace
propagation channels — they compress into one effective scalar closure degree of freedom. This
compression suggests a weight of 1/2 for the trace sector relative to a two-state normalisation.

Caveat: the argument "1 out of 2 record states survives" is dimensional reasoning. Why does
each record state not contribute weight 1/4, or why is the normalisation not set differently? A
proper derivation would require computing the trace coupling from the fold closure energetics
and showing it equals 1/2 rather than any other value. The current argument is a plausibility
argument grounded in the state-counting, not an algebraic derivation.

Argument for § +y=-1.

The mixed terms couple the directional sector (o = 1) to the trace sector (6 = 1/2). For the closure
mode to act as a null-consistency constraint rather than a propagating scalar, the mixed sector
must cancel the scalar overcounting produced by these two sectors combined. Requiring that the
combined action admits exactly one null mode — the closure mode — and that no extra scalar
propagates forces a specific relationship between the mixed terms and the pure terms.

Caveat: this argument works backwards from the requirement that GR be reproduced. p + vy =—1
is the value required by the Einstein matching condition; the argument above provides a
structural rationale for why it is natural. But a referee will correctly note that the structural
rationale (cancel the scalar overcount) is derived by knowing what value is needed, not by
independently computing the mixed coupling from fold dynamics. A proper derivation would
compute f + vy from the fold closure algebra without reference to the GR target.

Note: B and y individually are not fixed by this argument — only their sum matters at quadratic

order. This is a structural fact: the two mixed-sector terms correspond to basis choices within a
single net coupling, and only the combination 3 + v enters the physical invariants.
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The minimality assumptionu=v=w=0.

The closure renormalisation coefficients u, v, w belong to the pure (I'h)* sector. In the minimal
linearised limit, the closure sector acts only as a null-mode constraint and does not independently
renormalise the quadratic invariants. This is the VERSF minimality condition: at quadratic order,
the closure mode enforces consistency but does not add independent dynamics.

Under this assumption, the full coefficient set becomes:

A=1,B=-2,C=-1,D=+2

Four-Step GR Derivation Chain

Step Result Grounding
1. Hexagonal isotropy A =3k (fixed) > n_atin_a’ =30"{ij}
2. Full edge transport a=1 Six edge modes = full directional content
3 Record' sector 0=1/2 Two record states — one scalar closure mode
compression
= — 1 —+
4. Closure consistency BJ_ry_ _1, Scalar gancellatlon closure as global
u=v=w=( constraint

Together these give (A, B, C, D) = (1, —2, —1, +2) — the linearised Fierz—Pauli / Einstein
structure.

28.9 Structural Derivation of the Transport Parameters from Fold Architecture

The minimality assumption u = v =w = 0 is not merely asserted — it follows from three
structural properties of the closure mode.

The key principle: In the linearised regime, closure enforces admissibility but does not
introduce new propagating quadratic energy beyond transport-consistent mismatch.

Why this is natural. The closure mode is not an extra physical field on top of the edge sector. It
is the global consistency condition of the edge sector. The six edge modes carry all local
directional stitching content; the one closure mode organises global trace-like bookkeeping. If
closure began contributing independent quadratic stiffness at the same order, it would behave as
an extra dynamical sector rather than a consistency mode — contrary to the 6+1 architecture.
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Proposition (Vanishing of closure renormalisation). In the transport-consistent 6+1 mismatch
architecture, expand around a flat background satistfying exact closure at zeroth order. In the
minimal linearised regime, the closure mode acts only as a global admissibility constraint and
does not generate independent local quadratic stiffness. Consequently: u = v =w = 0 at leading
order.

Proof sketch.

Step 1 — Around a closure-consistent background, perturbations are tested, not energised.
Take h_{uv} = 0 (flat, exactly closure-consistent). Perturb: h {uv} — dh {uv}. At zeroth order
the closure condition C[h] = 0 is already satisfied. The closure functional therefore acts as a
Lagrange multiplier: S_closure = A C[h] + O(h?). If C[h] = 0 on admissible linear perturbations,
there is no independent quadratic energy from closure.

Step 2 — The closure mode is global, not channel-local. Transport terms generate local
quadratic derivative invariants through neighbour mismatch. The closure mode is a global mode
with no independent local directional tensor structure. A global mode cannot, at minimal order,
independently distinguish Iz, I3, I+ in a local way — it has no local anisotropic content with which
to generate u, v, w-type renormalisations.

Step 3 — Non-vanishing u, v, w would make closure a second dynamical sector. If u, v, w #
0, closure independently shifts the divergence, trace, and mixed coefficients — dynamically
competing with the transport sector. Any non-zero u, v, w would introduce an independent scalar
stiffness, contradicting the single-closure-mode structure of the 6+1 architecture and
reintroducing a propagating scalar degree of freedom. This is precisely the ghost that Section
28.8 excluded. Ghost-avoidance and null-mode interpretation therefore both require u=v=w =
0. m

Complete derivation. With u = v =w = 0 and the structurally derived transport coefficients o =
,Lo=12,p+y=—1:

A =3k, B=-6x,C=-3k, D=6k
Setting 3k =1 (x = 1/3):
(Aa Ba C9 D) = (19 _29 _19 +2)

The linearised Einstein / Fierz-Pauli structure follows from four steps, each grounded in the fold
architecture:

1. Full-weight edge transport — a =1
2. Half-weight record compression — 6 = 1/2
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3. Negative unit mixed compensation — 3 +vy=—1
4. Global closure as constraint, not dynamics »u=v=w =10

28.11 Explicit Null Mode Verification

We show explicitly that the action with (A, B, C, D) = (1, —2, —1, +2) is invariant under
linearised diffeomorphisms. This is the step that confirms the closure mode generates a genuine
gauge redundancy rather than merely providing a structural argument for it.

The action:

S = [d*x [Ii — 21> — Is + 214]

The variation:

oh {uv} =0 pE v+ovéE n

Step 1: Compute the trace variation.

oh =n"{uvj 8h_{uv} =20 p&u=2(0-9)

Step 2: Compute the building block variations.

(A)O(OA hi{pv}) =0 A0 p& v+o A0 vE p

(B) 8(0"uh_{uv}) =0g v+0 v(0-9)

(C) 8h =2(0-9)

Step 3: Compute variation of each invariant (up to total derivatives).

For o/:: using (A) and integrating by parts,

Ol = 2(04 h{pv}) (OO EMV) + 2(04 h{uv} (OO EN)

=—2h {pv} oo*u&v —2h {uv} oo*v &t

=—4h_{pv} oo™ & (symmetry of h_ {uv})

For o/z: using (B),

8L =2(8"n h_{pv})(O& + 8°V(3-E))
=2(0"wh_{pv})ogrv + 2(0"u h_{uv})ov(o-§)

Integrating by parts:

312 = ~2h_{iv}(@h 0E) ~ 2(00 h{iv}(@E)
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For oI5: using (C),

Ol =2(0_ph)(@*u déh) =4(0 ph)o w©6-&) =—4h o(o-&)
For ol

6la = 8[(0"wh_{uv})(0*v h)]

= (60 wh_{pv})(0*vh) + (0"wh_{uv})(@"v oh)
=(0&_v + V(0¢))(0"V h) + (0"u hipv}) - 20™V(0-€)

Integrating by parts:

8la=—h 0(0-€) — h v _v(-&) — 2(0vd"u h{pv})(0-€)
= —2h 0(0-8) — 2(v0"u h{uv})(0-€)

Step 4: Combine with the coefficient pattern.

0S =0l — 281> — 815 + 2014

Collecting the oo”*p E*v tensor terms (from ol and —2912):
from 6li: —4h_{pv} oo™ EMv

from —20l2: +4h_{uv} 0*u o&v =+4h_ {uv} oo*p v
Sum: 0 vV

The oo™ &*v terms cancel exactly.

Collecting the 0(0-&) trace terms (from —061s and +2614):

from —d1s: +4h 0(0-&)

from +261a: —4h 0(0-§)

Sum: 0 vV

The trace terms cancel exactly.

Collecting the (dvo~u h{pv})(0-) mixed terms (from —201> and +2014):
from —2812: +4(0vo”u h{uv})(0-&)

from +261a: —4(0v0™u h{uv})(0-§)

Sum: 0 vV

The mixed terms cancel exactly.

Result:

0S=0
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foroh {uv} =0 p& v+o v& p,with(A,B,C,D)=(1,-2,-1,+2). m
Why each cancellation requires the specific coefficient values:
e The oo™u &My cancellation requires the coefficient ratio A: B=1:-2
e The o(0-&) cancellation requires the coefficient ratio C: D=—-1:2
e The mixed (0-0-h)(0-&) cancellation requires B+ D =0,1i.e. —2+2=0
Any other coefficient pattern breaks one or more of these cancellations, reintroducing a
propagating scalar or tensor ghost. The Fierz—Pauli combination is therefore the unigue

coefficient pattern admitting the diffeomorphism null mode.

Physical interpretation in VERSF language:

Mathematical object VERSF meaning
= + . . o g
gh;gl :} O_Hsv Re-labelling of commitment stitching between cells
0S=0 Physics unchanged under relabelling
Null mode Closure mode = global consistency condition, not a physical degree
of freedom
Gauge invariance Emerges because closure enforces admissibility, not dynamics

Gauge invariance is not imposed on the VERSF framework from outside. It emerges because the
closure mode is a consistency constraint: physics cannot depend on how the global consistency
degree of freedom is parametrised, just as physics cannot depend on a coordinate choice in GR.

What remains. The calculation above uses the standard continuum variation. A fully self-
contained VERSF proof would derive S = 0 directly from the discrete action by showing that
the closure functional C[h] vanishes under the relabelling variation — without importing the GR
identity. That derivation requires writing C[h] explicitly from the fold closure architecture. It is
the step that converts reproduction of GR into first-principles derivation of it.

28.12 The Discrete Null Mode: From Reproduction to Derivation

Section 28.11 verified 8S = 0 from the continuum invariants. This section pushes further: it
derives 0S_disc = 0 directly from the discrete action to leading order, reducing the remaining gap
to a single explicit construction.

The key observation. The discrete action depends only on transport-consistent mismatch, not on
raw field values:

S disc =(x h/2) > {x,a} Tr[A ah(x) A ah(x)] +S_closure

Since A _a h is the difference after transport, a pure relabelling of commitment stitching — which
leaves the transport-consistent comparison unchanged — should leave the action invariant. This
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is the discrete analogue of gauge invariance, and it is built into the architecture rather than
imposed.

The discrete null mode. The continuum variation 6h_{uv} =0 p& v+ 0 v & pbecomes on the
lattice:

Sh(x) = V{(H)}e(x) + [VMH(H}EX)IT

where V*{(+)} is the forward difference operator. This is a local relabelling of neighbouring
commitment stitching — exactly what the physical interpretation of Section 28.11 describes.

Varying the mismatch. Under any variation dh:

(A _ah)=06h(x + fn_a)— &(T ah(x))

Expanding &(T _ah)=(8T a)h + T a(dh):

O(A _ah)=06h(x+ fn_a)— T a(dh(x))— (8T a)h(x)

The discrete covariance condition. Writing T a=1+ £I"_a + O({£?) and Taylor-expanding:

A ah=4{n a*no ph—T ah)+0O(L?)

Varying:

O(A_ah)=1L(n_a™n o p@dh) — T a(dh) — (3" _a)h) + O(L?)

This vanishes to leading order if and only if:

n a*u o w(dh)=I a(dh)+ (6" a)h

This is precisely the infinitesimal covariance condition for an admissibility-preserving transport
map. It holds whenever T a transforms as a connection under the local stitching relabelling —
which is exactly what "admissibility-preserving transport" means. Under this condition:

O(A _ah)=0to leading order in {

Therefore:

0S disc=«x h) {x,a} Tr[A ah- (A _ah)]+03S closure =93S closure

The reduction. The discrete null-mode invariance of the mismatch sector is established. The full
proof reduces to:

0S_disc =0 if and only if 6C[h] =0
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where C[h] = 0 is the closure functional. Since S_closure = A C[h] + O(h?), and the closure mode
enforces admissibility under relabelling (not independent dynamics — as established in Section
28.10), 6C[h] = 0 for pure stitching relabellings is the natural structural requirement.

Proposition (Discrete null-mode invariance). Let h transform by a local relabelling of
commitment stitching, and let neighbouring cells be compared by admissibility-preserving
transport T a. Then the transport-consistent mismatch satisfies 6(A_a h) = 0 to leading order in
L. If the closure functional is likewise invariant on admissible perturbations, 6C[h] = 0, then
dS disc =0.

What the discrete derivation achieves. Previously the paper could say: "the continuum action
has the right null mode." Now it can say: "the discrete transport-consistent action is invariant
provided transport is admissibility-covariant and closure is relabelling-invariant." The null mode
is built into the discrete architecture, not imported from GR.

The one remaining step. The derivation reduces to a single explicit construction: write C[h]
from the fold closure architecture and show 6C[h] = 0 under discrete stitching relabelling. That is
not a conceptual gap — it is a concrete algebraic task within the existing VERSF machinery. It is
the step that converts the proof from conditional to unconditional.

29. The VERSF Stress-Energy Tensor

The Newtonian sector of Parts II-III sources gravity through bound committed fold density
p_bound. The relativistic extension requires the covariant object that carries commitment
density, commitment flux, transport mismatch stress, and closure energy. This section provides
the first formal definition.

29.1 Three-Sector Decomposition
The VERSEF stress-energy tensor has three distinct physical sectors:
Sector A — Committed flow. The relativistic version of fold transport, analogous to a perfect

fluid. Let u”p be the coarse-grained 4-velocity of committed record flow and p_com the energy
density of committed structure. Then:

T {flow}{uv} = (p_com +p com)u pu v+ p com g{uv}

From the fold energetics of Part IIl: p com = p bound - € fold =p bound - Chc/E. This is the
natural relativistic upgrade of the Newtonian sourcing by p_bound.
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Sector B— Mismatch stress. The genuinely new VERSF component. Transport-consistent
local stitching failure generates an anisotropic stress I1 _{uv} that the perfect-fluid sector cannot
capture. Its Lagrangian density is precisely the mismatch action of Part I'V:

% mismatch=A'li + B-L,+C-Is+ D-Is

with the Fierz—Pauli coefficients (A, B, C, D) = (1, =2, —1, +2) in the linearised Einstein limit.
The corresponding stress contribution is:

T~ {mismatch} {uv} = 0F mismatch/0(0"u h{aB}) - ov h{aB} — g {uv} £ mismatch

This sector carries anisotropic stress, shear transport cost, and divergence/trace coupling stress. It
is what makes VERSF gravity tensorial rather than scalar.

Sector C — Closure energy. The effective energy stored in maintaining irreversible
admissibility. From the fold energetics, the commitment barrier ® ¢ = (hc/E)(1 + T _c)
contributes a vacuum-like closure energy density p _cl. In highly saturated regions this acts like a
negative-pressure sector:

T™{closure}{uv} =p clu pu v+p cl P{uv}, P {uv} =g {uv} +u pu v

The equation of state p_cl(p_cl) depends on whether closure acts as tension or rigidity — this
remains open.

29.2 Full Definition

Definition (VERSF stress-energy tensor). The VERSF stress-energy tensor is the coarse-
grained covariant current of committed distinguishability, transport-consistent mismatch, and
closure energy:

TMNVERSF}uv} =(p_eff +p_eff) u_uu v+p eff g{pv} +IL_{pv}

where p eff=p com+p cl,p eff=p com+p cl,and I1 {uv} is the anisotropic stress from
transport-consistent mismatch of neighbouring commitment cells.

29.3 Newtonian Limit Check

In the slow-motion weak-field limit: up = (1, 0); anisotropic stresses are subleading; closure
corrections are absorbed into effective density. Then:

T{VERSF} {00} =p eff=p com=p bound - ¢ fold
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This recovers exactly the Newtonian sourcing by committed fold density / stored commitment
energy from Parts II-II1. The relativistic tensor reduces correctly in the appropriate limit.

29.4 Radiation Sourcing

The tensor resolves the radiation problem stated in Section 15. Photons have I bound ~0 (T d
< 1_eff), but they are not absent from T"{VERSF} {uv}: they contribute through the flow sector
TNflow}{uv} (energy flux) and the mismatch sector I1_{uv} (transport stress). Radiation sources
gravity through energy and momentum transport, not through bound fold density. The extension
beyond bound matter is therefore natural rather than requiring a separate mechanism.

29.5 Covariant Conservation

Physical sourcing requires:
VAL TA{VERSF} {uv} =0

This is not postulated. It follows from three structural properties of the VERSF framework, each
corresponding to one sector:

e BCB conservation (flow sector): Committed distinguishability is conserved — bits do
not spontaneously uncommit. This gives 0t p_bound + V-J bound = 0 in the Newtonian
limit, and its covariant upgrade forces Vu T"{flow}{uv} = 0.

o Transport consistency (mismatch sector): The mismatch action is gauge-invariant
under dh {uv} =0 p& v+ 0 vE u, as shown in Section 28.11. This invariance, via
Noether's theorem, implies the mismatch stress is covariantly conserved.

e Closure as constraint (closure sector): The closure mode enforces admissibility without
independently creating or destroying committed content. It contributes no net source to
the divergence.

Together these give V u TM{VERSF} {uv} = 0 as a structural consequence rather than an
independently imposed condition. This is the relativistic version of the continuity equation of
Section 10.1.

Caveat: The Noether argument for the mismatch sector (step 2 above) is correct in outline —
gauge invariance of the mismatch Lagrangian does imply conservation of the associated current.
However, this argument is complete only once I1_{uv} is explicitly written from the 6+1 edge

and closure variables. Until then, VA TA{VERSF} {uv} = 0 for the mismatch sector is argued
but not proved.

29.6 What Remains Open
Three things are not yet defined from the microscopic level:

1. Explicit IT_{pv} from 6+1 variables. The mismatch stress must be derived from the
edge modes e a and closure mode c in the 6+1 decomposition. The Lagrangian is known
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(&% mismatch from Part IV); the stress tensor computation from it is the immediate next

step.

2. Closure equation of state p_cl(p_cl). Whether closure acts as tension or rigidity
determines the sign and magnitude of p_cl.

3. The covariant field equation. The natural target is G_{uv} = 8nG_eff
TA{VERSF} {uv}, but this should not be claimed until derived from the VERSF
geometric emergence programme.

30. Derivational Status of the GR Programme

Established in this paper:

Component

Scalar mismatch
insufficiency

Discrete transport action
S disc
Kinetic term A = 3k

Transport operator
parametrisation

Mixed term M

Full coefficient formulae
A,B,C,D

Null-mode forces Fierz-
Pauli

Transport parameter
values

Minimality u=v=w=0

Full Einstein pattern
(1 ’_2,_1 5+2)

Explicit null mode 6S=0

Discrete mismatch 6(A_a
h)=0

T{VERSF} {uv}
definition

VAu TA{VERSF} {uv} =
0
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Status

Proved — lemma in Section 25

Written — explicit action with T a=1+{I"_a

Proved — hexagonal isotropy theorem

Complete — four-parameter (a, f, v, 8) form is most general
admissible

Computed — M =—6a I — 6(B+y) [a — 60 I
Derived — explicit functions of transport/closure parameters

Established — unique ghost-free action with one closure null mode
is (1,-2,-1,+2)

Structural plausibility arguments — o=1, 6=1/2, f+y=—1
motivated from fold architecture; not yet derived from dynamics

Derived — closure is global constraint, not local dynamical sector
(Section 28.10)

Structural derivation sketch complete — four steps; pending
dynamics derivation of transport parameters

Proved — continuum calculation (Section 28.11); discrete derivation
conditional on 6C[h]=0 (Section 28.12)

Derived — from admissibility-covariance of transport map T a
(Section 28.12)

Defined — three-sector decomposition; Newtonian limit verified;
radiation extension natural

Argued, not proved — Noether argument for mismatch sector is
correct in outline; proof incomplete until IT {uv} is explicit from 6+1
variables



Remaining:

Component Status

Open — the single remaining step for full discrete proof; explicit

Closure functional 3C[h]=0 C[h] construction required

Derive a, 6, p+y from fold
dynamics
Explicit IT {pv} from 6+1
variables

Open — structural arguments given; dynamics derivation required

Open — Lagrangian known; stress tensor computation is next

Closure equation of state
p_cl(p _cl)

Nonlinear Einstein
equations

Open — sign and magnitude of closure pressure undetermined

Outside scope

The current position: The 6+1 transport-consistent closure architecture produces the linearised
Einstein action, verified by explicit continuum null-mode calculation. The discrete null-mode
invariance of the mismatch sector is derived — d(A_a h) = 0 from admissibility-covariance of
the transport map. The full proof is now conditional on a single explicit construction: write C[h]
from the fold closure architecture and show 6C[h] = 0. That is the step that converts reproduction
into derivation.

23. What This Paper Establishes and What Remains

Established:

The form of Newtonian gravitational sourcing is fixed up to a single normalisation parameter by
fold ontology and coherence constraints. Specifically:

1. The Poisson equation V2@ bound = 4mAc?§ p_bound is the unique admissible isotropic,
local, linear, second-order, elliptic field law for fold density — derived, not assumed.

2. The inverse-square law follows automatically as the unique vacuum solution.

3. The normalisation reduces to G = (A/C) &c*/h with C=A + B(1 + T _c).

4. The tick/bit distinction grounds gravitational time dilation in commitment-production
efficiency.

5. A derivation schema for the normalisation sector establishes A/C = 2" {—2KN_loop} -
(1/N_loop) - n: N_loop = 2K from two-branch channel structure; 2" {—2KN loop} from
binary closure admissibility plus loop-closure necessity; 1/N_loop from isotropic scalar
mode projection. The factor-of-two exponent is grounded in closure architecture, not
assumed.

6. m=1is the working assumption in the ideal isotropic closure limit, asserted to be
exhaustive at leading order: the listed suppression factors are taken to account for all
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structurally distinct contributions. Residual corrections are = 1 + dn with |on| < 1
expected, but not independently proved (Section 20.3).

7. & coh =79 um is derived as the unique scale forced by the suppression law at K =7,
N_loop = 14, n = 1. This matches the independently constrained mesoscopic coherence
band and the Landauer commitment threshold T ¢ ~ 41-42 K — a non-trivial internal
consistency check.

Not yet established:

o Explicit IT {uv} from 6+1 edge/closure variables — Lagrangian known; stress tensor
computation is next

e Closure equation of state p_cl(p_cl) — sign and magnitude of closure pressure
undetermined

e Self-contained C[h] derivation of gauge invariance from the discrete VERSF action

e Structural arguments for a =1, 6 = 1/2, p + y =—1 from fold dynamics (plausibility
arguments given; dynamics derivation required)

e Full proof of y = 3/8 in the bridge law: the 1/2 and 3/4 factors are structurally derived; the
fold-sector transport algebra (P_coh H fold=H {A:} @ H _{A:} @ H {R:}) is the
remaining algebraic step

e Quantitative treatment of gravitational time dilation (t_eff « (1 — ®/c*)*{—1} in weak-
field limit)

o Bekenstein consistency of the fold-counting scheme

e Microscopic derivation of Earth's mass from fold counting (Appendix E)

The remaining open programme: The normalisation sector is structurally derived in the ideal
limit. Remaining items are computable quantities, not conceptual gaps: (i) the fold-sector
transport algebra proving P_coh H fold=H {A:} @ H {Az} @ H_{R:}, completing the y =
3/8 proof and closing the bridge between nuclear and mesoscopic physics; (ii) computing on and
I' ¢ from TPB microdynamics; (iii) the general N-channel extension of the 1/N_loop projection
(proven at N=6, structurally established generally).

Relation to companion paper: The companion paper establishes points 1-4. The present paper
adds points 5—7 — none of which appear in the companion paper.

Comparison with existing approaches to emergent gravity:

Approach Gets field law Gets source Redu‘ces VERSF
form structure coupling
Entropic gravity (Verlinde) + Poisson-like  Partial X —
General relativity Assumed (EFE)  Assumed (T _pv) X —
Causal dynamical . ..
triangulations Emergent metric  Implicit X —

Reduced to [,

VERSEF (this paper) Derived Derived from BCB C]
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VERSF occupies a different position from entropic gravity: it derives not just the form but the
source structure, and reduces the coupling to a finite normalization sector with a proposed
internal mechanism. It occupies a different position from GR: it does not assume the field
equations but derives their weak-field form from commitment dynamics. What it shares with GR
1s honesty about what remains to be determined.

The Killer summary: Gravity is not a fundamental force. It is the unique macroscopic field
required to maintain conservation of distinguishability under local constraint-satisfying
dynamics. The remaining problem is not the existence of gravity — that is structurally fixed. The
remaining problem is the precise efficiency with which distinguishability propagates through the
constraint architecture of the fold interface. Once that efficiency is computed from TPB
microdynamics, the numerical value of G is determined without further freedom.

A fold is the minimal physical unit of distinguishability, comprising a four-state internal
structure (two pre-commitment amplitude configurations and two post-commitment record
configurations) whose irreversible dynamics support exactly one bit of extractable information.
The requirement that folds remain finite, irreversible, and causally consistent forces a coherence
scale &, from which both quantum behaviour and gravitational coupling emerge.

Gravity is not introduced as a force. It is the macroscopic consistency condition imposed by the
existence of irreversible facts — the constraint required for a universe in which facts can persist.
The theory does not begin with space, time, or force. It begins with the requirement that facts
exist. Once that requirement is enforced, the structure of spacetime, causation, and gravity are no
longer independent choices — they are different expressions of the same constraint.

APPENDICES

Appendix A: The Causal Constraint Condition — Self-
Contained Derivation

At the substrate level, TPB is a pre-temporal commitment index. The CCC is a statement about
commitment-rate in the emergent continuum description.

Step 1: One TPB commitment advances structure by one cell of size & per update opportunity.
There is no action-at-a-distance; the commitment frontier advances strictly locally.

Step 2: In the emergent continuum description, the maximum rate of commitment-frontier
advance is v_causal = £/t1_eff, where 1_eff is the effective commitment interval reconstructed

from accumulated TPB updates.

Step 3: The saturation of this bound defines c:
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¢ = (&/1_eff)|_saturated = 1_eff=&/c
Both ¢ and t_eff are emergent representations of the same substrate commitment-rate structure.
The identification of this maximum with the physical speed of light is the CCC's empirical

content.

Consequence for k: With t_eff =&/c, D eff ~ %1 _eff=&-c,so D eff/t eff=c? and k =A c? &.
The CCC alone does not fix k; Postulate 4 setting D _eff is also required.

Appendix B: Dimensional Consistency

Quantity Expression Dimension Status
& Length quantum L Primitive
T _eff &/c (from CCC) T Emergent
p_bound=n f N _committed / & L7 Defined
D eff &/t eff=¢&c L>T! From Postulate 4 + CCC
K Ac*él L>T? For flux/acceleration only
Poisson coupling = k/E? A ¢* & 2T For Postulate 5 field equation
E bind C hclé ML*T? Derived
D c (hc/E)(1+T_¢) ML*T? Bounded below
¢ _fold = C hAc/g single-scale collapse M L2 T2 Conditional on ansatz
c_sat=&c/(C h) inverse mass/fold M™! Conditional on ansatz
G=MAo_sat§c? m® kg 572 L* M T2V From Poisson matching
G=(\0C) &c’h m? kg s L3 M T2 v Conditional prediction

Appendix C: Framework Alignment

VERSF Component Role in the Derivation Chain
Binary Foundations Step 1: binary necessity forces folds
Bit-Tick ontology Steps 1-2: folds = bits; ticks = commitment ordering
BCB Step 2: distinguishability conserved; geometry from flow

Topological threshold /  Steps 2—3: irreversibility requires structure; commitment = trapped
RAL information

TPB Steps 3—4: commitment rate sets energy and time scales
CCC Step 4: finite distinguishability forces & and c
This paper Step 5: & determines G via fold density gradient law

Binary suppression ansatz Section 20: K=7, N_loop=14 determines magnitude of A/C
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Appendix D: Clean Equation Reference
For reference, the most important equations of the programme:
Coherence / commitment scale:

&=hc/E ¢

Commitment energy (Landauer-consistent):
Ec=k BT cln2

Informational source density:

pl=pcé/h

Commitment-potential equation:

VW= Ip 1

Weak-field identification:

Y =-0/c?

Matching condition for Newton's constant:
G=xI1c*E/(4nh)

Fold energy (collapse ansatz):

e fold=Chc/E, C=A+B(1+T c¢)

Newton's constant — structural form:
G=(C) &c*h

Binary suppression ansatz:

K I~ (/N _loop) - 2*{—2KN loop}

Newton's constant — binary suppression form:

G~c*&/(4n h N _loop) - 2" {—2KN_loop}
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with K=7, N _loop = 14.

Appendix E: Worked Example — Earth's Surface Gravity
This appendix demonstrates that the VERSF framework reproduces Earth's surface gravitational
acceleration in the weak-field regime. The calculation uses the derived exterior solution and the
VERSF expression for G. Nothing new is assumed; this is a closure check showing the chain
from binary closure architecture to a concrete observable.

E.1 Standard Calculation from the Derived Field Law

The VERSF field equation produces, as its unique exterior solution, the inverse-square
acceleration field:

g(r)=GM /r?

This is not postulated — it is derived in Section 11 as the unique spherically symmetric vacuum
solution of the unique admissible Poisson equation. Inserting Earth's parameters:

M @D =5.97x10* kg

R @ =6.37x10°m

G=6.67<10" m* kg s72

Numerator:

GM_©D = (6.67x107'")(5.97x10%*) = 3.98x10" m* s2
Denominator:

R D= (6.37x10°*=4.06x10" m?

Therefore:

g @ =3.98x10"/4.06x10"*= 9.8 m 52

The VERSF framework reproduces Earth's surface gravity in the weak-field regime.
E.2 Full VERSF Form

Substituting the VERSF expression for G:

G = (MC) &¢*/h
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Earth's surface gravity becomes:

g B=M_D/R_P*  (WC) - &c/h

Inserting the binary suppression result A/C = 2*{—2KN_loop} - (1/N_loop) ‘ n:

g =M D/R DY)  2*"{—2KN loop} /N loop) - n - &c*/h

For K=7,N loop=14,n=1, = 8x107° m, this reproduces the observed G and therefore the

observed g €. Earth's surface gravity is a derived consequence of the binary loop architecture of
the fold interface, the coherence scale, and the committed mass of the Earth.

E.3 Bound Information Form

The more fundamental VERSF expression uses bound information directly. From Section 11, the
exterior acceleration for a source with total bound information Q bound is:

g(r) = Ac?§ Q_bound / r?

The Earth's committed mass relates to its bound fold count by:

M & =p fold - Q bound,®

where p_fold = ¢ fold/c? = Ch/(&c) is the mass per fold. Therefore:
Q bound, =M P c?*/¢ fold=M D &/ (Ch)

and Earth's surface gravity in pure bound-information language is:

g @D =A?EQ bound,® /R B?

This is the expression that would follow from a fully microscopic VERSF calculation of the
Earth's fold count. The current derivation still inputs M_ € as the effective committed mass;
computing Q bound,@ from first principles would require a fold-counting of Earth's nuclear
matter — a calculation that lies within the programme but has not yet been performed.

E.4 What This Demonstrates

The chain is now closed at the level of the weak-field observable:

Binary closure architecture (K=7, N _loop=14)
G = (A/C) é2c3/h [derived]

g(r) = GM/er [derived exterior solution]

g_ﬂa ~ 9.8lm s™2 [observed, reproduced]
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The framework derives the form of gravitational interaction and reproduces a measured
observable. What it does not yet provide is a microscopic derivation of M_ @ from fold counting
— that would require connecting the committed fold density of nuclear matter to the bulk mass
of macroscopic objects, which is the next natural step in the programme.
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