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Summary for the General Reader

Two companion papers — one on the emergence of spacetime and gravity, one on the structural
inevitability of certain physical architectures — make an ambitious claim: that much of the
structure of modern physics is not a free choice but a consequence of the requirement that
experiments have repeatable, recordable outcomes.

This note is a preemptive FAQ. It asks: what exactly do those papers prove, and where do they
rely on assumptions? The answers are organised around the most likely technical challenges a
reviewer might raise, but the key points can be stated plainly:

What is actually proven? Starting from a small number of basic rules — that experiments
produce permanent records, that the underlying physics is reversible, that information capacity is
finite, and that influences are local — the companion papers derive the existence of a maximum
speed of light, the familiar structure of Einstein's special relativity, and the mathematical
framework (a "4-current") needed to track how records are created and transported. A separate
chain of reasoning proves that any theory obeying these rules must contain certain architectural
elements: an entropy cost for each record, a conversion ratio between fundamental time-steps
and recorded information (Ticks Per Bit), a specific stabilisation mechanism for particle-like
structures, and gauge symmetry of the kind found in the Standard Model of particle physics.
None of this requires assumptions about gravity.

What is derived with additional assumptions? Einstein's equation of general relativity — the
law governing gravity — is recovered through two independent routes, each requiring clearly
stated additional assumptions. One route treats gravity as a thermodynamic consistency
condition; the other builds it from how the density of recorded information varies from place to
place. Both routes arrive at the same answer: standard general relativity at leading order, with
possible tiny corrections at extremely small scales.

What remains open? The papers do not derive quantum mechanics, do not predict the value of
the cosmological constant, and do not yet fully integrate the derivation of the specific particle-
physics symmetry group (though companion papers address this from a related starting point).
These gaps are catalogued as open problems with defined paths to resolution.



Why this note? A programme making structural necessity claims invites — and should invite —
concentrated scrutiny. The purpose of this document is to ensure that scrutiny lands on the right
targets: clearly stated propositions, honestly flagged assumptions, and concrete falsifiability
conditions. Every assumption is labelled. Every open problem has a scope. The line between
what is proven and what remains to be done is drawn explicitly.
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Abstract

The BCB record-theoretic programme claims that relativistic spacetime structure and Einstein
gravity emerge from operational axioms concerning irreversible record commitment on a
reversible substrate with finite distinguishability and locality. Because the programme makes
structural forcing claims across two companion papers — the BCB Inevitability Programme
(Axioms 1-6 — Theorem U) and Record-Theoretic Emergence of Spacetime Geometry and
Gravitational Dynamics (Axioms 1-5 — Einstein equations via Routes A and B) — it invites
concentrated scrutiny. This note addresses anticipated technical objections in advance. We
clarify (1) the precise scope of what is proven versus assumed, (ii) the status of the conformal
volume selection principle, (iii) the conditional nature of the strong-field completion, (iv) the
role of the source scalar in the balance law, (v) the universality-class assumptions on record
statistics, (vi) the auxiliary status of commitment density in the infrared, (vii) the scope of the
inevitability claim and its relationship to gauge structure, and (viii) the falsifiability conditions
under which the programme would fail. The goal is not rhetorical defence but structural
transparency: ensuring that scrutiny is applied to clearly stated propositions rather than implicit
assumptions.

1. What Is Actually Claimed to Be Proven?

Before addressing objections, we state precisely what the two companion papers prove, what
they derive conditionally, and what they identify as open. The programme's credibility rests on
maintaining this classification rigorously. The following taxonomy applies across both papers.
Notation: theorem/lemma/proposition labels refer to the numbering in the companion papers
unless otherwise stated.

1.1 Proven from Axioms Alone

From the spacetime paper (Axioms 1-5): Theorems 1-3 establish a bounded domain of
dependence, an invariant maximal record-influence speed c, and the Lorentz group as the unique
cone-preserving linear symmetry. Lemmas 1-2 and Proposition 1 derive the existence of a local
commitment density p_c, a spatial commitment flux J c, and the 4-current C*u as the minimal
macrostate basis compatible with Lorentz covariance. The TPB scaling TPB « dt/dr follows
from these constructions. None of these results require gravitational closure assumptions.



From the Inevitability Programme (Axioms 1-6): Theorem A (empirical meaning forces
records), Lemma A1 (records require coarse-graining), Corollary A2 (coarse-graining plus
reversibility yields irreversibility), Theorem B (minimum entropy cost per bit), Theorem C
(existence of a TPB-like conversion invariant), Theorem E (Skyrme-type stabiliser forced for 3D
solitons), Proposition E.2 (uniqueness of the stabiliser within minimal derivative class),
Theorems F1-F2 (gauge structure with compact Lie group from redundancy of
microdescription). These results require zero additional assumptions beyond the six axioms.

1.2 Derived from Axioms Plus Canonical Closure

The conformal factor via the Jeffreys measure (Proposition 2 of the spacetime paper) selects the
spacetime volume element by the condition V|g| = ko - J(C), where J is the Jeffreys density of the
Fisher metric on macrostate space. This is the unique reparametrisation-invariant, composable
volume selection — but it is a closure principle, not an axiomatic theorem. The paper does not
claim otherwise; the distinction matters. Whether this principle can be derived from the axioms
alone is listed as open problem O1.

Proposition D of the Inevitability Programme (EFT locality from finite observers) additionally
assumes empirically observed scale separation and cluster decomposition. These hold in all
tested regimes but are not derived from Axioms 1-6 alone. The programme is explicit about this:
Proposition D has a different logical character from Theorems A—C.

1.3 Conditional on Explicit Macroscopic Assumptions

Route A: Einstein's equation as a thermodynamic equation of state (Jacobson closure), requiring
four explicit assumptions: Al (local causal boundary), A2 (record entropy—area law), A3 (local
Clausius relation), A4 (local equilibrium). These are physically motivated but not deducible from
the axioms alone.

Route B Newtonian limit: The worked example (Section VIII.7) specifies a Poisson—drift
micro-model in universality class U1-U4, derives the Newtonian potential variationally, and
recovers V2O = 4nGp m with G = yoc*/(8mp_{c0}).

Route B strong-field completion: Theorem VIII.3 establishes the Einstein form under five
explicit infrared hypotheses (H1)—(HS5), with H4 verified for the canonical model. Proposition
VIILS5 identifies the coefficients: k_eff = yo/p_{c0} = 8nG/c*.

Restricted uniqueness: Theorem U of the Inevitability Programme establishes that within the
fold-based subclass I _fold, the BCB architecture is forced. Conditional structural uniqueness
(Theorem SU) additionally requires closure of H1-H3.

1.4 The Key Clarifying Statement
The programme does not claim that Einstein's equation follows from Axioms 1-5 (or 1-6). It

claims that Einstein's equation is the unique leading-order metric equation compatible with the
axioms plus five explicit infrared hypotheses — and that for the canonical Poisson-drift micro-



model, four of those five hypotheses are derived rather than assumed. The fifth (H4, second-
derivative truncation) is explicitly verified at leading order for the canonical model.

1.5 Status Table: Proven / Closure / Conditional / Open

Result

Invariant speed ¢, Lorentz group

4-current C*p as minimal
macrostate basis

Records, entropy cost, TPB
existence

Skyrme stabiliser forced and unique

Gauge structure (compact Lie

group)

Conformal factor via Jeffreys

measure

EFT locality (Proposition D)

Einstein eq. (Route A, Jacobson)

Newtonian limit (Route B)

Einstein eq. (Route B, strong-field)

Restricted uniqueness (7"_fold)

SM gauge group
SUB)xSU2)xU(1)

Conformal selection from axioms

alone

Source scalar resolution (g vs 7)
Cosmological constant value

Status

Proven (Axioms 1-5)
Proven (Axioms 1-5)
Proven (Axioms 1-6)
Proven (Axioms 1-6)
Proven (Axioms 1-6)

Canonical closure
Closure (+ scale separation)
Conditional (A1-A4)

Conditional (U1-U4 +
sourcing)

Conditional (H1-HS)

Conditional (Theorem U
premises)

External (BC1-BC3 + FIM)

Open (O1)

Open (02)
Open (05)

Source
Spacetime paper, Theorems
1-3
Spacetime paper,
Proposition 1
Inevitability, Theorems A—C

Inevitability, Theorem E,
Prop. E.2

Inevitability, Theorems F1—
F2

Spacetime paper,
Proposition 2
Inevitability, Proposition D

Spacetime paper, Section
VII

Spacetime paper, Section
VIIL.7

Spacetime paper, Theorem
VIIIL.3

Inevitability, Section G

Gauge trilogy; H3
translation open

2. Conformal Volume Selection: Why Jeffreys and Not

Something Else?

Anticipated objection: "The choice \|g| = koV(det g_ab) is ad hoc.”

Response. Three constraints jointly select the Jeffreys density over all alternatives:



(i) Reparametrisation invariance. Under 6 — 0(0), the candidate volume density must
transform as a scalar density. This eliminates coordinate-dependent candidates such as tr(g_ab)
relative to a fixed basis.

(ii) Composability. For independent record subsystems with g = g @ g®, the determinant
factorises: det g = det gV - det g, making log J additive. No other symmetric polynomial of the
eigenvalues of g_ab has this multiplicative property under direct sums. This is the decisive
selection criterion.

(iii) Correct density weight. J must have the transformation properties needed to serve as a
spacetime volume element. The Jeffreys density V(det g_ab) is the unique candidate satisfying all
three constraints simultaneously.

The referee should note that the conformal selection principle itself — identifying spacetime
volume with record-counting volume — is a closure, not a theorem. The content of open
problem Ol is precisely whether this principle can be derived from the axioms. What is not ad
hoc is the choice of density within the principle: given that volume matching is adopted, the
Jeffreys measure is uniquely selected.

Operational motivation for volume matching. The volume-matching principle is not
introduced as an arbitrary coupling between statistical geometry and spacetime geometry. It is
motivated by the operational definition of p_c: commitment density is defined as committed
distinctions per unit proper 4-volume. If the theory takes record commitment as primitive, then
"proper volume" must be defined by a record-based calibration procedure rather than assumed a
priori. A natural calibration is: equal proper 4-volume corresponds to equal distinguishability
capacity of the local record ensemble, i.e. equal statistical volume in macrostate space. Under
reparametrisation invariance and composability, this calibration uniquely selects the Jeffreys
density as the local volume form. Deriving this calibration from Axioms 1-5 alone remains open
(O1); adopting it as a canonical closure specifies how an operational record-counting observer
assigns metric volume.

3. The Strong-Field Completion Is Conditional — But the
Conditions Are Explicit and Checkable

Anticipated objection: "Theorem VIII. 3 assumes what it proves — H4 is just assuming GR."

Response. H4 states that the effective dynamics admits a second-derivative truncation in the
infrared. This is not assuming GR — it is assuming that the theory has a well-defined low-energy
limit, which is a standard EFT requirement shared by every known fundamental theory. The non-
trivial content of Lovelock's theorem is that given this truncation in four dimensions, the form is
uniquely Einstein. The framework's contribution consists of three elements:



First, H4 is explicitly verified for the Poisson-drift universality class: the volume constraint gives
p_c « |g|, which depends algebraically on the metric determinant (no derivatives of g_pv). The
sourcing constraint involves Christoffel symbols (first derivatives). The sigma-model stress
tensor involves products V_u C*a V_v C"b, which after substitution are at most quadratic in first
derivatives of g. This is precisely the derivative order of the Einstein—Hilbert action. No higher
derivatives are generated. The BCB-specific content is not Lovelock's theorem itself, but that in
the canonical Poisson—drift universality class the constraint elimination C*p — C*u(g, 7) does
not introduce higher-derivative metric dependence at leading order, so the second-derivative
truncation is verified rather than postulated.

Second, HS (no extra propagating DOF) follows from the constraint structure rather than being
imposed by hand: p ¢ =p_{c0}|g| is algebraic, and v*p satisfies a first-order constraint
equation, not a wave equation.

Third, the coefficients are identified explicitly (Proposition VIIL.5): k_eff =yo/p_{c0} = 8nG/c?,
with A_eff = —yo/2 from the volume constraint sector.

A theory that failed H4 would be more interesting, not less — it would predict observable
higher-derivative corrections to GR, generating a falsifiable departure from the framework's
leading-order predictions.

4. The Source Scalar Ambiguity Is a Feature, Not a Bug

Anticipated objection: "The framework can't even determine whether the source is € or T — this
isagap."

Response. In the Newtonian regime, both candidates — the rest-frame energy density e =7 pv
u™p u™v and the trace 7= guv T_pv — reduce to p_m ¢? for pressureless dust. More generally,
locality and Lorentz covariance restrict admissible linear sources to a small family of scalars
constructible from 7" v (e.g. 7, €, or fixed linear combinations), so the ambiguity is not arbitrary
freedom but a constrained constitutive choice that becomes testable in relativistic regimes. The
ambiguity appears only for relativistic matter, where they diverge: for radiation, € = p_rad ¢? but
T=0.

This is precisely analogous to how Newtonian gravity does not determine the relativistic field
equation uniquely — one needs the additional input of general covariance plus the equivalence
principle. Here, the additional input is whether radiation sources record commitment (€ says yes,
T says no). This is a physical prediction that distinguishes the two choices, not an
incompleteness. The trace T has a structural advantage: it requires no auxiliary 4-velocity field
u™n, making it well-defined for all matter types including field-theory stress-energy tensors
where no unique timelike eigenvector exists. The paper correctly identifies this as computational
work remaining under O2.



5. The Universality Class Is Physically Meaningful, Not Just
Technically Convenient

Anticipated objection: "The Poisson-like condition U2 is just assuming the answer."

Response. Condition U2 (Var(N) < E[N]) is the defining property of independent-increment
counting processes. It is the statistical analogue of "no long-range correlations in record
commitment at the microscopic level." This is not a fine-tuning condition; it is the generic
behaviour of counting processes in equilibrium.

Violating U2 has calculable consequences. Over-dispersed counting (e.g., negative binomial with
Var(N) o< E[N]"a for a > 1) produces different Fisher scaling (g _pp ~ p_c"{1—a} rather than
1/p_c), which would modify the volume-matching relation and hence the Newtonian coupling in
a calculable way. The Poisson dispersion condition is therefore either a constraint from observed
Newtonian gravity (ruling out over-dispersed record commitment) or a prediction (deviations
from Poisson statistics would produce measurable departures from standard gravity). Either way,
it is a physically meaningful requirement tied to observation, not an arbitrary technical
assumption.

6. C M Is Auxiliary in the Infrared: What This Means and
Why It Matters

Anticipated objection: "H5 is the critical assumption and it's just assumed."

Response. HS states that after imposing the volume constraint (which fixes p_c algebraically in
terms of V|g|) and the balance law (which constrains J*i_c given g and 7), no independent
propagating degrees of freedom remain in C*p. For the canonical model, this can be checked
directly:

pc= p_{cO}\/ lg| is algebraic (no derivatives of p_c appear independently of the metric
determinant). The flow direction v satisfies p_{c0}V_u(V|g| v*11) = yoc — a first-order
constraint equation, not a wave equation. No wave-like solutions for C*p exist independently of
the metric.

The contrast with scalar-tensor theories is instructive. In Brans—Dicke theory, the scalar field ¢
has its own wave equation (O¢ = source) and propagates independently, producing a breathing-
mode gravitational-wave polarisation. Here, p_c has no independent wave equation — it is
slaved to the metric determinant. This is why the framework predicts exactly two GW
polarisations rather than three, matching LIGO/Virgo observations. Any observed third
polarisation mode would falsify HS.



7. Gauge Structure: What Is Proven and What Requires
Integration

Anticipated objection: "The Inevitability Programme doesn't actually derive the Standard
Model gauge group."

Response. This is correct, and the programme says so explicitly. The derivation chain has two
components with different logical statuses:

Proven within the Inevitability Programme: Theorems F1-F2 establish that any admissible
theory in " with redundancy of microdescription admits a gauge structure with a compact Lie
group. This is a general structural result establishing the form of gauge symmetry without
specifying which group.

Derived in the companion gauge trilogy: The specific group SU(3) x SU(2) x U(1) is derived
from a related axiom framework (BC1-BC3 + FIM) conditional on three minimal empirical
anchors (confinement, two-level internal sector, universal phase redundancy), each strictly
weaker than Standard Model assumptions.

The integration task (H3): Lemmas H3.1-H3.9 of the Inevitability Programme establish the
axiom translation: BC1 follows formally from Axiom 4 plus coarse-graining; BC3 follows
formally from Axiom 6; FIM follows formally from statistical distinguishability plus Cencov
monotonicity; BC2 follows operationally from finite distinguishability plus the observational
equivalence quotient. The translation is structurally closed, with BC2 carrying the weakest status
(operational rather than fully formal). The remaining work is integration, not invention.

Importantly, Theorem U (restricted uniqueness of BCB architecture within ' fold) does not
depend on fixing the specific Standard Model gauge group; the gauge integration programme
strengthens the overall unification claim but is not required for the spacetime/gravity emergence
results.

8. Gravitational Waves, Ringdown, and Strong-Field
Consistency

Anticipated objection: "The framework just reproduces GR — where are the new predictions?"

Response. Reproducing GR at leading order is the minimum requirement for any viable theory
of gravity — failure here would be fatal, not a virtue. The framework passes this test with
additional structural content: the speed cGW = c is built into the axioms at the deepest level (the
causal cone sets the maximum propagation speed for all record-relevant influence, including
metric perturbations), not imposed post hoc as in scalar-tensor alternatives that had to be tuned
or discarded after the GW170817/GRB 1708174 measurement. The two TT polarisations follow



from H5 (auxiliary status of C"u). The Kerr QNM spectrum is recovered with corrections
parametrically controlled by (£*/r+).

New predictions arise in regimes where the discrete substrate structure modifies the smooth GR
description: modified dispersion relations at high energy, anomalous decoherence proportional to
commitment rate, and discrete corrections to time dilation (Section XI of the spacetime paper).
These are conditional on substrate realisation and provide falsifiable targets once a specific
substrate model is selected. The programme's contribution is architectural: it identifies the
information-theoretic conditions under which GR emerges and points toward where it must break
down.

9. The Scope and Falsifiability of the Inevitability Claim

Anticipated objection: "The restriction to 7~ fold makes the uniqueness claim vacuous."

Response. The restriction defines the scope of the claim precisely, which is what mathematical
theorems require. A claim of unrestricted uniqueness across all conceivable theories would be
either false or unfalsifiable. A claim of restricted uniqueness within a well-defined class is
testable: anyone who proposes a theory in I fold that lacks one of the BCB structural elements
has either found a counterexample or made an error.

The class '_fold is physically motivated: it contains theories whose empirically accessible
excitations behave as stable, localised, finite-energy structures describable within a low-energy
EFT. Whether the underlying ontology consists of strings, loops, or other extended objects is
immaterial at the EFT level. Theorem U makes a conditional claim about the structure of the
effective description, not about the microscopic substrate.

10. Falsifiability Conditions

The programme's strength lies in its concrete falsifiability. Each closure task is computationally
definable, and failure at any stage has precise consequences:

If H1 fails (the TPB window remains tunable): structural inevitability collapses to parametrised
consistency. The architecture is still forced, but the generation count becomes a fit rather than a
prediction.

If H2 fails (the generation count is not spectrally fixed at three): predictive strength weakens.
The framework still constrains but does not determine the number of particle families.
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If H3 fails (the gauge translation cannot be completed): uniqueness remains restricted to
Theorem U. The BCB architecture is forced within °_fold, but the specific gauge group requires
external input.

If a third GW polarisation is detected: HS is falsified. The record fields carry independent
propagating degrees of freedom, and the framework requires structural revision.

If ¢ GW # ¢ at measurable precision in any regime where record-relevant influence remains
bounded by the same invariant causal cone: the programme's identification of the causal cone
with record influence is falsified or requires revision.

If the Newtonian coupling deviates from G = yoc*/(87p_{c0}): the Poisson universality class
U1-U4 is ruled out, requiring either different counting statistics or revision of the volume-
matching principle.

If empirical scaling requires a non-Jeffreys volume form: e.g. if matching both Newtonian
gravity and relativistic redshift requires a volume element not equivalent to V(det g_ab) under
reparametrisation-invariant composability, then the canonical volume closure is falsified and
must be replaced by a different operational calibration.

Failure at any stage does not invalidate the established results — it limits how far inevitability
extends. This is the correct epistemic posture for a foundational programme.

11. What the Programme Does Not Attempt

For completeness, we state explicitly what lies outside the programme's current scope. The
framework does not derive quantum mechanics from the axioms (Axiom 2 assumes reversible
substrate dynamics consistent with unitarity). It does not determine the substrate (the axioms
constrain its properties but do not uniquely identify it). It does not predict the cosmological
constant (in Route A, A appears as an integration constant; in Route B, A_eff arises from the
volume constraint sector but its value is not determined). It does not resolve the measurement
problem, though it reframes it by identifying record commitment as the operational locus of
irreversibility. These are open problems O3—05 and beyond.

12. Conclusion

Whether this framework ultimately survives scrutiny depends on the resolution of the open
problems catalogued above and in the companion papers. The purpose of this note is to ensure
that scrutiny is applied to clearly stated propositions rather than implicit assumptions. Every
axiom is defended. Every closure is flagged. Every open problem has a defined scope. The line
between what is proven and what remains to be done is drawn in ink, not pencil.

11



Scope guardrail. The programme's "inevitability" claims are not metaphysical claims about all
conceivable worlds. They are structural claims within explicitly defined, empirically motivated
theory classes and infrared regularity conditions. Where closures are adopted, they are labelled
as such; where results are conditional, the hypotheses are enumerated. This note is intended to

make that boundary maximally explicit.
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