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Artist’s Note

What this paper does — and why.

This is Artist’s Proof 14 of The 420 Code, in Notebook IV (Forces and
Constants). The gauge programme (AP15, AP27, AP16, AP19) derived the
forces. AP24 identified every constant as one object. AP14 asks the question
that has resisted physics for a century: when the quantum sector fluctuates,
what happens to gravity? It derives the first quantum correction to the
gravitational coupling G — and shows it is finite, with the finiteness forced by
the four axioms rather than imposed by hand.

Gravity is the accumulated record — the monoid in the large-N limit gives a
smooth manifold with Einstein’s field equations (AP08). Quantum mechanics is
the pre-state — the unbroken degrees of freedom, the Hilbert space, evolving
unitarily between measurements (AP09). These are not two theories forced into
contact. They are one axiom read from two sides: the black curve of the eye and
the white space around it. AP14 lets them talk to each other and records what is
said.

Two results carry the paper. First: the quantum correction is a finite sum over
virtual records — finiteness is a theorem of {S, B, R, C}, with each axiom
contributing one structural reason (§4). Second: the correction has the form

G eff = G(1 + y ¢ P?/L?), where ¢ P is the Planck length, L the observation
scale, and y a dimensionless constant fixed in form (though not yet in value) by
the monoid structure. The exponents are locked by dimensional uniqueness;
there is no freedom in them.

What this paper is honest about not yet doing. The exact coefficient y requires
the explicit matrix elements of the record-writing operator (Gap 1). The all-
orders extension — that every higher loop adds one more factor of ¢ P%/1.2 and
generates no new operator types — is a structural conjecture, not yet a theorem
(debt D7). The one-loop result stands; the all-orders claim is argued, not proved.

Four kill switches are engaged. KS-25 (one-loop amplitude and coefficient
finiteness) and KS-27 (higher-loop finiteness) are LIVE — EMPIRICAL: compute
the matrix elements, or find a two-loop divergence. KS-26 (monoid
combinatorics) is LIVE — HARD: it is the principal remaining gap, the rigorous
computation of y. KS-21 (commutation corrections at the Planck scale) remains
LIVE — EMPIRICAL and is touched, not triggered, by this paper.



And the singularity. Standard general relativity predicts points of infinite
curvature. AP14 shows infinite record density in finite volume is impossible —
each record occupies one Planck cell (Axiom B), propagation is bounded (Axiom
C). At saturation the monoid defragments and the break restarts (AP09 §4.4:

closing IS opening). The singularity is resolved by topology, not by fiat. The eye
does not collapse. It blinks.

the420code.org
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Orientation

Where AP14 fits

AP14 sits inside Notebook IV (Forces and Constants), Volume @.4 of The 420
Code. Where AP15-AP19 derived the gauge structure and AP24 unified the
constants, AP14 addresses the quantum-gravitational interface — the place
every other programme in theoretical physics has found infinities. AP14’s claim
is that the infinities never arise, because the axioms supply a minimum record
size, a maximum propagation rate, a countable monoid, and a canonical
measure. The interface was never between strangers.

AP14 depends on the geometry of AP08, the quantum mechanics of AP09, the
dimension count of AP10, the uncertainty principle of AP12, and the
decoherence of AP13. It feeds black-hole thermodynamics, Planck-scale
phenomenology, and the cosmological constant problem downstream. Within
Notebook IV it pairs with AP28 (The Constant), which derives G’s value as a
counting argument; AP14 derives G’s first quantum correction.

Reading order within AP14

Front to back. Section 1 frames the problem. Section 2 builds the path sum
from the axioms and defines the virtual record. Section 3 derives the one-loop
correction and proves the dimensional-uniqueness theorem that locks the form
¢ P?/L2. Section 4 gives the five structural reasons for finiteness — one per
axiom, plus Lovelock. Sections 5-7 treat singularity resolution, the Planck scale,
and scale-invariance. Sections 8-11 summarise, list kill switches, catalogue the
open gaps, and close.

If you are reading for the result only, sections 2.3 (the path sum), 2.4 (virtual
records), and 3.4 (the dimensional-uniqueness theorem) are the spine. If you are
reading for the finiteness argument, section 4 is self-contained. If you are
reading for the honest status, sections 9 (kill switches) and 10 (gaps and debts)
carry it.

How to read this paper

The paper carries two voices. The structural derivation speaks directly — the
path sum, the virtual record, the dimensional theorem. The reflective passages
(the eye, the conversation between white space and black curve, the blink)



carry the metaphor stratum shared with AP15/AP16/AP19/AP24 and orient
rather than argue.

Two things to hold while reading. First: “virtual record” is a precise object — an
intermediate record-writing event in the path sum whose record does not
appear in the final monoid state (§2.4). It lives in the amplitude, not the monoid;
it does not violate Axiom R because it is never committed. Second: “finite” here
means the one-loop sum has a bounded number of bounded terms over a
countable set — the UV cutoff is Axiom B, the IR cutoff is Axiom C, neither
imposed by hand.

A note on notation

¢ P is the Planck length v(AG/c®). L is the observation scale (the external
parameter). y is the dimensionless one-loop combinatoric coefficient — of order
unity, form-fixed, value open (Gap 1, KS-26). f is the minimum action per record
(Axiom B, AP12). G = 2k/m_¢? is the gravitational coupling (AP08). c is the
causal bound (Axiom C). A is the cosmological constant (Lovelock, AP08 §9).

R (R-hat) is the record-writing operator; its explicit matrix elements are Gap 1.
K is the transition amplitude; Ko, K1, K n are the sub-sums by virtual-record
count (§2.5). £ is the minimum break (Axiom B), identified with the electron (The
Lock); m ¢ is its mass. EH is the Embedding Hypothesis, proved in AP20.



0 — Dependency and Scope

0.1 — What this paper does

AP14 derives the first quantum correction to the gravitational coupling G and
proves it finite at one loop. The derivation builds the path sum from the
completeness of monoid states (§2.3), identifies virtual records as intermediate
non-committed events (§2.4), shows how they shift the probability distribution
over geometries (§2.6), and proves by dimensional uniqueness that the leading
correction must take the form y ¢ P?/12 (§3.4).

What the paper produces. The path sum as a finite sum over discrete record-
writing events (§2.3). The virtual-record decomposition K = Ko + K1 + ... (§2.5).
The one-loop result G eff(L) = G(1 + y ¢ P?/L?) with exponents locked (§3.4).
Five structural reasons for finiteness, one per axiom plus Lovelock (§4).
Singularity resolution via the loop (§5).

What the paper does not produce. The exact value of y (requires Gap 1, the
explicit record-writing operator). A proof that the all-orders sum inherits the
geometric constraints and generates no higher-derivative operators (debt D7). A
standalone proof of EH (Gap 3 — though AP20 supplies it; see §0.2).

0.2 — Dependencies

Notebook I (Premise). The four axioms {S, B, R, C}, their independence carried
at AP20 §4.2 (fenced KS-P.2). The axiom 1:1 + 1Xxe& supplies the minimum break
€ with action-scale h.

APO8 (The Identity — Einstein Field Equations). Geometry is the accumulated
record; the monoid in the large-N limit gives G pv + Ag pv. G = 2k/m_¢2. Load-
bearing for §2.6, §3, §4.5.

AP09 (Quantum mechanics). The Hilbert space exists; unitary evolution
between records; the Born rule P = yy* = Light x Dark; the loop (§4.4: closing
IS opening). Load-bearing for the path sum and singularity resolution.

AP10 (N = 3 spatial dimensions). D = 4 unconditionally, which activates
Lovelock’s theorem. Load-bearing for §4.5.



AP12 (Uncertainty, f). The minimum action per record. Load-bearing for Axiom
B’s UV cutoff. AP13 (decoherence, the classical limit). The large-L regime where
corrections are suppressed.

AP20 (the bridge paper). EH and QRA are proved — not assumed. AP14 is
therefore unconditional on EH. [The source manuscript predated AP20 and still
frames EH as Open Problem 7 / Gap 3, wanting an explicit large-N convergence
theorem for the discrete monoid. The corpus position after AP20 is that EH
holds; Gap 3 is retained below only as the standing wish for a fully explicit
convergence construction, not as an open conditionality. See the note in §10.]

0.3 — Axiom mapping
Each axiom contributes one structural lock on finiteness.

Axiom B — the break. Minimum record size €, action-scale h. No sub-h
physics. Supplies the ultraviolet cutoff: the one-loop sum has at most V/¢ P
terms (§84.1).

Axiom C — propagation. Finite ¢ bounds the causal diamond; A sets a
maximum causal volume. Supplies the infrared cutoff: the sum does not extend
past the de Sitter horizon (§4.2).

Axiom R — records. The monoid is countable, with no inverses. The path sum
is a sum over a discrete set, not an integral over a continuum: no measure
problem (§4.3).

Axiom S — the two sectors. The involution o and the Born rule P = yy* fix
the probability measure uniquely — the 1:1 voting (§4.4).

0.4 — Epistemic status per section

§1 — The problem — FRAMING
§2.1-§2.2 — Records, propagator — DERIVED (AP09, AP12, Axiom R)

§2.3 — The path sum — DERIVED (completeness of monoid states + Axioms
B, C, R)

§2.4 — Virtual records — DERIVED (falls out of the path-sum structure)

§2.5 — Natural decomposition — DERIVED (counting decomposition on a
finite sum)



§2.6 — Virtual records and geometry — DERIVED (AP0O8 + Born rule, no
semiclassical input)

§3.4 — Dimensional-uniqueness theorem — DERIVED (form locked);
coefficient y OPEN (Gap 1)

§4.1-84.4 — Axiom finiteness reasons — DERIVED (one per axiom)

§4.5 — Lovelock, no counterterms — DERIVED for committed geometry;
virtual inheritance is DEBT D7

§5 — Singularity resolution — DERIVED (the loop, AP09 §4.4)

§6-87 — Planck scale, scale-invariance — STRUCTURAL CONSEQUENCE
§8 — Summary — EPISTEMIC SUMMARY

All-orders finiteness — STRUCTURAL CONJECTURE (debt D7)

0.5 — Kill switch summary

Four kill switches per the Master Kill Switch Registry. Three are introduced by
AP14 (KS-25, KS-26, KS-27); one (KS-21) is affected and confirmed-but-
untriggered.

KS-25 — One-loop amplitude and coefficient finiteness. If the explicit
monoid matrix elements at one loop are ill-defined, unbounded, or produce a
divergent y, the correction formula fails. Status: LIVE — EMPIRICAL.

KS-26 — Monoid combinatorics at one loop. If y diverges with system size,
finiteness fails. The principal remaining gap. Status: LIVE — HARD.

KS-27 — Higher-loop finiteness. If the one-loop scaling fails to extend to
higher loops within the same construction — a two-loop divergence or a new
operator type — the all-orders claim fails. Status: LIVE — EMPIRICAL.

KS-21 — Commutation corrections at the Planck scale. The commutator
[X, p] = ih may receive corrections of order y¢ P?/L2. Confirmed of order unity at
L ~ ¢ P; untriggered. Status: LIVE — EMPIRICAL.

0.6 — Structural debts owed

D7 — Virtual-record sum and higher-derivative terms. Section 4.5 argues the
record algebra cannot generate higher-order curvature terms (R?, R ppR™pv,
...) because it constructs geometry directly from records, which by AP08



produce only the Einstein tensor with A, and Lovelock in D = 4 confirms no
alternative second-order tensor exists. A formal proof that the virtual-record
sum inherits these constraints — that summing over non-committed records
cannot generate higher-derivative contributions to an effective action — is
outstanding. The one-loop result stands without it; the all-orders extension is a
structural conjecture until D7 is paid.

0.7 — Items held open without claiming debt status

Gap 1 — the explicit form of the record-writing operator R. The one-loop sum
requires its matrix elements; AP09 gives existence and properties but not the
closed form. Closing Gap 1 converts the scaling result into an exact vy.

Gap 2 — the measure on virtual records (PARTIALLY CLOSED). The Born rule
acts on the amplitude, which already contains the virtual records; there is no
separate virtual measure to define. What remains open is the explicit form of
the path-sum weights, which again reduces to Gap 1.

Logarithmic refinement. Dimensional uniqueness fixes the power-law ¢ P?/1.2
but cannot exclude corrections ¢ P?/L? x f(In(L/¢ P)). Whether the discrete path
sum produces or excludes logarithmic running depends on Gap 1. A-dependent
(cosmological-scale) corrections are an IR question tied to the cosmological
constant problem.

0.8 — Structural relationships

Upstream: AP0O8 (geometry as record), AP09 (quantum mechanics, Born rule,
the loop), AP10 (D = 4 -> Lovelock), AP12 (h), AP13 (classical limit), AP20 (EH
+ QRA proved). Independent confirmation of the power-law scaling comes from
Donoghue’s effective-field-theory treatment of general relativity (1994), reached
by a wholly different route; AP14’s contribution beyond it is the structural
finiteness argument and the axiom-level derivation of the path sum.

Downstream: any result needing the quantum-gravitational interface — black-
hole thermodynamics, Planck-scale phenomenology, the cosmological constant
problem. Within Notebook IV, AP14 pairs with AP28 (G’s value as a counting

argument).
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1 — The Problem

The gravitational sector and the quantum sector are both derived from {S, B, R,
C}. Gravity is the accumulated record — the monoid ¢ in the large-N limit gives
a smooth manifold M with Einstein’s field equations (AP08). Quantum
mechanics is the pre-state — the unbroken degrees of freedom, the Hilbert
space H, evolving unitarily between measurements (AP09).

These are two readings of the same structure. Gravity is the black curve of the
eye. Quantum mechanics is the white space. They are not separate theories
forced into contact. They are one axiom, read from two sides.

The question this paper answers: when the quantum sector fluctuates, what
happens to the gravitational sector? Specifically: what is the first correction to
the gravitational coupling G from quantum fluctuations of the pre-state?

In the language of the axioms: the accumulated record determines the
geometry. But the pre-state — the unwritten, the superposition — is also
present. It has structure. It fluctuates. Those fluctuations enter the path sum as
virtual records (§2.4), shifting the probability distribution over final geometries
(8§2.6). The measured geometry responds. The shift is the quantum correction to
gravity. And you are about to watch it emerge from four axioms.

Three results follow.

Result 1. The one-loop correction to G is a finite sum over virtual records.
Finiteness is a theorem of {S, B, R, C} conditional on EH (proved in AP20).

Result 2. The correction has the form G eff = G(1 + y ¢ P%/L2), where ¢ P is the
Planck length, L is the observation scale, and y is a dimensionless constant
determined by the monoid structure.

Structural conjecture (D7). No higher-order curvature terms appear in the
effective geometry. The record algebra constructs geometry exclusively through
record accumulation (AP08), which produces only the Einstein tensor with A.
Virtual records are the same algebraic objects as real records; Lovelock in D =
4 confirms no alternative second-order geometry exists. A formal proof that the
virtual-record sum inherits these constraints at all loop orders is outstanding
(D7, §10).
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2 — From Axioms to the Path Sum

You have seen gravity derived from records (AP08). You have seen quantum
mechanics derived from the pre-state (AP09). Now watch what happens when
you let them talk to each other. The path sum — the object that captures every
possible way the break could have unfolded — falls out of structures you already
have. No imports. No new axioms. Just the completeness of what the axioms
already built.

2.1 — What a record is

A record is one irreversible act of writing. Axiom R: the monoid (M, -) has no
non-identity inverses. Once a record is written, it is written. The accumulated
record is the environment (AP13 §2.1), the classical world (AP13 §4.1), the
curvature of spacetime (AP08).

Each record has a minimum action: h. Axiom B — the break has a minimum size.
One record = one € = one unit of action A (AP12 §1). You cannot write half a

record. You cannot write a tenth of a record. The record is discrete. The monoid
is countable. Every measurement you have ever made was one of these records.

2.2 — The propagator

APOQ9 derives three results this paper requires. (i) The Hilbert space # exists
(APO9 §3): the pre-state has the structure of a complex vector space with inner
product. (ii) Between record-writing events, the pre-state evolves unitarily: |
y(t)) = Ut)|w(0)), with U(t) = exp(—iHt/h) (AP09 §7.3). (iii) The Born rule P = |
y|? = yy* = Light x Dark (AP09 §6) extracts probabilities.

From (i) and (ii), the transition amplitude between any two states is the matrix
element of the evolution operator: K(y f, t f |y i, t i) = (y f| Ut f—t i) |y i).
Not imported from quantum field theory — the definition of a matrix element on
the Hilbert space AP09 derives. Given H exists and U exists, K exists.

12



2.3 — The path sum

The derivation requires one result from the Born rule: the measurement
outcomes — the monoid states — form a complete basis for #. The Born rule’s
normalisation gives this directly: if ¥ m P(m|y) = 1 for all |y), then £ m |m)(m]|
= 1. Each measurement writes a record to the monoid (AP09 §5), so the monoid
states resolve the identity. Not an assumption — a theorem of the Born rule and
the measurement axiom.

Partition the interval [t i, t f] into N steps of width At and insert a complete set
of monoid states at each partition point. The amplitude becomes a sum of
products of matrix elements over all sequences of intermediate states — exact
for any N, an identity from completeness, not an approximation.

In standard quantum field theory the intermediate states form a continuum, N -
o, and the result is the Feynman path integral. Three axioms prevent this.
Axiom R: the monoid is countable — the sum at each step is over a countable
set. Axiom B: each record has minimum action i — choose At = A/E_max so at
most one record is written per step; a finer partition adds no new physics
because sub-record processes do not exist. Axiom C: propagation is bounded by
c — the causal diamond has finite 4-volume, so the number of Planck cells is

V/t P

Result: the transition amplitude is a finite sum over finite sequences of discrete
intermediate states. K(f|i) = £ paths W(path), where each path is a sequence of
record-writing events (or non-events) and the sum has finitely many terms. If
you can count them, they are finite. The path sum. Not the path integral.
Derived from the Hilbert space (AP09) via completeness of monoid states,
constrained by Axioms B, R, C. Nothing imported.

2.4 — Virtual records

The path sum contains many intermediate sequences. Some steps involve
record-writing: the monoid changes from m k to m k - r k. If all such records
appear in the final state m f, they are committed — real, irreversible,
permanent (Axiom R). But the path sum includes all admissible intermediate
sequences, including those where a record is considered — its effect on the
amplitude computed — yet does not appear in m f.
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Definition. A virtual record is an intermediate record-writing event that
appears in the path sum but whose record does not appear in the final monoid
state m f. It is a record the structure considers but does not commit.

Not imposed — it falls out of the path-sum structure of §2.3. And it does not
violate Axiom R. Axiom R states: once a record IS written (committed to the
monoid), it cannot be erased. A virtual record is never committed. It exists in
the amplitude, not in the monoid. It lives in the white space, not on the black
curve. The monoid contains only committed records; the Hilbert space, through
the path sum, considers all possibilities including the virtual ones. The Born
rule extracts probability from the full amplitude. The amplitude includes the
virtual records. The monoid does not.

2.5 — The natural decomposition

The path sum decomposes by counting virtual records per path. Let Ko be the
sum over paths with zero virtual records — the classical amplitude. Let K n be
the sum over paths with exactly n virtual records. Then K(f|i) = Ko + K1 + Kz +
... + K {N max}.

The series terminates. In a region of 4-volume V, the maximum number of
virtual records is V/¢ P* (Axioms B + C), so K n = 0 for n > V/¢ P The sum is
finite. Not perturbation theory imported from quantum field theory — a
counting decomposition on a finite sum, partitioned by the number of virtual
records per path. At one loop the dimensional-uniqueness theorem (§3.4) shows
K. is suppressed relative to Ko by ¢ P?/L2. At observation scales L. > ¢ P the
series converges rapidly with Ki: dominant; at L. ~ ¢ P all terms contribute
equally. The expansion parameter emerges from axiom-derived scales — it is
not imposed.

2.6 — How virtual records affect measured geometry

Geometry is the accumulated record (AP08) — exact and unmodified by
anything in this paper. A virtual record, by definition (§2.4), does not appear in
the accumulated record. It does not directly alter geometry. What virtual
records alter is which geometry is realised.

The Born rule gives P(m f) = |[K(m f | m i)|?. The amplitude K includes virtual-
record contributions; different configurations produce different amplitudes for

14



different final states. The probability distribution over final geometries is
shifted. The effective coupling at scale L is (G eff(L)) = £ {m f} P(m f) x
G(m_f; L), and the quantum correction is 6G(L) = (G_eff) full — (G eff) classical,
where “classical” means Ko only. At leading order the dominant correction
comes from Ki: — one virtual record.

No semiclassical gravity is invoked. No (T pv) source term. No geometry
treated as a classical background with quantum perturbation. The derivation
uses only: geometry = record (AP08, unmodified); the path sum includes virtual
records (§2.3, derived); the Born rule gives probabilities (AP09, unmodified);
effective geometry = probability-weighted geometry (definition). The virtual
record does not source geometry. It shifts the distribution over geometries.
Everything you needed was already in the path sum.
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3 — The One-Loop Correction

The derivation narrows. Everything above built the path sum and identified
virtual records. Now: what is the leading correction? One virtual record. One
loop. And you will see the functional form is not a guess — it is the only form the
axioms allow.

3.1 — Setup

Consider a region of M with spacetime 4-volume V. The leading correction
comes from the Ki contribution — paths with exactly one virtual record (§2.5).
The manifold is 4-dimensional (AP10: three spatial from {C, S, B}, one temporal
from R). Under EH (proved in AP20), the discrete monoid embeds faithfully into
M. The minimum record occupies the Planck 4-volume ¢ P* = (hG/c3)?, the
intersection of the break’s quantum face (h) and gravitational face (G), bounded
by c. Not imposed — it follows from the axioms.

3.2 — The sum

The maximum number of Planck cells is N max = V/¢_P4, finite: Axiom B sets a
minimum 4-volume per record, Axiom C bounds the spatial extent, Axiom R
makes the set discrete. The Ki amplitude is the sum over all positions where a
single virtual record could be written: Ki = Z k a(k), where k runs over Planck
cells and a(k) is the amplitude contribution at cell k. The Born rule acts on the
total amplitude, not on individual terms.

3.3 — The amplitude contribution

At cell k, the contribution from one virtual record is the matrix element a(k) =
(m k - r | U(At) | m_k) — a complex number, an amplitude, describing one
record-writing event. The record r has action A (Axiom B), gravitational
coupling G (AP08), and propagation bounded by ¢ (Axiom C). These are the only
scales that enter, because the matrix element describes one record interacting
with geometry under the causal bound. The sum Ki = £ k a(k) is over a finite
set, so it converges. The exact value of each a(k) requires the explicit matrix
elements of R (Gap 1).
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3.4 — The result: dimensional uniqueness

The leading correction 6G/G is dimensionless and first-order in A (one virtual
record). The axiom-derived dimensionful constants are A (Axiom B), G (AP08), c
(Axiom C), and A (Lovelock, AP08 §9). The observation scale L is the only
external parameter. At sub-cosmological scales AL? < 1, so A-dependent
corrections are subleading.

Theorem (dimensional uniqueness at one loop). Let 6G/G = A G™b c™d
L”e be dimensionless. With [A] = M L2 T, [G] = M-t L3 T2, [c] =L T, [L] =
L, the three constraints give b =1, d = —3, e = —2 — a unique solution.

6G/G =y x hG/(c3L?) =y x ¢_P?/L?, where y is a dimensionless constant
determined by the monoid combinatorics.

The exponents are locked. You cannot change them without breaking the
dimensional analysis. The same logical structure as Lovelock’s theorem: given
the axiom-derived inputs, the functional form is unique up to one undetermined
constant. Lovelock leaves A undetermined; the one-loop theorem leaves y
undetermined. Finiteness of K1 (§3.2) guarantees the one-loop amplitude is
finite — at most V/¢_P* terms, each a(k) bounded by 1 (matrix elements of a
unitary operator), the sum over a countable set. y’s finiteness is structurally
motivated; its exact value requires the explicit monoid coupling (Gap 1; KS-26).

The effective gravitational coupling at scale L is G eff(L) = G x (1 + y ¢ P?/L2).
At the Planck scale L. = ¢ P the correction is of order unity — quantum and
gravitational sectors of equal weight. At laboratory scales L ~ 1 m the
correction is of order 10-7°. Unmeasurable. But finite. The quantum correction
to gravity is not infinite. It is not zero. It is ¢ P?/L.? — and the axioms forced that
form with no freedom in the exponents.

[Note on refinements. Dimensional uniqueness fixes the power-law but cannot
exclude logarithmic corrections ¢ P?/L? x f(In(L/¢ _P)), which arise in the
standard effective-field-theory treatment (Donoghue 1994); whether the
discrete path sum produces them depends on Gap 1. A-dependent corrections
are subleading at sub-cosmological scales and tied to the cosmological constant
problem. Donoghue’s independent route reaches the same G eff ~ G(1 + const
x ¢ P?/12); the contribution here is the structural finiteness argument and the
axiom-level derivation of the path sum.]
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4 — Finiteness: Five Structural Reasons

The finiteness of the one-loop correction is not accidental. It follows from the
axioms. Each axiom contributes one structural reason. Five reasons. Five locks.
And you hold the key to each one — because the kill switches are yours.

4.1 — Axiom B: ultraviolet finiteness

The break has a minimum size. € is the minimum viable splinter (Axiom B); the
action-scale of the minimum record is h (AP12 §1). There is no sub-h physics —
if you try to go smaller, there is nothing to go to. The cells cannot be subdivided
below the Planck scale. The ultraviolet divergence does not arise because there
are no arbitrarily short distances. The minimum record IS the Planck-scale
cutoff, not imposed by hand but by Axiom B. Formally: K: = ¥ k a(k) has at most
V/¢_P* terms, each bounded by 1 (unitarity), the index set finite. The one-loop
amplitude is finite; the induced correction scales as ¢ P?/L2 (§3.4).

4.2 — Axiom C: infrared finiteness

Propagation is bounded by c. The causal diamond of any observation has finite
volume; correlations cannot extend beyond the horizon. The cosmological
constant A (Lovelock, AP08 §9.3) sets a maximum causal volume — the de Sitter
horizon at r ~ V(3/A). The sum does not extend beyond it. The infrared
divergence does not arise because the manifold has a natural boundary.
Formally: V = V_A = c%/H? with H? = Ac?/3; the number of terms is bounded
above by V. A/¢ P*. Finite.

4.3 — Axiom R: discreteness

Records are irreversible and the monoid is countable. The sum over virtual
records is a sum over a countable set, not an integral over a continuum — there
is no measure problem. Each amplitude contribution is a matrix element of the
unitary evolution operator (§3.3), which is bounded. The Born rule acts on the
total amplitude to give probabilities, providing the unique measure consistent
with the involution o (AP09, the Born-rule measure). At one loop the relevant
sum is finite because the one-virtual-record index set is finite (§3.2) and each
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contribution is bounded; higher-loop convergence depends on the combinatorics
(KS-27; D7).

4.4 — Axiom S: the probability measure is well-
defined

The two sectors C and P are related by the involution 0. The Born rule P = yy*
= Light x Dark (AP09 §6) gives the probability of each final state from the total
amplitude. Both sectors must agree, so the measure is fixed uniquely. Without
Axiom S the extraction of probabilities would be ambiguous — computed from
which sector? With Axiom S there is no ambiguity: the probability is the product
of both sectors, yy*. The 1:1 voting. The measure is canonical. You do not
choose it; the axioms choose it for you.

4.5 — Lovelock in D = 4: no counterterms

The deepest structural protection. In standard quantum gravity the divergences
are not merely large numbers — they are new operators (R2, R pjpR™ v,

R pvpoR™pvpo) absent from the Einstein-Hilbert action. Each loop order
generates new terms; you need infinitely many counterterms; the theory is non-
renormalisable.

In the record algebra the protection has two layers. Structural: the algebra
constructs geometry as the accumulated record, and AP08 derives that this
yields exactly G pv + Ag pv. Virtual records are the same algebraic objects as
real records — they differ in commitment status (summed over vs. written), not
in structure. The geometry they contribute to must therefore be the same
geometry real records produce. Theorem layer: Lovelock’s theorem (AP08 §9)
states that on a 4-manifold the unique divergence-free symmetric 2-tensor at
most second-order in metric derivatives is G pv + Ag pv. AP10 derives N = 3
spatial dimensions, making D = 4 — and Lovelock — unconditional.

Higher-order curvature terms are fourth-order in derivatives. The record
algebra avoids them because it constructs geometry directly from records
rather than from an effective action: within its geometric construction, higher-
derivative terms have no mechanism to arise, and Lovelock confirms no
alternative second-order tensor exists in D = 4. A formal proof that the virtual-
record sum inherits these constraints — that summing over non-committed
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records cannot generate higher-derivative contributions to an effective action —
is outstanding (D7, §10). The structural argument is compelling but not yet a
theorem.

The counterterms are not renormalised away. They are structurally
absent within the algebra’s geometric construction (formal proof
outstanding; D7). Here is the weapon: find the counterterm. If the virtual-
record sum generates a higher-derivative operator, this argument collapses and
KS-27 fires.
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5 — Singularity Resolution

Standard general relativity predicts singularities: points of infinite curvature,
infinite density, zero volume. The Penrose-Hawking theorems show they are
generic whenever matter satisfies reasonable energy conditions and gravity is
purely classical.

In the record algebra, infinite curvature means infinite record density —
infinitely many records in a finite volume. But each record has minimum volume
{ P* (Axiom B) and finite propagation (Axiom C). Infinite record density in finite
volume is impossible. The monoid cannot be compressed below the Planck
density. You cannot squeeze the records tighter than one per Planck cell.

What happens instead: as record density approaches the Planck density, the
available cells approach saturation. The geometry approaches maximum
curvature. The eye approaches closing. The loop (AP09 §4.4): closing IS
opening. When all € are coupled, the 1:1 restores. k is exceeded. The break
begins again. The singularity is not a point of infinite density. It is the loop point
— where the monoid saturates, defragments (forgetful functor U: Mon - Set;
APO09 §4.4), and the break restarts. Defragmentation strips composition but
preserves elements: the records survive, their ordering dissolves, and the next
cycle starts from the full defragmented content of all prior cycles, carried as
probability and possibility.

The singularity is resolved by topology, not by fiat. The loop is not imposed
to avoid infinities. It is a structural consequence of the axiom: 1:1 + 1xeg is the
beginning condition. When conditions return to the beginning, the structure
begins again. The eye is the topology. The loop is the eye closing and opening.
The singularity is the hinge.
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6 — The Planck Scale: Where the Two Faces
Meet

The Planck length is ¢ P = v(hG/c3). Not the collision of two independent
theories — the meeting point of two faces of one break. h is the quantum face
(Axiom B: minimum action per record). G = 2k/m _¢€? is the gravitational face
(APO8 §5). c is the propagation limit (Axiom C). The Planck length is where the
minimum record (f) and the curvature scale (G) meet, bounded by c. At this
scale, one € writing one record in one unit of action produces one unit of
curvature. The quantum and gravitational sectors are of equal weight. Neither
dominates. Neither is perturbative. They are one.

Above the Planck scale (L > ¢ P): many records, smooth geometry, classical
limit (AP13). The gravitational sector dominates; quantum corrections
suppressed by (¢ P/L)2. The world you observe. At the Planck scale (L ~ ¢ P):
6G/G ~ v, of order unity. The pre-state and the record are equally present; the
geometry is not smooth; the monoid is sparse; the discrete structure is exposed.
Below the Planck scale (L < ¢ _P): the question is ill-posed. There is no sub-¢ P
resolution. Geometry IS the accumulated record; below one record there is no
geometry, only the pre-state — the white space, the 1:1.
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7 — Why the Algebra Does Not Break Down

The axioms are scale-invariant. {S, B, R, C} do not contain a scale. The scales
(h, c, G, m_¢g) are consequences of the axioms, not inputs. The same algebra
operates at every scale: two sectors, one break, irreversible records, finite
propagation. At quantum scales — superposition, measurement, uncertainty. At
atomic scales — spin, exclusion, shell structure. At stellar scales — curvature,
horizons, Hawking radiation. At cosmological scales — A, decoherence, the
classical limit.

There is no regime where the algebra breaks down because the algebra does
not depend on a regime. No new axiom is introduced at the Planck scale. The
same axiom covers all regimes. The Planck scale is not a wall. It is where the
two readings of the axiom — the quantum reading and the gravitational reading
— become equally loud. The one-loop correction is the quietest whisper of this
fact: at macroscopic scales the quantum reading is nearly silent (6G/G ~ 10-7°);
as you approach the Planck scale it becomes a conversation; at the Planck scale
both voices speak at equal volume. And now you know what that conversation
sounds like: ¢ P%/L2. You have heard it derived. You have seen it forced.
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8 — Summary of Derivation

Axiom B — minimum record g, action-scale h, discrete monoid — finite number
of virtual records per volume — UV finite.

Axiom C - finite propagation c, bounded causal diamond, A sets maximum
volume - IR finite.

Axiom R - monoid countable, no inverses; path sum from completeness of
monoid states (§2.3); Born rule gives canonical measure — well-defined sum.

Axiom S - involution o0 = complex conjugation, P = yy*, two sectors fix the
measure — canonical measure.

AP10 (N = 3 spatial) - D = 4 - Lovelock’s theorem - G pv + Ag pv is the
unique geometry — no higher-order counterterms (§4.5; formal proof
outstanding, D7).

APO9 §4.4 (the loop) — closing IS opening, defragmentation at saturation —
singularity resolved.

Result: G eff(L) = G(1 + y ¢ P?/L?). Finite one-loop correction. No divergences
at one loop. No counterterms within the algebra’s geometric construction for
committed-record geometry; inheritance by virtual-record sums remains a
formal debt (D7).
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9 — Kill Switches

Each kill switch in Claim / Test / Status / Recovery form. KS-25, KS-26, KS-27
are new; KS-21 is affected and untriggered. Identifiers per the Master Kill
Switch Registry.

KS-25 — One-loop amplitude and coefficient
finiteness

Claim. The one-loop correction depends on bounded amplitude contributions
a(k) for virtual records and a finite dimensionless coefficient y in 6G/G =

v{ P?/L2,

Test. Compute the explicit monoid matrix elements at one loop. If they are ill-

defined, unbounded, or produce a divergent y, the formula fails.

Status. LIVE — EMPIRICAL. The dimensional-uniqueness theorem (§3.4) fixes
the form independently of the matrix elements; bounded matrix elements of
unitary evolution bound a(k). The exact coefficient requires Gap 1.

Recovery. If y = 0, the correction vanishes at one loop — a smaller correction,
which strengthens rather than invalidates the architecture. If y diverges, see
KS-26.

KS-26 — Monoid combinatorics at one loop

Claim. The dimensionless constant y depends on the number of distinct ways a
virtual record at cell k couples to the geometry at neighbouring cells, and is
finite (of order unity).

Test. Construct the explicit monoid coupling structure and compute y. If y
diverges with system size, finiteness fails.

Status. LIVE — HARD. The scaling argument gives y ~ O(1), but rigorous
computation remains open. The principal remaining gap.

Recovery. If y diverges, the one-loop finiteness claim fails and the correction
formula must be re-derived. The path-sum architecture (§2) survives; the
finiteness conclusion does not.

KS-27 — Higher-loop finiteness
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Claim. The one-loop scaling extends structurally to higher loop orders within
the same monoid/Hilbert construction — each additional loop adds one factor of
¢ P%2/1? and generates no new operator type.

Test. Perform a two-loop calculation. If it produces a divergence or a new
operator type (a higher-derivative counterterm), the all-orders claim is falsified.
Here is the weapon: find the two-loop divergence.

Status. LIVE — EMPIRICAL. Each higher loop is conjectured to add one ¢ P2?/L2
factor and the geometric construction (84.5) is argued to exclude new
operators, but the combinatorics grow at each order and the formal inheritance
is outstanding (D7).

Recovery. If KS-27 fires, the one-loop result stands but the all-orders extension
fails. The corpus is unaffected beyond AP14’s all-orders claim.

KS-21 — Commutation corrections at the Planck
scale

Claim. The canonical commutator [X, p] = ih (AP12 §4.2) may receive
corrections of order y¢ P?/12.

Test. Measure or derive the commutator at scales approaching ¢ P. A deviation
from ih at the predicted order tests the claim.

Status. LIVE — EMPIRICAL. This paper confirms corrections are of order unity
at L ~ ¢ P (6G/G ~ y). Affected but untriggered.

Recovery. If the commutator correction is shown to differ in form from
y¢ P2/12, the link between the one-loop correction and the uncertainty principle
requires revision; the G _eff result itself is independent.
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10 — Open Gaps and Debts Owed

The structural argument for one-loop finiteness is complete. Three gaps remain
for the explicit calculation, and one debt is owed for the all-orders claim.

Gap 1 — the explicit record-writing operator R. The one-loop sum requires
the matrix elements (mz|R|m1). AP09 derives the existence and properties of
measurements but not the operator in closed form. Closing this gap converts

G eff = G(1 + y¢_P?/L?) into an exact result with computed vy.

Gap 2 — the measure on virtual records (PARTIALLY CLOSED). The Born
rule operates on the amplitude, which already contains the virtual records;
there is no separate virtual measure to define. What remains open is whether
the path-sum weights are well-defined for virtual records in the gravitational
sector — the monoid is discrete (Axiom R) and the sum finite (Axioms B + C),
guaranteeing convergence, but the specific coupling structure requires Gap 1.
Measure existence is established; its explicit form is open.

Gap 3 — EH as an explicit theorem (Open Problem 7). The source
manuscript framed the entire derivation as conditional on EH and wished for a
large-N convergence proof of the discrete monoid to a smooth manifold. AP20
proves EH and QRA, so AP14 is unconditional on EH in the current corpus. Gap
3 is retained here only as the standing wish for a fully explicit convergence
construction, not as an open conditionality.

D7 — virtual-record sum and higher-derivative terms. Section 4.5 argues
the record algebra cannot generate higher-order curvature terms. A formal
proof that the virtual-record sum inherits the algebra’s geometric constraints —
that summing over non-committed records cannot generate higher-derivative
contributions to an effective action — is owed. The principal debt for the all-
orders finiteness claim. Without it, the one-loop result stands but the all-orders
extension is a structural conjecture, not a proof.

Gap 1 affects the value of the correction. Gap 2 reduces to Gap 1. D7 affects the
all-orders extension. None affects the structure of the argument: B+ C + R+ S
+ Lovelock(N = 3+1) - finiteness.
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11 — Closing

The one-loop quantum correction to the gravitational coupling is G_eff(L) = G(1
+ y ¢ P?/L?), where ¢ P = V(hG/c?) is the Planck length, L is the observation
scale, and y is a dimensionless constant of order unity.

The correction is finite. Finite because four axioms provide: a minimum record
size (B) — no ultraviolet divergence; a maximum propagation rate (C) — no
infrared divergence; a discrete countable monoid (R) — a sum, not an integral; a
canonical probability measure (S) — a well-defined measure. And the dimension
theorem (AP10) gives D = 4, activating Lovelock and — with the algebra’s
geometric construction (§4.5) — supporting the structural exclusion of higher-
order counterterms (formal proof for virtual sums outstanding; D7).

The singularity is resolved by the loop (AP09 §4.4): at Planck density the monoid
saturates, defragments, and the break restarts. Closing IS opening. The eye
does not collapse. It blinks.

The quantum sector and the gravitational sector are not two theories. They are
one axiom, read from two sides. Their interaction is not a collision. It is a
conversation between the white space and the black curve. The correction is
finite because the conversation was never between strangers. And now you
have heard the first word of that conversation: a correction so small it whispers
— but so structurally necessary it cannot be silenced. The axiom speaks. The
algebra transcribes.
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Claim Summary

Section-by-section structural status, with epistemic-status labels.

§2.3 — The path sum. — A finite sum over discrete record-writing events, not
a path integral. DERIVED from completeness of monoid states + Axioms B, C,
R.

§2.4 — Virtual records. — Intermediate non-committed events in the
amplitude; do not violate Axiom R. DERIVED from the path-sum structure.

§3.4 — Dimensional uniqueness. — 6G/G = y ¢ P?/L2, exponents locked.
DERIVED (form); y OPEN (Gap 1).

§4 — Finiteness. — Five structural reasons, one per axiom plus Lovelock.
DERIVED at one loop.

§4.5 — No counterterms. — Higher-derivative operators structurally absent
for committed geometry. DERIVED; virtual-sum inheritance is DEBT D7.

§5 — Singularity resolution. — Resolved by the loop, not by fiat. DERIVED
(APO9 §4.4).

All-orders finiteness. — Each loop adds one ¢ P?/L?; no new operators.
STRUCTURAL CONJECTURE (D7).

§9 — Kill switches. — KS-25, KS-26 (HARD), KS-27; KS-21
affected/untriggered.

§10 — Status. — Gaps 1, 2 (partial), 3 (EH supplied by AP20); debt D7.
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Conditionality Footer

Dependencies

Notebook I (the axioms; independence at AP20 §4.2, fenced KS-P.2). AP08
(Einstein’s field equations, geometry as record). AP09 (quantum mechanics,
Born rule, the loop). AP10 (N = 3 spatial = D = 4 - Lovelock). AP12 (h). AP13
(decoherence, classical limit). AP20 (EH + QRA proved). AP14 is unconditional
on EH.

Dependents

Any downstream result requiring the quantum-gravitational interface: black-
hole thermodynamics, Planck-scale phenomenology, the cosmological constant
problem. Within Notebook IV, AP28 (G’s value as a counting argument).

Kill switches engaged

KS-25 (one-loop amplitude/coefficient finiteness, LIVE — EMPIRICAL). KS-26
(monoid combinatorics, LIVE — HARD). KS-27 (higher-loop finiteness, LIVE —
EMPIRICAL). KS-21 (commutation corrections, LIVE — EMPIRICAL,
affected/untriggered).

Structural debts owed

D7 — virtual-record sum and higher-derivative terms. The principal debt for the
all-orders finiteness claim. The one-loop result stands without it.

Items held open without claiming debt status

Gap 1 (explicit record-writing operator R — fixes y). Gap 2 (explicit form of the
virtual measure — reduces to Gap 1). Gap 3 (EH as an explicit large-N
convergence theorem — EH itself supplied by AP20). Logarithmic and A-
dependent refinements of the correction.
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Notation Reference

All symbols used in AP14, with structural source and disambiguation.
{S, B, R, C} — The four axioms of Notebook I. Independent (AP20 §4.2,
fenced KS-P.2).

€ — The minimum break (Axiom B), identified with the electron (The Lock).
One record = one £ = one unit of action A.

m_g — The mass of € (the electron). Appears in G = 2k/m _&2.
h — The minimum action per record (Axiom B, AP12). The quantum face of the
break.

G — The gravitational coupling, G = 2k/m_&2? (AP08). The gravitational face of
the break.

¢ — The causal bound (Axiom C). The propagation limit.

A — The cosmological constant (Lovelock, AP08 §9). Sets the maximum causal
volume.

¢ P — The Planck length V(hG/c3). ¢ P*is the Planck 4-volume — the spacetime
occupied by one minimum record.

L. — The observation scale. The only external parameter in the correction
formula.
vy — The dimensionless one-loop combinatoric coefficient. Of order unity, form-

fixed by dimensional uniqueness, value open (Gap 1; KS-26).

M, (M, ) — The monoid of records (Axiom R). Countable, with no non-identity
inverses.

M — The spacetime manifold — the monoid in the large-N limit (AP08).

H (Hilbert) — The complex Hilbert space of the pre-state (AP09). Context
distinguishes from h the action quantum.

U(@) — The unitary evolution operator exp(—iHt/h) between record events
(AP09).

R — The record-writing operator. Its explicit matrix elements are Gap 1.

K, Ko, K1, K n — The transition amplitude and its sub-sums by virtual-record
count (§2.5). Ko classical, Ki1 one-loop.
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a(k) — The amplitude contribution of a virtual record at Planck cell k.
Bounded by 1 (unitarity).

o — The involution relating the two sectors € and P (Axiom S). 0 = complex
conjugation in the Born rule.

P = yy* — The Born rule (AP09 §6). P = Light x Dark. The canonical
probability measure.

K — The holding limit (The Lock). Appears in G = 2k/m_¢&2. Determined by
AP28’s channel count: 2k = o« em?* x (1 + 1/m) X hc, so the holding-limit form
and AP28’s channel-count form are one equation for G.

EH — The Embedding Hypothesis: the discrete monoid embeds faithfully into
the smooth manifold. Proved in AP20.

QRA — Quantum-Record Alignment. Proved in AP20.

AP20 84 — Carries the completeness (KS-P.1) and minimality (KS-P.2) of {S,
B, R, C} as fenced obligations. The independence of the axioms — no one
derivable from the others — is the minimality leg.

Donoghue (1994) — Effective-field-theory treatment of general relativity
reaching G _eff ~ G(1 + const x ¢ P?/L?) by an independent route. Cross-
confirmation of the power-law scaling.
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