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The first quantum correction to gravity



§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 2 in the large-N limit gives a smooth

manifold M with Einstein’s field equations (APO6).

Quantum mechanics is the pre-state — the unbroken degrees of freedom, the Hilbert

space H, evolving unitarily between measurements (APQ9).

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 (§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.



Result 2. The correction has the form G.ff = G(1 + y £,°/L?), where 2,, 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 (R? RuvRpv, etc.)
appear in the effective geometry. The record algebra constructs geometry exclusively

through record accumulation (AP®6), which produces only the Einstein tensor with A.

Virtual records are the same algebraic objects as real records. Lovelock’s theorem in

D = 4 confirms that no alternative second-order geometry exists.

A formal proof that the virtual record sum inherits the algebra’s geometric

constraints at all loop orders is outstanding (see D7 in §10).



§2 — From Axioms to the Path Sum

You have seen gravity derived from records (AP®6). You have seen quantum
mechanics derived from the pre-state (AP®9). Now watch what happens when you let

them talk to each other.

The path sum — the mathematical 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 (APOG6).

Each record has a minimum action: A. Axiom B — the break has a minimum size. One

record = one € = one unit of action 2 (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

APQ9 derives three results this paper requires. (i) The Hilbert space H exists (APO9
§3).

The pre-state — the unbroken symmetry, the white space — has the structure of a

complex vector space with inner product.



(ii) Between record-writing events, the pre-state evolves unitarily: [{s(t)) = Ut)|[y(®)),
where U(t) = exp(-iHt/A) and H is the Hamiltonian derived from the axiom structure
(APQQ9 §7.3).

(iii) The Born rule P = [y|*> = Yy* = Light x Dark (APO9 §6) extracts probabilities from

the pre-state.

From (i) and (ii), the transition amplitude between any two states is the matrix

element of the evolution operator:

K(W_f, t_f | Y_i, t_i) = (Q_f | O(t_f - t_i) | P_i)

Not imported from quantum field theory. The definition of the matrix element of an
operator on the Hilbert space that AP®9 derives. Given H exists and U exists, K

exists.
2.3 — The path sum

The derivation requires one result from the Born rule: that the measurement
outcomes — the monoid states — form a complete basis for H. The Born rule’s

normalisation gives this directly.

If Z_m P(m|y) = 1 for all [{), then Z_m |m){m| = 1_H. Measurement outcomes
correspond to monoid states (APQ9 §5: each measurement writes a record to the

monoid).

So the monoid states resolve the identity on . Not an assumption. A theorem of the

Born rule and the measurement axiom.

Partition the time interval [t_i, t_f] into N steps of width At. Insert a complete set of

monoid states at each partition point:
K(fli) = Z_{m,} Z_{m;} ... Z_{m_{N-1}} [I{k=O}{N-1} (m{k+1}|0(At)|m_k)

where mgy =i, m_N = f, and each m_k runs over all monoid states. Exact for any N. Not

an approximation. An identity from the completeness of monoid states.



The product of matrix elements is the amplitude for a specific sequence of

intermediate states; the sum is over all such sequences.

In standard quantum field theory, the intermediate states form a continuum, N — oo,
and the result is the Feynman path integral — a functional integral over continuous

paths. Three axioms prevent this.

Axiom R: the monoid is countable. The intermediate states are monoid states, and
the monoid has no continuum structure. The sum over intermediate states at each

step is a sum over a countable set.

Axiom B: each record has minimum action A. Choose At such that at most one
record can be written per step: At = A/E_max, where E_max is the maximum energy in

the region.

What bounds E_max? Axiom B sets a minimum action per record (7)) and Axiom C

sets a maximum propagation speed (c).

The maximum energy of a single minimum record confined to a minimum spatial

extent £, is E_p = hc/8, = J(Ac®/G), the Planck energy.

Within any finite causal diamond of duration T and spatial extent L, the number of
records is bounded by the volume V/(2p3c-At) and the total energy by E_p x V/2,%,
both finite (Axioms B + C).

At this time resolution, each step either writes one record (monoid changes: m_{k+1}

= m_k - r) or writes none (monoid unchanged: m_{k+1} = m_k).

A finer partition does not add new physics, because sub-record processes do not

exist. The minimum action per record is Axiom B.

The number of steps is N = (t_f — t_i) x E_max / #, which is finite for any finite region

— a theorem of Axioms B + C, not an additional hypothesis.

Axiom C: propagation is bounded by c. The spatial volume accessible in time t is the
causal diamond, which has finite 4-volume V. Combined with Axiom B, the maximum

number of Planck cells is V/£,*.



The total number of admissible paths is bounded by the combinatorics of this finite

set.

Result: the transition amplitude is a finite sum over finite sequences of discrete

intermediate states.
K(fli) = Z_{paths} W(path)

where each path is a sequence of record-writing events (or non-events) at each time
step, W is the product of the corresponding matrix elements, 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 the completeness of monoid states (APQ9,
Born rule) constrained by the axioms (B, R, C). Nothing imported from quantum field

theory.
The discreteness and finiteness are consequences of the axioms, not choices.
2.4 — Virtual records

The path sum contains many intermediate sequences. Consider a path from monoid
state m_i to monoid state m_f. The path passes through intermediate states my, m,,

ey M_{N-1}.

Some steps involve record-writing: the monoid changes from m_k to m_{k+1} = m_k -

r_k for some record r_k.

If all such records appear in the final state m_f, they are committed records — real,

irreversible, permanent (Axiom R).

But the path sum includes all admissible intermediate sequences, not only those
whose records all appear in m_f. Some paths pass through intermediate states where
a record is considered — its effect on the amplitude is computed — but the record

does not appear in the final monoid state.



It is summed over. It contributes to the transition amplitude K. It does not contribute

to the final record.

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. Falls out of the path sum structure derived in §2.3. The path sum
includes all intermediate sequences. Some intermediate records are committed;

some are not. The latter are virtual. The distinction is structural.
You will see in §3 what they do to the geometry.

And here is why 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 M contains only committed records.

The Hilbert space H, through the path sum, considers all possibilities including the
virtual ones. The Born rule (APO®9 §6) extracts the probability from the full amplitude.

The amplitude includes the virtual records.
The monoid does not.
2.5 — The natural decomposition

The path sum decomposes naturally by counting the number of virtual records in

each path.

Let K, be the sum over all paths that contain zero virtual records — only committed
records that appear in the final state m_f. The classical amplitude: the direct

transition from m_i to m_f with no unconsidered possibilities.

Let K, be the sum over all paths that contain exactly one virtual record. Let K_n be

the sum over paths with exactly n virtual records. Then:

K(fli) = Ko + Ky + K3 + ... + K{N_max}



The series terminates. In a region of 4-volume V, the maximum number of virtual

records is V/2,* (Axioms B + C). So K_n = ® for n > V/2,*. The sum is finite.

Not perturbation theory imported from quantum field theory. A counting
decomposition on a finite sum. The terms are partitioned by a property — the number

of virtual records in each path.

At one loop, the dimensional uniqueness theorem (§3.4) establishes that K; is

suppressed relative to K, by a factor ~ £,%/L>.

For n > 1, dimensional analysis suggests each additional virtual record contributes an
additional factor of £,?/L?, but this requires the explicit combinatorics (Gap 1) and the

structural inheritance argument (D7).

At observation scales L > ¢, the series converges rapidly with K; dominant. At L ~
£, all terms contribute equally. The expansion parameter £,%/L* emerges from the

axiom-derived scales; it is not imposed.
2.6 — How virtual records affect measured geometry

Geometry is the accumulated record (AP®6). Exact and unmodified by anything in
this paper. The manifold, its curvature, the Einstein tensor — all are readings of the

monoid in the large-N limit.

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 (APO®9 §6) gives the probability of measuring a final state m_f:
P(m_f) = |[K(m_f | m_i)|?

The amplitude K includes contributions from virtual records (§2.3-§2.4). Different
virtual record configurations produce different amplitudes for different final states
m_f. The probability distribution over final geometries is shifted by the virtual record

contributions.

The effective gravitational coupling G_eff measured at observation scale L is:



(G_eff(L)) = T_{m_f} P(m_f) x G(m_f; L)

where G(m_f; L) is the gravitational coupling read from the accumulated record m_f at
scale L (AP®6), and P(m_f) includes virtual record contributions via K. The quantum

correction to G is:
S0G(L) = (G_eff)_full — (G_eff)_classical

where “classical” means K, only (no virtual records) and “full” means all K_n. At

leading order, the dominant correction comes from K; — one virtual record.

No semiclassical gravity invoked. No (T_pv) as a source term. No geometry treated as

a classical background with quantum perturbation.

The derivation uses: (i) geometry = record (AP®6, unmodified); (ii) the path sum
includes virtual records (§2.3, derived from axioms); (iii) the Born rule gives
probabilities (APO9 §6, unmodified); (iv) effective geometry = probability-weighted

geometry (definition).

The virtual record does not source geometry. It shifts the probability distribution over
geometries. The mechanism is axiom-derived. No new physics was imported.

Everything you needed was already in the path sum.



§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 the manifold M with spacetime volume V. The geometry of this

region is determined by the accumulated record.

The question: what is the leading correction to the measured geometry from virtual
records within this region? By §2.5, the K; contribution — the sum over paths with

exactly one virtual record.

The manifold is 4-dimensional (AP10: three spatial dimensions from {C, S, B}, one

temporal from R). Under EH, the discrete monoid admits faithful embedding into M.
The minimum record occupies a minimum spacetime volume: the Planck 4-volume.
£,* = (hG/c®)* = h®G?/c®

Not imposed. Follows from the axioms. # is the action-scale of one record (Axiom B).

G = 2x/m_g? is the gravitational coupling (AP®6 §5). c is the causal bound (Axiom C).

The Planck 4-volume is the spacetime volume occupied by one minimum record —
the intersection of the break’s quantum face (#) and gravitational face (G), bounded

by the propagation limit (c).
3.2 — The sum
The maximum number of Planck cells in the region is:

N_max =V /e,*
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Finite. Each record has minimum action # (Axiom B), which sets a minimum 4-
volume per record. The causal bound c (Axiom C) limits the spatial extent, so V is

bounded for any finite observation.
The monoid is countable (Axiom R), so the sum is over a discrete set.

The K; amplitude (§2.5) is the sum over all paths with exactly one virtual record. Each

such path places the virtual record at one Planck cell.

The K, amplitude is therefore the sum over all positions where a single virtual record

could be written:
Ki =2_k a(k)

where the sum runs over all Planck cells k in the region, and a(k) is the amplitude

contribution (matrix element) of the virtual record at cell k.
The Born rule acts on the total amplitude, not on individual terms (§3.3).
3.3 — The amplitude contribution

Each virtual record in the path sum (§2.3) contributes an amplitude. At Planck cell k,

the amplitude contribution from one virtual record is the matrix element:
a(k) = (m_k - r | U(At) | m_k)

A complex number — an amplitude, not a probability. It describes one record-writing

event: the monoid transitions from m_k to m_k - r.

The record r has: action A (Axiom B: minimum action per record, AP12 §1);
gravitational coupling G (APO6 §5: the coupling of one record to the geometry);
propagation bounded by ¢ (Axiom C).

These are the only scales that enter the matrix element, because it describes one

record interacting with geometry under the causal bound.

The K; amplitude (§2.5) is the sum of these contributions over all Planck cells in the

region:

Ll



K: = Z_k a(k)

The Born rule (APO®9 §6) acts on the full amplitude K = K, + K; + ... to give
probabilities: P(m_f) = |[K(m_f | m_i)|>.

The Born rule guarantees that each probability is well-defined and non-negative: P =
|W)? = YP* = Light x Dark.

The sum K; is over a finite set (Axioms B + C, §3.2), so it converges.

The exact value of each a(k) requires the explicit matrix elements of the record-

writing operator R (Gap 1in §10).
3.4 — The result: dimensional uniqueness

The leading correction to the measured geometry (§2.6) from one virtual record is
determined by K;. The functional form of the correction follows from a dimensional

uniqueness argument on the axiom-derived scales.
The exact numerical coefficient requires the explicit matrix elements (Gap 1in §10).

The correction §G/G is dimensionless. It arises from K; — one virtual record in the

path sum (§2.5) — which means it is first-order in f.

The axiom-derived dimensionful constants are 2 (Axiom B, AP12 §1), G (AP86 §5), c
(Axiom C), and A (Lovelock, APO6 §9). The observation scale L is the only external

parameter.

At sub-cosmological scales L «< A7'/?, the dimensionless combination AL? «< 1, so A-

dependent corrections are suppressed relative to the leading UV term.

The theorem below determines the leading correction in this regime; A-dependent
terms (cosmological-scale corrections) are subleading and catalogued in the Note

below.

Theorem (dimensional uniqueness at one loop). Given one-loop order — one

virtual record contribution, hence first order in 2 (K; sums over paths with exactly one

12



virtual record (§2.5), each record carries minimum action # (Axiom B, AP12 §1)) —

dimensional uniqueness fixes the leading relative correction.

Let §G/G = A’ G® ¢! L¢ be dimensionless. The dimensions [A] =M L2 T, [G] =M™ L3

T72,[c] =L T, [L] = L give three simultaneous constraints:
Mass:1-b=0 —->b="1

Time:-1-2b-d=0 >d=-3
Length:2+3b+d+e=0 —->e=-2

The unique solutionisb=1,d=-3,e =-2:

8G/G =y x hG/(c’L?) =y x £,%/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 — specifically, by
the matrix elements of the record-writing operator R (Gap 1) and the number of

distinct ways a virtual record at cell k couples to the geometry at neighbouring cells.

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.

The finiteness of K; (§3.2) guarantees that the one-loop amplitude contribution is
finite: the sum has at most N_max = V/{Zp4 terms (Axiom B), each amplitude
contribution a(k) is bounded (matrix elements of a unitary operator are bounded by 1),

and the sum is over a countable discrete set (Axiom R).

The coefficient y is the dimensionless combinatoric coefficient of the one-loop

correction and requires the explicit monoid coupling structure (Gap 1; KS-26).

Its finiteness is structurally motivated — finite sum of bounded terms — but the exact

value is not yet computed.

The effective gravitational coupling at observation scale L is:

13



G_eff(L) = G x (1 + vy £,%/L?)

The correction formula is finite for all formally positive L; within the architecture,

physical interpretation is assigned for L = £, (see §6).

At the Planck scale L = 2, the correction is of order unity — the quantum and
gravitational sectors are of equal weight. At any larger scale, the correction is

suppressed by (2,/L)>.

At laboratory scales L ~ 1 m, the correction is of order 1077°. Unmeasurable. But

finite.

That is the result. The quantum correction to gravity is not infinite. It is not zero. It is

£,%/L* — and the axioms forced that form with no freedom in the exponents.

Note on logarithmic corrections. The dimensional uniqueness argument
determines the power-law form £,%/L? but cannot exclude corrections of the form
£,%/L% x f(In(L/2,)), which are also dimensionless, first-order in #, and vanish as L —

oo,

Such logarithmic corrections arise in the standard effective field theory treatment
(Donoghue, 1994).

Whether the discrete path sum (§2.3) produces or excludes logarithmic running
depends on the detailed structure of the monoid matrix elements — a consequence
of Gap 1: when the explicit form of R is known, the presence or absence of

logarithmic corrections can be determined.

The power-law scaling £,%/L? is established; the possible logarithmic refinement is
open. Note on A-dependent corrections. The cosmological constant A (APO6 §9,

Lovelock) is also axiom-derived and dimensionful.

The dimensionless combination AL? allows additional first-order-in-A terms, such as

Y’ x hAGA/c? (a pure number independent of L).

At sub-cosmological scales L « A™'/?, these are subleading: AL? « 1implies the A-

dependent terms are suppressed relative to £,?/L>.

14



The dimensional uniqueness theorem gives the leading UV correction; the full A-

dependent structure is an IR question tied to the cosmological constant problem.

Cross-reference: Donoghue (1994, Physical Review D, 50, 3874-3888) derives the
same functional form G_eff ~ G(1 + const x 2,%/L?) using effective field theory

methods applied to general relativity.

The agreement provides independent confirmation of the power-law scaling through
a completely different calculational route. The contribution beyond Donoghue is the
structural finiteness argument (§4) and the axiom-level derivation of the path sum

(§2).
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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 Kkill 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 A (AP12 §1). You cannot write a record smaller

than h.
There is no sub-# physics. If you try to go smaller, there is nothing to go to.

In the one-loop sum: the sum has a maximum number of terms. The cells cannot be

subdivided below the Planck scale.

The ultraviolet divergence — the infinity that appears when you sum over arbitrarily

short distances — does not arise because there are no arbitrarily short distances.

The minimum record IS the Planck-scale cutoff, but it is not imposed by hand. It is

Axiom B.

Formally: the one-loop amplitude sum K; = X a(k) has at most V/l?p4 terms. Each
amplitude contribution a(k) is bounded by 1 (unitarity, §3.3), and the index set is

finite.

The one-loop amplitude is therefore finite. The induced correction scales as 2,%/L? by

the dimensional uniqueness theorem (§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.
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The cosmological constant A (exists by Lovelock, APO6 §9.3) sets a maximum causal
volume: the de Sitter horizon at r ~ {/(3/A). The one-loop sum does not extend beyond

this.

The infrared divergence — the infinity that appears when you integrate over arbitrarily

large volumes — does not arise because the manifold has a natural boundary.

Formally: V < VA = ¢*/(H?) where H? = Ac?/3. The number of terms in the sum is

bounded above by VA/£,*. 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.

The amplitude contribution of each virtual record is a matrix element of the unitary

evolution operator (§3.3), which is bounded.

The Born rule (AP®9 §6) acts on the total amplitude to give probabilities, providing

the unique probability measure consistent with the involution o (KS-5 CLOSED).

The path sum (derived in §2.3 from the completeness of monoid states) is a sum

over finite sequences of discrete record-writing events.

At one loop, the relevant sum is finite because the one-virtual-record index set is
finite (§3.2) and each amplitude 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 £ and P are related by the involution . The Born rule P = Y* =
Light x Dark (APQ®9 §6) gives the probability of each final state from the total

amplitude.

Both sectors must agree. The probability measure is fixed uniquely.
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Without Axiom S, the extraction of probabilities from the total amplitude would be
ambiguous — computed from which sector? With Axiom S, there is no ambiguity. The

probability is the product of both sectors: y*.

The 1:1 voting. The measure is canonical. You do not choose the measure. The

axioms choose it for you.
4.5 — Lovelock in D = 4: no counterterms
The deepest structural protection.

In standard approaches to quantum gravity, the divergences are not merely large
numbers — they are new operators. At one loop, the divergent terms are proportional

to R?, RuvRuv, and RuvpoRuvpo.

These are not in the original Einstein-Hilbert action. Each loop order generates new
terms. You need infinitely many counterterms. The theory is called non-

renormalisable.

In the record algebra, the protection has two layers. First, a structural layer: the
algebra constructs geometry as the accumulated record — the monoid in the large-N

limit.

APO6 derives that this construction yields exactly the Einstein field equations Guv +

Aguv.

Virtual records (§2.4) are the same algebraic objects as real records — they differ in

commitment status (summed over vs. written), not in structure.

The algebraic generator is the same, but the commitment status is not: committed
records write geometry directly, while virtual records shift the probability distribution

over final committed geometries (§2.6).

The geometry they contribute to must therefore be the same geometry that real

records produce.
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Second, a theorem layer: Lovelock's theorem (APO6 §9) states that on a 4-
dimensional manifold, the unique divergence-free symmetric 2-tensor that is at most

second-order in derivatives of the metric is Guv + Aguv.

AP10 derives N = 3 spatial dimensions from the four independent axioms, making D

= 4 unconditional. Lovelock is therefore unconditional.

Higher-order curvature terms (R? etc.) are fourth-order in derivatives. In standard
approaches, they appear in the effective action, generating higher-order field

equations that Lovelock does not directly constrain.

The record algebra avoids this because it does not construct an effective action — it
constructs geometry directly from records. Each record — real or virtual — contributes

to the Einstein tensor by construction (APO6).

Within the algebra’s geometric construction, higher-derivative terms cannot arise:

the algebra has no mechanism to generate them.

Lovelock’s theorem provides the mathematical confirmation: no alternative second-
order tensor exists in D = 4. A formal proof that the virtual record sum inherits these
geometric constraints — specifically, that summing over non-committed records
cannot generate higher-derivative contributions to an effective action — is

outstanding (see D7 in §10, Debts Owed).

The structural argument (virtual records are algebraically identical to real records) 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 singularity theorems show that singularities are generic — they
occur whenever matter satisfies reasonable energy conditions and gravity is purely

classical.

In the record algebra, infinite curvature means infinite record density. Infinite record
density means infinitely many records in a finite volume. But each record has

minimum volume 2,* (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 any tighter

than one per Planck cell.

What happens instead: as record density approaches the Planck density, the number
of available cells approaches saturation. The geometry approaches maximum

curvature. The eye approaches closing.

The loop (APO9 §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, KS-13 CLOSED), and the break restarts.

Defragmentation strips composition but preserves elements. The records survive.
Their ordering dissolves. 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. The loop is a structural consequence of the axiom: 1:1 + 1xg is the

beginning condition.
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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:
2, = J(hG/c®)

Not the collision of two independent theories. The meeting point of two faces of one

break:
h is the quantum face of the break (Axiom B: minimum action per record).

G = 2x/m_g? is the gravitational face of the break (APO6 §5: the holding limit and the

mass of g).
c is the propagation limit (Axiom C).

The Planck length is where the minimum record (#) and the curvature scale (G) meet,

bounded by the causal limit (c).

At this scale, one € writing one record in one unit of action produces one unit of
curvature. The quantum sector and the gravitational sector are of equal weight.

Neither dominates. Neither is perturbative.
They are one.

Above the Planck scale (L > £,): many records, smooth geometry, classical limit
(AP13). The gravitational sector dominates. The quantum corrections are suppressed

by (£,/L). The world you observe.

At the Planck scale (L ~ £,): the correction §G/G ~ v is 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.
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Below the Planck scale (L < £,): the question is ill-posed. There is no sub-£,

resolution. The minimum record is one «.

You cannot ask about geometry at scales smaller than one record, because geometry
IS the accumulated record. Below one record, there is no geometry. There is 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 (A, 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. Within the current derivation chain, 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 (§G/G ~ 1877°). 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: £,%/L You have heard it derived. You have seen it forced.
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§8 — Summary of Derivation

Axiom B — minimum record ¢, action-scale A, 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 derived from completeness of

monoid states (§2.3), Born rule gives canonical measure — well-defined sum.

Axiom S — involution ¢ = complex conjugation, P = {i{s, two sectors fix measure

uniquely — canonical measure.*

AP10 (N = 3 spatial) —» D = 4 — Lovelock’s theorem — Guv + Agpv 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.ff(L) = G(1 + y £,%/L?). Finite one-loop correction (conditional on EH). No
divergences at one loop. No counterterms within the algebra’s geometric

construction are argued structurally (formal proof for virtual sums outstanding; D7).
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§9 — Kill Switches

New Kill switches introduced by this paper:

KS-25 [LIVE — EMPIRICAL] — One-loop amplitude contribution and coefficient
finiteness. The one-loop correction depends on bounded amplitude contributions
a(k) for virtual records and a finite dimensionless coefficient y in the scaling law
8G/G = yR,*/L2.

If the explicit monoid matrix elements at one loop are ill-defined, unbounded, or
produce a divergent y, the correction formula fails. Here is the weapon: compute the
matrix elements. Status: LIVE — EMPIRICAL.

The dimensional uniqueness theorem (§3.4) fixes the functional form independently
of the explicit matrix elements. Bounded matrix elements of unitary evolution provide

a structural bound on a(k).

The exact coefficient requires the explicit matrix elements of R (Gap 1). If y = 0, the
correction vanishes at one loop, which strengthens the result (smaller correction) but

does not invalidate the architecture.

KS-26 [LIVE — HARD] — Monoid combinatorics at one loop. The dimensionless
constant y depends on the number of distinct ways a virtual record at cell  couples

to the geometry at neighbouring cells.

If y diverges with system size, finiteness fails. Here is the weapon: show the
divergence. Status: LIVE — HARD. Requires explicit construction of the monoid

coupling structure.

Scaling argument gives y ~ O(1), but rigorous computation remains open. The

principal remaining gap.

KS-27 [LIVE — EMPIRICAL] — Structural extension to higher loop orders

(formal inheritance outstanding; D7). If the one-loop scaling law fails to extend
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structurally to higher loop orders within the same monoid/Hilbert construction, the

all-orders finiteness claim fails.

Each additional loop is conjectured to add one factor of £,?/L? and the algebra’s
geometric construction (§4.5) is argued to exclude new operator types within the

algebra’s constraints (formal proof outstanding; D7).

But the combinatorics become more complex at each order. Here is the weapon: find

the two-loop divergence. Status: LIVE — EMPIRICAL.

If a two-loop calculation produces a divergence or a new operator type, the structural

argument is falsified.
Existing kill switches affected:

KS-21 — Commutation corrections at Planck scale. This paper confirms that

corrections at the Planck scale are of order unity (§G/G ~ y when L ~ £;).

The commutation relation [x; p] = ih (AP12 §4.2) may receive corrections of order
Y2,%/L2. KS-21 remains LIVE — EMPIRICAL. Untriggered.
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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 form of the record-writing operator R. The one-loop sum
requires the matrix elements (m,|R|m,). AP®9 derives the existence and properties

of measurements but does not give the operator in closed form.

Closing this gap would convert the scaling result G.ff = G(1 + y2,%/L?) into an exact

result with computed .

Gap 2: The measure on virtual records. PARTIALLY CLOSED. The Born rule
(APO9 §6) operates on the amplitude, not on the record. The amplitude is the sum

over all paths — committed and virtual.

Virtual records are already inside the amplitude when the Born rule acts; the Born
rule does not need to be extended to cover them. There is no separate “virtual

measure” to define.

What remains open is not whether the Born rule applies (it does, by construction), but
whether the path sum weights within the amplitude are well-defined for virtual

records in the gravitational sector.

The monoid is discrete (Axiom R) and the sum is finite (Axioms B + C), which

guarantees convergence.

But the specific coupling structure — how each virtual record contributes to the
amplitude — requires the matrix elements of R (see Gap 1). The measure existence is

established; the measure’s explicit form is open.

Gap 3: EH as a theorem (Open Problem 7). The entire derivation is conditional on
EH.

If the large-N convergence of the discrete monoid to a smooth manifold can be
proven, this paper’s results become unconditional.
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Until then, the finiteness theorem is: conditional on EH, the one-loop correction to G

is finite.

D7 — Virtual record sum and higher-derivative terms. §4.5 argues that the record
algebra cannot generate higher-order curvature terms (R? RuvRpv, etc.) because the
algebra constructs geometry directly from records, which by APO6 produce only the

Einstein tensor with A.
Lovelock’s theorem in D = 4 confirms that no alternative second-order tensor exists.

But a formal proof is needed: specifically, that the virtual record sum — the amplitude
sum over all non-committed records — inherits the algebra’s geometric constraints

and cannot generate higher-derivative contributions to an effective action.

The structural argument (virtual records are algebraically identical to real records) is
compelling but not yet a theorem. The principal debt owed for the all-orders

finiteness claim (structural conjecture, D7).

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 3 affects the status of the theorem. D7

affects the all-orders extension (structural conjecture).

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:
Geff(L)=Gx(1+vy EPZ/LZ)

where £, = J(hG/c®) is the Planck length, L is the observation scale, and vy 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) provides: D = 4, which activates Lovelock’s
theorem and — combined with the algebra’s geometric construction (§4.5) —
supports the structural exclusion of higher-order counterterms within the algebra’s

constraints (formal proof for virtual sums outstanding; D7).

The singularity is resolved by the loop (APO9 §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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Conditional on: EH (Embedding Hypothesis). All results become unconditional if

Open Problem 7 is closed.

Depends on: APO6 (Einstein’s field equations), APO9 (quantum mechanics, Born
rule, the loop), AP10 (N = 3 spatial dimensions, completeness), AP12 (uncertainty

principle, h), AP13 (decoherence, classical limit), AP20 (EH and QRA proven).

New kill switches: KS-25 (one-loop amplitude and coefficient finiteness), KS-26

(monoid combinatorics — HARD), KS-27 (higher-loop finiteness).

What is derived: Finite one-loop correction to G (functional form derived by
dimensional uniqueness; exact coefficient requires Gap 1; possible logarithmic and
A-dependent refinements open). Singularity resolution via the loop. Structural

finiteness at one loop.

All-orders finiteness is a structural extension of the one-loop result (formal proof

outstanding; D7).

No counterterms are structurally excluded within the algebra’s geometric
construction for committed-record geometry; inheritance by virtual-record sums
remains a formal debt (D7). Debts owed: D7 (virtual record sum and higher-derivative

terms).

Gaps open: Gap 1 (record-writing operator), Gap 2 (virtual measure explicit form),

Gap 3 (EH as theorem).

Inherited kill switches: All kill switches from Paper D propagate. AP20 kill switches
(KS-P.1 through KS-P.3) propagate via EH dependency. APO6 Kkill switches propagate

via Einstein equations dependency.
APQ9 Kkill switches propagate via quantum foundations dependency.

Dependents: Any downstream result requiring the quantum-gravitational interface.
Black hole thermodynamics. Planck-scale phenomenology. The cosmological

constant problem.

Open problems: None introduced beyond kill switches and debts above.
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