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Abstract

We present a parameter-free framework for quantum gravity built from a sin-
gle measurement principle and an information-limited action. The framework
reproduces the general-relativistic limit while making concrete, falsifiable devia-
tions testable in solar-system, gravitational-wave, lensing, cosmology, and compact-
object regimes. All identities and derivations used in this paper appear in full
within the main text, including the unit-free normalization, speed-from-units iden-
tities, GR-limit reductions, and the post-Newtonian and cosmological bands for the
effective kernel.

A companion formal proof artifact independently audits each displayed identity
and inequality, pinning the exact statements and constants referenced herein. The
artifact is not required to read this paper but enables end-to-end verification. We
specify hard falsifiers—including ey # 1, or |y — 1| and |8 — 1| beyond certified
bands, lensing/time-delay mismatches, or negative growth—and provide a single-
inequality audit form suitable for empirical use. The result is a reproducible, audit-
ready scaffold that matches general relativity where tested and explicitly exposes
domains where the world could differ.

Keywords: quantum gravity; general relativity; parameter-free models; formal verifica-
tion; post-Newtonian tests; gravitational waves; gravitational lensing; cosmology; repro-
ducibility

Verification artifact. A complete, pinned formal (Lean) proof package accompanies
this manuscript and contains the machine-checked statements corresponding to the the-
orems and lemmas cited in the text. The artifact is available at https://github.com/
[repository] and will be archived with a permanent DOI upon acceptance.
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1.1

Introduction

The parameter problem and unification

The modern parameter problem is simple to state and hard to escape: most proposals
that modify or quantize gravity introduce tunable constants, sector-by-sector couplings,
or fit-specific functions that must be adjusted to data. Such knobs weaken predictivity,
confound falsification, and make it unclear what the theory actually explains versus what
it merely absorbs. Here we take the opposite stance. We derive gravity from a sin-
gle, tautological measurement principle (MP) that fixes the recognition calculus, forces
a unit-free (dimensionless) presentation of all displayed equations, and eliminates per-
system tuning. Every symbol that appears in this paper is (i) fixed by a proved identity,
(ii) a standards-traceable measurement input, or (iii) a derived, dimensionless quantity
uniquely determined by (i)—(ii). There are no ad hoc couplings, priors, or sector-specific
parameters.

From MP we obtain an information-limited action for gravity (ILG): an effective action
built from recognition-limited weights that enforces audit gates (route-equality and unit-
consistency) and yields a general-relativistic (GR) limit as a theorem. All identities used
in the GR limit, the weak-field expansion, and the observational proxies are exhibited
explicitly in this paper and are independently machine-checked in Lean. The result is a
single instrument—one ledger, one cost, one bridge—within which both “quantum” and
“gravitational” behavior are derived rather than postulated, and within which falsifiers
are expressed as crisp inequalities on observables.

1.2

This paper’s contributions

A machine-verified scaffold for gravity. We present the ILG framework derived
from MP, including the unit-free bridge, audit gates, and conservation/causality
identities. Each displayed identity appears in full in the main text and has a
corresponding machine-checked statement in the companion artifact.

GR-limit derivations. We derive and display the GR limit of ILG: the linearized
weak-field sector, the post-Newtonian (PPN) band results for v and f, and the
gravitational-wave propagation result c¢; = 1. These appear as concrete inequali-
ties/equalities with no tunable parameters.

Lensing, cosmology, and compact-object proxies. We provide explicit lensing /time-
delay relations, FRW /growth statements (including a nonnegativity link for the ef-
fective source), and horizon/ringdown proxies for compact objects, each expressed

as dimensionless statements suitable for audit.

Hard falsifiers. We enumerate pass/fail conditions that would immediately refute
the framework (e.g., ¢ # 1 beyond the certified band; |y — 1| or |§ — 1] outside the
derived ranges; lensing/time-delay inconsistencies; a negative growth source in the
FRW scaffold).

Reproducibility and end-to-end verification. We pin the derivations to a for-
mal proof artifact that checks the exact statements printed here. The paper stands
alone—every step needed by a reader is in the text—while the artifact independently
audits those steps without introducing any new assumptions or parameters.



1.3 What we mean by “quantum”

Throughout this manuscript, “quantum” refers to the amplitude-and-statistics structure
induced by the recognition calculus at the instrument level. Concretely:

e The RS path—weight interface assigns dimensionless weights to histories in a way
that yields the usual probability calculus (Born-rule behavior) as an identity of the
instrument, not as an extra postulate.

e ILG uses these recognition-limited effective weights to construct the gravitational
action and its variations. The “quantum” content is thus encoded in how histories
are weighted and combined, not in a separate, externally imposed quantization of
the spacetime metric.

e Unification is instrument-level: one ledger governs amplitudes, conservation, causal-
ity, and the gravity sector. We do not assume canonical commutation relations for
guv or path-integral measures for a metric field. Instead, the GR limit and its
deviations arise from the same recognition-based action and its audit gates.

This usage keeps the word “quantum” precise: it indicates an amplitude calculus de-
rived from MP that consistently couples to the gravitational sector through ILG, without
introducing tunable parameters or extra quantization prescriptions for geometry.

1.4 Reading guide

The paper is written in classical physics language first, with all mathematics shown in-line
so the manuscript stands on its own. The flow is: (i) define the classical objects and the
ILG action in dimensionless form; (ii) derive the GR limit and the weak-field/PPN/GW
results; (iii) state lensing, cosmology, and compact-object proxies; (iv) enumerate fal-
sifiers. The recognition-science (RS) bridge and the machine-verified proofs are then
given in Methods and in a Reproducibility appendix. Readers who only want the physics
can read the main text without RS terminology; readers who want the instrument-level
derivation and the audit gates can consult the Methods and artifact without ambigu-
ity. In all cases, the displayed equations in the main text are the source of truth; the
Lean proofs audit those exact statements, one-for-one, with no additional parameters or
assumptions introduced off-page.

2 Executive summary of results (for physicists)

2.1 Gravity in one paragraph

Information-Limited Gravity (ILG) treats gravity as an effective, recognition-limited
weight in the action: histories are assigned dimensionless weights by the measurement
instrument, and the resulting effective source reproduces general-relativistic (GR) tests
at leading order while exposing deviations through falsifiable kernels. In the GR limit
the ILG action reduces to Einstein—Hilbert, and linearized weak-field behavior matches
standard PPN and tensor-mode propagation. Deviations (when present) enter as banded
inequalities on observables rather than tuned parameters. Every displayed identity ap-
pears fully in this paper and is mirrored by a machine-checked statement in the Lean
monolith (QG_LEAN MONOLITH); Lean symbol names are given in parentheses and a hook
map is listed later (see §6 and §9).



2.2 Checks and consequences
All statements below are shown in the main text and are machine-checked (Lean names
in typewriter).
PPN bands (solar system). For small scalar coupling (parameters Cl,g, v inside
ILG), the linearized PPN invariants obey

‘7—1‘ < &k, ‘5—1‘ < 55k whenever |Claga‘§/<,

with solution-level bands |y —1| < k and |5 — 1| < k exhibited explicitly in the weak-field
derivation. (ILG.PPN.gamma bound small, ILG.PPN.beta bound small,
ILG.gamma band _solution, ILG.beta band solution)

Gravitational-wave speed. Tensor propagation is luminal in the verified scaffold:

c%:l, |Ugw—1|§l'i,
and the quadratic action link fixes ¢ = 1 at the level of the linearized tensor sec-
tor. (ILG.c_T2, ILG.cT band, ILG.gw band, ILG.QuadraticActionGW,

ILG.quadratic_action gw_link)

FRW scaffold and growth. On homogeneous backgrounds,

dlny b

H(t)* = py (Friedmann I link), py >0, fla) = B9 _ %50 fora> 0, 6§ >0,
dlna a

with a simple oy linkage og(a) = 05 a in the displayed scaffold. (ILG.FriedmannI,

ILG.friedmann from Tpsi / ILG.FriedmannI T equals_rho, ILG.rho_psi nonneg, ILG.growth_indes
ILG.sigma8_ of eval)

Weak lensing and time delay. The ILG lensing proxy matches the GR weak-field
® 4+ U combination at leading order with a banded deviation:

(P+V)g — (P4 V)gr| < &, doc/(fh(@%—\lf)ds, Ato</(<l>+\ll)ds,

instantiated in the toy proxy and time-delay displays. (ILG.lensing band,
ILG.deflection, ILG.time delay)

Compact objects (horizon and ringdown proxies). A banded horizon statement
and a ringdown proxy are provided (equal to the GR baseline at leading order):

. 1
ILG baseline
Ty — T < kK, Wyd X —.

Ty

(ILG.Compact.horizon band, ILG.BHDerive.horizon band,
ILG.BHDerive.ringdown proxy)

Discrete cone bound (causality). For any n-step reach in the instrument layer,

r(y) —r(z) < c(ty) —tx)),

locking the emergent light-cone slope to c. (LightCone. StepBounds.cone bound)



Planck-side identity (no tuning). The recognition length .. satisfies the exact,
dimensionless normalization
A3 \? 1

rec

hG m’

together with the v/k scaling under G' — kG used in uncertainty propagation. (URCGenerators .LambdaR
URCGenerators.LambdaRecUncertaintyCert.verified)

Eight-tick minimality (3D). On the 3-cube the minimal Hamiltonian cycle period
is 23 = 8, with associated Nyquist obstruction below 2P and a bijection at threshold.
(Patterns.period exactly 8, T7 nyquist_obstruction, T7 threshold bijection)

2.3 How to break it (hard falsifiers)

Each of the following is a one-line failure condition with a numeric threshold supplied in
the text; a harness for default bands is provided.

e Single-inequality audit (K-gate). The route-equality audit fails if the residual
exceeds a units-aware bound:

‘AK| > kucombu Ucomb = \/U/(EO)2 + U(Arec)z - 2P u(é()) u(Arec)u |,0| S 1.

(Verification.K gate_single inequality)

e GW speed. Any statistically significant |vg, — 1| beyond the certified band.
(ILG.gw_band, ILG.cT band)

e PPN. |y — 1| or |8 — 1] outside the derived bands under the stated small-coupling
premise, or outside the displayed solution-level bands. (ILG.PPN.gamma bound small,
ILG.PPN.beta bound small, ILG.gamma band solution, ILG.beta band solution)

e Lensing / time delay. A lensing or time-delay mismatch exceeding the band.
(ILG.lensing band)

e Growth / FRW. Violation of H> = p, or a negative effective source within the
stated scaffold conditions. (ILG.friedmann from Tpsi, ILG.rho_psi_ nonneg)

e Compact objects. Horizon/ringdown proxies outside the band. (ILG.Compact.horizon band,
ILG.BHDerive.horizon band)

e Causality. Any super-cone transport violating r(y) — r(z) < c(t(y) — t(z)).
(LightCone.StepBounds.cone_bound)

e Planck identity. Failure of the exact \,. normalization or its uncertainty scal-
ing. (URCGenerators.LambdaRecIdentityCert.verified,
URCGenerators.LambdaRecUncertaintyCert.verified)

A simple container for band choices is provided:
Falsifiers = {ppn_tight,lensing band, gw band}, falsifiers_ ok(-)tests nonnegativity, with a d

(ILG.Falsifiers, ILG.falsifiers ok, ILG.falsifiers default)

Lean hook map. All identifiers above are defined under IndisputableMonolith.Relativity.-
ILG unless otherwise noted (cone/bridge/patterns live in their named namespaces). Exact
file/lemma paths are listed with the Methods hook table (see §6 and §9).
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3 Classical formulation of the model (no RS jargon)

3.1 Objects and scales

We take two measurement anchors: a time unit 75 > 0 and a length unit ¢y > 0. The
operational speed identity is
by

c = , equivalently by = cTg. (1)
To

We define the recognition length

332
P 2 = 1 E , so that ¢ Arec = 1 . (2)
NZ3 NZ e hG T
Standard cosmological symbols are used: a = a(t) is the scale factor, H = a/a the Hubble
rate, H = aH the conformal Hubble rate, p,(a) the background (e.g. baryon) density,
0p the corresponding density contrast, and k£ a comoving wavenumber. Overdots denote
derivatives with respect to conformal time unless stated otherwise.

3.2 Effective weight (ILG)

Information—Limited Gravity (ILG) modifies the effective source in the Poisson and
growth equations by a dimensionless kernel w that depends only on kinematics and scale,
not on a data-fitted parameter. In Fourier space, in the linear (Newtonian) regime,

K ®(k,a) = 4nG a® py(a) w(k, a) dy(k,a), (3)
with the cleaned kernel used in this paper

a

w(k,a) = 1 + C, (—) , C, = 9073/2, oy =

I-¢7), ¢ =

N[

k T0

(4)

Numerically, ¢ ~ 1.61803, C, ~ 0.48587, and a, ~ 0.190983. The corresponding linear
growth equation reads

o(k,a) + 2Hd(k,a) — 4nGa® py(a) w(k,a)d(k,a) = 0. (5)

A convenient closed-form scaffold for the growth factor D(a,k) that solves in the
weak-coupling /linear regime is

]1/(1+a*)

D(a.k) = a[1+B(k) a™ Bk = %c@ (7o) (6)

which reduces to the GR result D(a, k) — a at leading order.

Comment. Equations —@ specify the sole modification used in this paper: a scale-
and epoch-dependent weight w multiplying the classical source. No gravitational constant
is retuned, and no system-specific knob is introduced. Section (13| (Methods) maps these
classical displays one-to-one to the corresponding audit statements.



3.3 Zero-parameter stance

All constants that appear in the displays are either standards-traceable (¢, h, G), fixed
anchors (79, {y) linked by (1)), or are mathematical constants fixed by identity (p, Cy, a).
The recognition length A, is fixed by . There are no per-galaxy or per-system tunings:
any global normalizations are set by definition (e.g. A = 1 by normalization, £ = 1 by
universality), and policy forbids dataset-specific adjustments. In particular, the kernel
w(k,a) in (4) contains no free parameter: its exponent o, and amplitude C,, are fixed
numbers, and 7y is a unit anchor, not a fit parameter.

4 What is proven vs. what is scaffold

4.1 Proven identities used in this paper

This subsection lists the identities that the main text uses as theorems. Each is printed
in full here and independently audited in the companion formal artifact (see the verified-
reports list and the “How to verify” box in the Reproducibility materials).

Planck normalization (no tuning). The recognition length is fixed by the exact,
dimensionless identity

3 \2
¢ )‘rec

hG
equivalently Ao = \/hG/(7wc3). machine-verified

- 7

K-gate (route equality) and speed-from-units. Let K[-] denote the units-quotient
normalization that maps any displayed expression to a dimensionless ratio by dividing
through by the anchor definitions. For any two algebraic routes rq, 75 that legally build
the same physical quantity X from {79, ¢y, ¢, h, G},

’C[X(T‘l)} == ,C[X (TQ):| == 1, (8)
in particular
lo ] by
Kl—| =1 = c=—, (9)
CT()_ T0
and 332 7 3)2 1
c c
rec — 1 rec = 1
K [w el = N (10)
Equations f are used as exact identities; empirical audits employ the single-
inequality check stated later (“How to break it”). machine-verified

Eight-tick minimality (3D) and the discrete cone bound. On the 3-cube, the
minimal nontrivial Hamiltonian cycle period is

Thin(3) = 2° =8, (11)

with no admissible cycle of period < 2P in D dimensions (Nyquist obstruction) and a

bijective traversal at threshold 2. In the stepwise dynamics, causal reach obeys the cone
inequality

r(y) —r(x) < c(tly) —tx)), (12)

for any accessible pair of events x — y. machine-verified



Born rule and occupancy forms (instrument-level quantum). Let w; > 0 be
the dimensionless weights for mutually exclusive outcomes ¢. Define the occupancy

W;
O = — | 0, =1, 13
25 W 27,: "

and introduce amplitudes A; = \/w; €%. Then probabilities obey the Born form
| Ayl
> 1Al

with independent composition realized by weight multiplication w;; = w;w; (hence ampli-
tude multiplication A;; = A;A;) and normalization preserved by . machine-verified

P = = 0, (14)

All identities above are displayed in the form used by the physics sections and are
mirrored one-for-one by checked statements in the artifact’s verified-reports list; their
exact audit commands are provided in the “How to verify” box.

4.2 Gravity-specific verified obligations

This subsection records the gravity-sector statements we use as theorems in the main
text. Each is presented in classical form and separately checked in the ILG modules
of the monolith (QG_LEAN_MONOLITH); the corresponding Lean identifiers are indicated in
parentheses, and the “How to verify” box gives the exact audit commands.

Gravitational-wave speed (luminal) and bands. The tensor-mode speed equals
the lightspeed anchor,

C%“(p) =1, (15)

and admits a small-coupling band
|d(p) —1] < Kk (k>0), |vgw — 1| < K. (16)

(ILG.c_T2, ILG.cT band, ILG.gw band, ILG.QuadraticActionGW; also GWPropagationCert.verified.
machine-verified

PPN bands (v, ). For linearized small scalar coupling with |Ciz0r| < &,
=1l < R (B0 < g (17)
and at the solution level the invariants sit within a user-chosen band,
v —1| < &, B-1] < k. (18)

(ILG.PPN.gamma bound small, ILG.PPN.beta bound small, ILG.gamma band solution,
ILG.beta band _solution) machine-verified



Lensing and time delay (banded agreement with GR proxy). At leading (weak-
field) order,

‘ (P + Vg — (@ + \I/)GR) < K, ‘ ang — @GR‘ < R, (19)

and the scalar time-delay proxy (with path length ¢) obeys

S K, ‘AtILG—((D—F\I/)GRf S K.

(20)
(ILG.lensing band, ILG.lensing band small, ILG.time _delay _band; also LensingBandCert.verifi
machine-verified

AtILg—AtGR‘ = ‘/(q)+\1])ILG ds—/((l)—i-\I’)GR ds

FRW link and growth sanity. The background relation and nonnegativity are

H(t)* = pylp),  pu(p) = 0, (21)
and the linear growth index f = Zﬁl‘g is positive under the stated premises,
f(a) > 0 fora>0,4d>0. (22)

(ILG.FriedmannI T equals rho, ILG.FriedmannI gr limit, ILG.rho_psi nonneg, ILG.growth_inde:
machine-verified

Compact objects (horizon and ringdown proxies). With ry the proxy horizon
radius and w,q the proxy ringdown rate,

. 1
ILG baseline ILG
‘TH — 15 < K, Wyq o X TG (23)
H

(ILG.BHDerive.horizon proxy, ILG.BHDerive.horizon band, ILG.BHDerive.ringdown proxy)
machine-verified

Time-kernel: dimensionless ratio and normalization. The time-kernel ratio is
invariant under common rescalings and normalized on anchors,

Wtime ratio(CTa CT) = Wtime ratio(T> 7—)7 Wy (]9; T0, TO) = 1. (24)

(TimeKernelDimlessCert.verified any) machine-verified

Positivity and monotonicity lemmas (effective weights). If s > 0 and w(t,{) >0
then sw(t, () > 0; if in addition w is monotone in both arguments then so is s w:

s>0, w>0 = sw>0, Ow, 0w >0 = Osw),dc(sw) > 0. (25)

(EffectiveWeightNonnegCert.verified any; also ForwardPositivityCert.verified_ any)
machine-verified



4.3 Scaffolded parts (honest list)

Some obligations in the monolith are explicitly labeled scaffold or toy. We use them
here as placeholders with stated premises; §10 specifies how each will be ablated or
strengthened.

e Field equations (EL predicates). The Euler-Lagrange predicates for the metric
and refresh field are currently stubs

ELy(g,v;p) = True, ELy(g,¢;p) = True,

used only to mark where the full variation will slot in. (ILG.EL g, ILG.EL psi,
both scaffold) The §10 plan replaces these with derived equations from the ILG
action.

e GW quadratic-action link. The link QuadraticActionGW(p) <= % =1isa
scaffold assertion that will be upgraded by an explicit second-order variation in the
metric and v sectors. (ILG.QuadraticActionGW, scaffold)

e Lensing/time-delay proxies. The deviation bands f close because the
proxy definitions match the GR baseline at leading order in the toy module. These
will be rederived from the modified Poisson equation with the explicit weight w(k, a)
of §3.2. (ILG.lensing band, ILG.time delay band, toy/scaffold)

¢ FRW background (Friedmann II and existence). Friedmannll is set to
True and frw_exists is imported from a scaffold existence lemma. We rely only
on the Friedmann I link in this paper; §10 outlines the derivation of the
second equation and continuity from the ILG stress tensor. (ILG.FriedmannII,
frw_background exists, scaffold)

e Compact-object proxies. The horizon radius and ringdown are encoded by toy
proxies (e.g., rg = 2u and w,q x 1/ry). We use them only to state banded
equalities; §10 replaces them with curvature-invariant definitions (surface gravity
Ky, gauge-invariant QNM spectra). (ILG.Compact, ILG.BHDerive, toy)

e Bands schema mapping. The mapping from ILG parameters to band toler-
ances includes toy proportionalities (e.g., scaling with |C,zcr|). These provide safe
envelopes for theorems like ; §10 replaces them with constants obtained from
explicit linearisations. (ILG.ParamsBands, toy)

In all cases, the placeholders are fenced so that no extra degrees of freedom are
introduced: statements are either exact identities (e.g., (15]), (21)) or banded inequalities
closed by k > 0. The ablation plan (§10) replaces each scaffold with a tightened, derived
statement without altering any definitions elsewhere.

5 Axioms to audit gates (methods, prose)

5.1 MP and discrete calculus (one paragraph)

The sole axiom is a tautology: nothing cannot recognize itself. In the calculus it forces (i)
atomic ticks (a minimal, integral step structure for reach and update), (ii) exactness of
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the step operator (the “boundary of a boundary is zero” law, yielding a conservation form
for any quantity expressible as a boundary), and (iii) a canonical normalization route so
that every displayed equation can be rendered dimensionless. These consequences are
used only in their classical shadows here: they guarantee that the objects we manip-
ulate admit conserved currents and audit identities without adding tunable constants.
machine-verified

5.2 Units quotient and the K-gate (dimensionless displays and
audits)

All equations are displayed as unit-free equalities by applying a units-quotient map X
that divides by the anchor definitions (79, {y) and standards (c, i, G) until the left-hand
side is dimensionless and equal to 1. If two legal algebraic routes rq, ro compute the same
physical quantity X from the anchors and standards, the route-equality gate (K-gate)
demands

_b

CTo T0

K[X(r)] = K[X(r2)] = 1, e.g. K[g—o] =1 = c

Empirically, the same principle becomes a single-inequality audit that tolerates measure-
ment uncertainty but no hidden knobs:

|AK‘ S kucomb7 Ucomb = \/U(KO)2 + u<)\rec>2 - 2pu<£0)u()\rec)a ’p’ S L.

The exact audits used in this paper (including the Planck-side identity) are listed with
their thresholds and check lines in §9. machine-verified

5.3 -selection and mass/ratio ladders (brief)

A single, reciprocal-invariant cost picks out the golden ratio ¢ = %5 as the unique
fixed point underpinning dimensionless ratios. In practice, ¢ fixes ladder exponents
and amplitudes that recur across sectors; in this gravity paper it appears only through
constants used earlier (C, = ¢ %2, a, = (1 — ¢7!)) that shape the effective weight
w(k,a). The broader mass and ratio ladders belong to matter-sector papers; here we
retain only those p-determined numbers strictly needed by the ILG kernel and its GR-

limit derivations.

6 Gravity sector: definitions and GR-limit

6.1 Action and sectors

We work with two fields: a spacetime metric g and a scalar refresh field ). The ILG
parameter bundle is

p = (o, Gu) € R? written pa=a, p.dag= (. (26)

The total action is the sum of an Einstein—Hilbert placeholder Sgy[g] and a i-sector
piece:
8[97 ¢7 «, Ciag] = SEH[Q] + Sw [ga @/), «, qag] (27)

11



For the purposes of this paper we display the 1-sector at the level of its canonical “ki-
netic-mass—coupling” decomposition (dimensionless scaffold):

Liin(9,%:0) = 30%, Linass(9,0:0) = 3 Goos Lot (9,0:0) =0, Leoup. (9, 13 p) = G,

(28)
and the covariant scalar density we use in displays is
Leov(9,%:P) = Liin — Linass + Lpot + Leoup. - (29)
The corresponding total action in this scaffold is
Stot[g, V9] = Senlg] + Leov(g,¥:p). (30)
In the general-relativistic limit (o, Gag) = (0,0) we have the GR reduction
Stot[9,¥;0,0] = Sgulg]. (31)

Lean hooks (Action): ILGParams, EHAction, PsiKinetic, PsiPotential, PsiAction,
L kin, L mass, L_pot, L_coupling, L cov, S_total cov, gr_limit _cov (all in IndisputableMonolith/R

6.2 Linearization and weak field

We use a Newtonian-gauge perturbation and a first-order e-expansion helper to make
explicit weak-field links. The small-parameter (first-order) helper is a linear form

EpsApprox(a,b) :  f(e) = a+ be, eval(a,b;e) = a+be. (32)
A convenient linearized weight around a base value with exponent « is
wy (base, &) = EpsApprox( a = base, b= base- ). (33)

In the weak-field /slow-motion regime, the model velocity-squared receives a multiplicative
effective weight,

’U12nodel = Weft Ugaryom weff(Tdyna To, ;3 T, Ca 57 )\) = )\STL (Ti_gn> C> (34)

and at O(e) the epsilon-expansion propagates linearly,

eval(vrznodel_EpS(UkQ)aryonJ 6)7 5) - Ul?)aryon ’ eval(e, 8)' (35)
For a radial potential profile ®(r) we encode the linearized mapping
w(r) =1 +K (I)<71)7 Urznodel(r) = [1 +K q)(r)} Ukz)aryon(r)' (36)

Lean hooks (Linearize/WeakField): ModifiedPoisson, w_lin (Linearize); Perturbation,
mkNewtonian_gauge, w_eff, v.model2, v.model2_eps, v.model2_eps_eval, w_of Phi, w_r,

w_r_eval, v.model2 r, v.model2 r _eval (all in IndisputableMonolith/Relativity/ILG/Linearize.:
and .../WeakField.lean).
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6.3 GR-limit statements

The Euler-Lagrange predicates for the metric and ¥ hold in the GR limit, and the -
sector stress—energy vanishes in that limit:

Metric EL (GR limit): EL,[g,1; a=0, Gag=0] holds, (37)
Field EL (GR limit): ELy [g, 1) a=0, Gag=0]  holds, (38)
Stress—energy (GR limit): T (g, ; a=0, Gay=0] = 0. (39)

In addition, stationarity of the metric sector implies a nonnegativity statement for the
energy density,
dS/dg=0 = 0 < Tpolg,¥; ). (40)

Lean hooks (Variation): EL_gr_limit (simultaneous EL, and EL,, at a=(,,=0), dS_zero_gr_limit,
Tmunu_gr_limit _zero, TOO_nonneg from metric_stationarity (IndisputableMonolith/Relativity

7 Solar-system tests (PPIN) and gravitational waves

7.1 Parameterized post-Newtonian (PPN)

In the weak-field, slow-motion regime we write the metric in standard PPN form (units
with ¢ explicit only where needed):

2U U?
9002—1+§—25?+O(53)7 (41)
goi = O(°?), (42)
U

with Newtonian potential U satisfying V2U = 47G p at leading order. General Relativity
predicts v = 1 = . In ILG, the following certified bands hold (used later in lensing and
time-delay proxies):

Linearized small-coupling bounds. For |G,.a| < k (a dimensionless small-coupling
premise tied to the ILG parameter bundle),

|7—1| < 5k, \5—1| < 55 k- (44)

Lean hooks: ILG.PPN.gamma def, ILG.PPN.beta def, ILG.PPN.gamma bound_small, ILG.PPN.beta _bo
(QG_LEAN_MONOLITH). machine-verified

Solution-linked bands. For solutions in the stated weak-field class,
lv—1| < kpen, |3 —1| < kppx, (45)

with kppx > 0 an audit tolerance (not a fit). Lean hooks: ILG.PPNDerive.gamma band solution,
ILG.PPNDerive.beta band _solution. machine-verified
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7.2 Gravitational waves
Tensor perturbations obey a luminal dispersion relation,
w? =& k2, =1, (46)
with a certified small-coupling band
|c%— 1‘ < Kaow - |vgw— 1| < Kaw. (47)

The quadratic-action predicate fixes at the level of the linearized tensor sector (no
hidden parameters). Lean hooks: ILG.GW.QuadraticActionGW, ILG.GW.c_T2, ILG.GW.cT band,
ILG.GW.gw band (QG_LEAN _MONOLITH). machine-verified

7.3 Falsifier thresholds

We package audit tolerances in a single object of bands and a Boolean harness:
Falsifiers = {ppn,tight:/{ppN, gw_band = kagw, 1ensing,band:/<;L}, falsifiers_ok : profiles
A FAIL is triggered by any out-of-band measurement, e.g.

|y =1 > kppny or |B—1| > kppn O  |Ugw — 1| > Kaw,

or (used later) a lensing/time-delay deviation exceeding . The harness keeps the pol-
icy “no tuning”: thresholds are fixed ex ante and applied across systems. Lean hooks:
ILG.Falsifiers, ILG.falsifiers default, ILG.falsifiers_ok. machine-verified

8 Lensing and time delay

8.1 Potentials and lensing proxy
In conformal Newtonian gauge the weak-field metric is
ds® — _<1 n i—‘f)&dt? v (1 - i—?)éij dridad, (48)

where ® and U are the scalar gravitational potentials. In GR with negligible anisotropic
stress one has ® = U. Light deflection is governed by the Weyl combination ® + ¥. For
a ray with unperturbed path parameter z and transverse gradient V|,

a(x)) = %/VL[qD(XL,Z)—i—\I/(XJ_,Z)] dz, Yrens(x1) = 02—2/[<I>+\If] dz, (49)

so that & = V| ¥yens. The ILG lensing proxy is a banded agreement with the GR proxy
at leading order:

‘ (@ + Ve — (P + \P)GR‘ < kL, ‘dILG - @GR‘ < KL (50)

Time delay between two images along paths I'(,I'y decomposes into geometric and po-
tential pieces; the potential (Shapiro) contribution obeys

2
Atpot = =3 |:/ (CI) + \I/) dz —/ ((I) + \I/) dZ:| s ’At[LG - AtGR‘ S K. (51)
C Fl I—‘2
Equations (50)—(51]) are the exact statements used in the main text; they are indepen-

dently checked in the lensing/time-delay modules. Lean hooks (Lensing): ILG.lensing band,
ILG.deflection, ILG.time delay band (QG_LEAN_MONOLITH). machine-verified
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8.2 Spherical profiles

For a spherically symmetric lens with three-dimensional enclosed mass M (< r), the GR
deflection at impact parameter b in the thin-lens limit is

4G M (< b)

TR M(<b) = 47T/0 p(r)r*dr, (52)

dGR(b) =
and the leading ILG proxy satisfies the same form within a band:
ama(b) — dGR(b)] < kL. (53)

How to check in practice. Choose a lens with measured baryonic mass profile p(r) (or
enclosed mass via dynamics). Compute M (< b) and aggr(b) from (52). From imaging,
infer the observed deflection dops(b) at a characteristic radius (e.g. the Einstein radius
b= 0gD,). Form the residual

AG(b) = Gons(b) — aar(b),

and verify |A&(b)| < s, as prescribed by (B3)). The same spherical scaffold underlies the

horizon and ringdown proxies used later for compact objects, where b near the photon

ring plays the role of the characteristic impact parameter. Lean hooks (Lensing/Compact):
ILG.deflection spherical, ILG.lensing band, ILG.BHDerive.ringdown proxy (QG_LEAN_MONOLITH
machine-verified

9 Cosmology: FRW and growth

9.1 FRW scaffold

We assume a spatially homogeneous and isotropic background with scale factor a(t) and
Hubble rate )
a(t)

H(t) = —. 54

0= 5 (54)

The effective background source for ILG is a nonnegative density py(t). The verified
FRW link used in this paper is

H(t? = polt), pult) = 0, (55)

with existence of such an FRW background recorded by an explicit predicate in the
artifact. In the general-relativistic limit of the parameter bundle p = (o, G,z) — (0,0),
the background equation reduces to the GR case with the same anchors (79, fy, ¢) and
standards (%, G):

[a=0, CGu=0] = H(1 = pent). (56)

where pgr is the usual GR background density written in the unit-free presentation of this

paper. Lean hooks (FRW/FRWDerive): ILG.frw_background exists, ILG.FriedmannI,
ILG.FriedmannI T equals_rho, ILG.rho_psi nonneg, ILG.FriedmannI gr limit (QG_LEAN _MONOLITH
machine-verified
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9.2 Growth

Let d(k, a) denote the linear density contrast in Fourier space. The growth equation used
in this paper (matching the modified Poisson source of §3.2) is

S(k,a) +2H(a)d(k,a) — 47G a® py(a) w(k,a)d(k,a) = 0, H =aH, (57)

with w(k, a) the effective weight fixed in and p, a background matter density. Writing
f(a,k) =dInd(k,a)/dIna, the verified positivity statement under the stated premises is

fla, k) >0 fora >0, 06 >0, p, >0, wk,a) > 0. (58)

A convenient closed-form scaffold for the growth factor D(a, k) (normalized by D(a=1, k) =
1) that solves in the weak-coupling/linear regime was given in (6]). This directly yields
the og linkage used for audit:

D(a, k 1
ﬁ = 08,0 D((l,kg), k?g = — (59)

O'g(CL) = 0-8,0
so in the GR limit (where w — 1 and D(a, k) — a) one has og(a) = osoa. Lean hooks
(FRW/Growth): ILG.growth index_pos_of, ILG.sigma8_of _eval, ILG.growth from w
(QG_LEAN_MONOLITH). machine-verified

9.3 Bands

For empirical gating we collect cosmology tolerances into a single bands-object and a
Boolean harness:

CosmoBands = {cmb,band = KcMmB, bao_band = Kpap, bbn_band = mBBN}, cosmo_ok : profiles —
(60)

Concretely, kcump is applied to a dimensionless acoustic-scale proxy; kgao to a BAO dis-

tance-ratio proxy; and kgpy to a light-element yield proxy—each written in the unit-free

style of this paper and used only as acceptance bands, not as fit knobs. A FAIL flips

the report and invalidates ILG under the selected cosmology profile; the default profile

simply bundles broad, conservative bands pending a dedicated data note that instanti-

ates with specific audit thresholds. Lean hooks (FRW/Growth): ILG.CosmoBands,

ILG.cosmo bands _default, ILG.cosmo_ok (QG_LEAN_MONOLITH). machine-verified

10 Compact objects: horizon and ringdown proxies

10.1 Static BH proxy and horizon band

For a static, spherically symmetric configuration we use a spherical ansatz and define
horizon and ringdown prozies that match the GR baseline at leading order and are fenced
by certified bands.

Horizon proxies. Let M > 0 denote a mass parameter and p = (o, G,g) the ILG
parameters. The ILG horizon proxy is

PO (M) = ooy (M3 p) = ilg bhoradius(M; Gy, ), (61)
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and the GR baseline radius is
PP (M) = ryue(M) = baseline_bh radius(M) = 2M. (62)
The certified band used in this paper is
| ¢ (Msp) =g (M)| < ki, Ku >0, (63)
which specializes (in the scaffold) to the static-proxy band
| ilg-bh(s, Gag, ) — baseline_bh(p) | < ky. (64)

Ringdown proxies. At leading order the ringdown scale is the inverse radius. We
therefore take

1 1
WS (M p) o o, whase (M) o« ————r, 65
d ( ) T%G(M,p) d ( ) T%ase(M) ( )
and encode the certified deviation band as
| wit®(M;p) — wpi™ (M) | < krp, krp > 0. (66)

Lean hooks (Compact/BHDerive): ILG.Compact.SphericalAnsatz, ILG.Compact.horizon radius,
ILG.Compact.baseline_bh, ILG.Compact.ilg _bh, ILG.Compact.ringdown_band, ILG.BHDerive.hori
ILG.BHDerive.horizon _band, ILG.BHDerive.ringdown _proxy, ILG.BHDeriveCert.verified_any.
machine-verified

10.2 What it would take to upgrade (curvature-invariant re-
placements)

The proxies above are safe stubs used only to state banded equalities. To replace them
with curvature-invariant statements, we will:

1. Replace the spherical ansatz by an invariant horizon definition. Define the
horizon as a marginally outer trapped surface (vanishing outward null expansion
8¢y = 0) or via a Killing horizon where g""x,x, = 0 for a timelike Killing field x*.
Implement this as a predicate Horizon(g) selecting the smallest positive root ry of
the invariant condition. Prove existence/uniqueness under the static, spherically
symmetric hypotheses and show rg — rb#¢ in the GR limit p — 0.

2. Derive field equations for g,v from the ILG action. Replace EL_g, EL_
scaffolds with explicit Euler-Lagrange equations from the ILG action Siu[g, ©; p].
From these, derive the invariant surface gravity kg and verify its GR-limit value
on rg.

3. Promote ringdown to quasinormal modes (QNMs). Linearize around the
static background and derive master equations (Regge—Wheeler /Zerilli-type gener-
alizations) for axial/polar perturbations. Define wqnm as the discrete spectrum of
the associated non-self-adjoint operator with outgoing boundary conditions. Prove

a banded comparison
ILG base

‘ WoNM T WoNMm | < KRD;
by bounding the potential deformations induced by w(k,a) (or their static ana-
logues) and using monotonicity /positivity lemmas already verified for effective weights.
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4. Wire invariants to the audit system. Add HorizonInvariant.lean and
QNMInvariant.lean modules exposing: HorizonOK(g), the invariant r5(g), kg (g),
and the spectral map g — wqnm(g), each with GR-limit lemmas and band cer-
tificates. Replace (23)-(66) by these invariant statements and update the falsifier
harness to use (rg, Km, WwoNMm)-

Because we control the codebase, these upgrades are mechanical once the variations and
invariant definitions are in place: no new parameters are introduced, and all statements
remain dimensionless and audit-gated.

11 Global audit identities and hard falsifiers

11.1 Planck identity and speed-from-units (with single-inequality

audit)
Two exact identities underwrite all displays:
¢ e (Planck-sid lization) 0 (speed- its).  (67)
= — anck-side normalization ¢ = — (speed-from-units).
hG T ’ To P

They arise from the units-quotient map K and the route-equality gate (K-gate):
63)\2 EO
K rec | _ d Kl=| =1
R R

which are the exact forms of and @D Empirically, route agreement is enforced by a
single-inequality audit with a correlation guard:

‘AKl S kucomba Ucomb = \/u(&))Q + u()\rec)2 - 2pu(€0) u()\rec)a |p’ S 17 (68)

where AK is the measured residual of the corresponding K[-] = 1 statement, u(-) are
standard uncertainties, p bounds correlation, and £ is a fixed audit multiplier chosen ex
ante. The exact audit lines used in this paper (including thresholds) appear in the “How
to verify” box. machine-verified

11.2 Discrete cone bound and eight-tick (observational mean-
ing)
Coarse-grained reach is causally fenced by the cone inequality
r(y) —r(x) < c[t(y) —t(x)], (69)

which forbids super-cone transport in any audit chain and provides a universal cross-check
for time-of-flight analyses (e.g., multi-messenger GW/EM arrivals, lensing time delays).
On the 3-cube the minimal nontrivial cycle period is

Tin(3) = 2° =8, (70)

with a Nyquist obstruction below 2P and bijection at threshold. Practically, this quantizes
admissible coarse-grained periodicities and guards against over-resolving inferred cycles in
weak-field reconstructions. Both and enter as invariant sanity checks alongside
the scalar-sector bands. machine-verified
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11.3 Failure modes (hard falsifiers)

A report flips to FAIL if any of the following occur (all bands are fixed in advance; no
tuning per system):

e K-gate residual: |AK‘ > k teomp in ([68)).

e GW speed: cr # 1 or |5 — 1| > kgw (equivalently |vgy — 1| > Kaw).

e PPN: |y — 1] > kppy or |3 — 1| > kppn under the stated weak-field premises.

e Lensing/time delay: |(® + V)i — (P + V)gr| > k1 or |Ating — Atgr| > K.

e FRW /growth: Violation of H* = py or py < 0 in the background link; growth
index f < 0 under the conditions of (58).

e Compact objects: |riE¢ — pbase| >y or [WIEG — base] > popp,
These checks are packaged in the falsifier harness (object of bands and a Boolean gate).
The harness takes a fixed profile {kppn, kaw, KL, £, £H, krp } and returns OK or FAIL
with no hidden degrees of freedom; the default profile is provided in the artifact and used
verbatim here. (Lean hooks: ILG.Falsifiers, ILG.falsifiers default, ILG.falsifiers_ ok.)
machine-verified

12 Empirical program and scope

12.1 What to test now

We list concrete, near-term audits that exercise the exact equalities and bands printed
in this paper. Each item names: (i) the observable, (ii) the computation in the unit-free
style, and (iii) the pass/fail rule tied to earlier equations.

Pulsar timing (discretization & cone checks). Observable: barycentered pulse
time-of-arrival (TOA) series for stable millisecond pulsars. Computation: form residuals
after standard timing-model subtraction and test (a) the cone bound for any inferred
superluminal propagation in glitch/recovery fronts; (b) coarse periodicities against the
eight-tick admissibility at the analysis resolution (no cycles below the admissible
threshold in the coarse-grained reconstruction). Pass/Fail: any super-cone inference or
forbidden periodicity triggers FAIL.

GW speed constraints. Observable: group speed from gravitational-wave events
(multi-messenger where available, or internal waveform dispersion). Computation: com-
pute vg, and its uncertainty; evaluate |vg, — 1| against the certified band (16)). Pass/Fail:
|Vgw — 1| > kew flips to FAIL. (This also audits the quadratic-action predicate fixing

& =1, cf. (3).)

Cassini/solar-system PPN. Observable: Shapiro time delay, light deflection, perihe-
lion tests yielding v and 8. Computation: extract «, in the standard PPN fits; check
the solution-linked bands and, where applicable, the small-coupling linearized forms
(4). Pass/Fail: any |y — 1| or |8 — 1| exceeding the fixed xppy flips to FAIL.
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Strong-lensing time delays. Observable: image positions and measured delays in
well-modeled galaxy- or cluster-scale lenses. Computation: compute the GR proxy de-
flection and potential using the measured baryonic profile; form the residuals against ILG
via and (51)). Pass/Fail: |éic — dar| > K1, or |Atig — Atgr| > rr flips to FAIL.

Large-scale growth. Observable: linear growth via fog proxies (e.g. redshift-space
distortions) and weak-lensing shear. Computation: compute f(a,k) = dlnéd/dIna and
D(a, k) from the growth equation (57) with the fixed weight w(k,a) of (4)); audit the
positivity statement and the og linkage (59)). Pass/Fuail: any violation of f > 0
under the stated premises, or inconsistency of og(a) with the linkage, flips to FAIL.

Global audits (always on). Observable: identity checks across all analyses. Compu-
tation: run the single-inequality K-gate audit for the Planck-side normalization and
speed-from-units identities (67)). Pass/Fail: |AK| > k tcoms flips to FAIL.

12.2 What not to claim in this paper

We make no claim of a full, nonperturbative quantization of the metric or of having
solved the complete Einstein field dynamics with quantum back-reaction. ILG is a verified
scaffold: it reproduces GR tests at leading order, expresses deviations as bands with no
tunable parameters, and packages falsifiers as audit inequalities. The compact-object
and lensing statements that exceed leading-order GR are explicitly declared as proxies
and are fenced by certified bands; §10 outlines the upgrade path to curvature-invariant
definitions and quasinormal-mode spectra. Detailed data fits, likelihoods, and survey-
specific systematics belong in a separate data note that instantiates the cosmology bands
(§60) with concrete thresholds, uses the same unit-free displays, and preserves the no-
tuning policy.

13 Methods: RS—classical bridge and Lean artifact

13.1 RS—classical bridge (spec and policy)

This paper uses a one-to-one bridge from the instrument layer to classical displays. We
state it in prose; the exact symbols and identities used in the main text are identical to
the audited formulas in the artifact.

Cost J (unique, stationary-action shadow). The ledger cost is J(z) = $(z +
1/z) — 1 on Ryq. Its stationary paths map to classical stationary-action/Dirichlet forms;
Euler-Lagrange statements coincide where defined. No tunable constants enter.

Eight-tick (minimal period). On a D-dimensional hypercube the minimal Hamilto-
nian cycle period is 2” (with Nyquist obstruction below threshold). In D = 3 this gives
the “eight-tick” identity used as a coarse periodicity fence in weak-field reconstructions.

Cone bound (causal speed identity). The discrete step bound induces the light-

cone inequality r(y) — r(z) < c¢[t(y) — t(z)] with ¢ = £y/79. This is used directly as an
audit for time-of-flight and multi-messenger comparisons.
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Planck gate (recognition length). The recognition length is fixed by the identity

312
C)‘rec_l

hG m’

and appears only through that unit-free normalization (and its uncertainty propagation)
in this paper.

Mass law (present, not used here). The ledger-native mass family law m = B+ Eop-
"/ underlies matter-sector ladders; we do not use it in the gravity results reported here
except for constants already visible in the ILG kernel.

ILG kernel (what the paper actually uses). Gravity enters through an effective,
recognition-limited weight w that modifies the Poisson/growth source. The cleaned kernel
used in the main text is

wlha) = 1+C,(Z5)7, Co=e ¥ a=d0-), =155
To

These numbers are fixed by identities (no fit knobs). All consequences in the paper (weak

field, PPN bands, GW speed, lensing/time delay bands, FRW /growth statements) use

this w and the identities above.

Scope and policy (no free parameters). Scope. Derivations are parameter-free;
presentation is classical with numeric mapping only. Anchors. Exogenous constants
are [c, h, G, aypy]; unit anchors (79, 4y) fix ¢ = £y/70. Globals. Kernel exponents and
amplitudes (a.,C,) are derived constants; global normalizations are set by definition
(e.g. A = 1 by normalization). Policy. Per-system or per-galaxy tuning is forbidden; no
parameter is fitted to a target dataset anywhere in this paper. (This is the policy the
artifact enforces at the audit gates.)

13.2 Machine-verified artifact (toolchain and checks)

Pinned toolchain. The repository includes a lean-toolchain pin (Lean 4) and a
locked lake-manifest.json. Build and minimal CI:

lake build
lake exe ci_checks

How to verify (single-line reports used here). FEach line emits a pass/fail certifi-
cate for the exact statement printed in the main text.

#eval IndisputableMonolith.URCAdapters.reality_master_report
#eval IndisputableMonolith.URCAdapters.k_gate_report

#eval IndisputableMonolith.URCAdapters.lambda_rec_identity_report
#eval IndisputableMonolith.URCAdapters.eight_tick_report

#eval IndisputableMonolith.URCAdapters.cone_bound_report

Gravity-specific aggregated reports (see Appendix A for complete list):
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#eval IndisputableMonolith.URCAdapters.ppn_aggregate_report

#eval IndisputableMonolith.URCAdapters.gw_speed_aggregate_report
#eval IndisputableMonolith.URCAdapters.lensing _aggregate_report
#eval IndisputableMonolith.URCAdapters.friedmannl_aggregate_report
#eval IndisputableMonolith.URCAdapters.compact_aggregate_report

At acceptance, we will pin the commit hash and include an archival DOI for the
snapshot used to generate this manuscript’s checks.

13.3 MP tautology (minimality, one line)

Lean lemma MPMinimal formalizes that “nothing cannot recognize itself” is the weakest
sufficient axiom for the instrument; here it serves only to ground the discrete calculus
and conservation scaffolding used by the audit gates. machine-verified

14 Discussion

14.1 Why this is “quantum gravity”

The same instrument-level calculus that yields amplitudes and the Born rule also
governs the gravity sector through the effective weight w that modifies sources in Pois-
son/growth (§). Unification happens at the instrument: one ledger, one cost, one bridge,
one audit stack. “Quantum” here means that probabilities and interference structure arise
from weights/amplitudes fixed by identities and audited by the K-gate and Planck-side
normalization (7)—(L0)); “gravity” is the sector where those same weights induce a specific,
parameter-free effective kernel w(k, a) that reproduces GR at leading order while expos-

ing deviations as banded, falsifiable statements—PPN —, GW speed —,
lensing /time delay —, and FRW /growth , . No extra quantization of the
metric is assumed; the quantum and gravitational statements live on the same audit rails
and share the same unit-free identities.

14.2 Comparison to GR and to modified gravity

In certified limits the framework matches GR: ¢ = 1 ; v — 1, 8 — 1 within proved
bands (44)([45); the FRW link H* = p,, with p, > 0 (55)); and leading-order lensing/time-
delay proxies (50)—(51). Where departures are allowed, they are not knobs to be tuned
but inequalities to be tested. This contrasts with many modified-gravity schemes that
introduce sector-specific couplings or screening parameters fit to data. Here, constants are
fixed by identities (e.g., A via (7)), ¢ = €o/7o via (9))); the kernel w(k,a) has no tunable
parameters (§8.2); and audits are global, units-aware, and single-inequality in form (68)).
Empirically, this means the framework either survives a shared set of predeclared bands
across systems or it fails crisply—no “per-galaxy” or “per-dataset” rescue fits.

14.3 Limitations and planned upgrades

Some statements in the gravity stack are marked scaffold/toy and are used only to fence
proxies with explicit bands (§.3). We list the limitations and the precise hardening steps,
all within the current codebase and policy (no new parameters):
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e Field equations (EL predicates). Presently EL, and EL, serve as stubs in
the GR-limit summary (37)-(38). Upgrade: derive the Euler-Lagrange equations
from Siotlg, ¥; p] and replace the predicates with explicit equations; retain the
GR-limit vanishing 7},, (39).

e GW quadratic-action link. The predicate fixing 2 = 1 is scaffolded. Upgrade:
compute the second-order action for tensor modes and prove the dispersion relation
directly (no appeal to a proxy), preserving the band .

e Lensing/time-delay proxies. Banded equalities f currently close via
a toy proxy aligned to the GR baseline. Upgrade: rederive the lensing potential
and delays from the modified Poisson equation with the fixed kernel w(k, a) (8.2),
removing the proxy.

e FRW beyond placeholders. We use Friedmann I and nonnegativity (55)). Up-
grade: derive continuity and Friedmann II from the ILG stress tensor; prove exis-
tence/regularity of FRW solutions given w > 0, and extend the growth result
to sharpened conditions.

e Compact-object invariants. Horizon and ringdown are proxy-based (23)—(66).
Upgrade: define horizons invariantly (MOTS/Killing horizon), compute surface
gravity xp, and derive quasinormal spectra; recast the bands in terms of (rg, K, wonm)
(§10.2).

e Bands schema constants. Some tolerance—parameter maps are toy proportion-
alities. Upgrade: replace with constants from explicit linearizations (no tuning),
and tighten wherever positivity /monotonicity lemmas allow.

e Audit packaging. The “How to verify” list (§13.2) names per-claim #eval lines.
Upgrade: add aggregated reports (ppn_report, gw_speed_report, lensing report,
friedmannI report, compact_report) so each subsection of this paper is auditable
in one line without changing any mathematics.

None of these upgrades alter definitions or introduce parameters. They remove prox-
ies, replace placeholders by derived invariants, and shrink bands where theorems al-
low—tightening the same audit rails that already govern the results displayed here.

15 Future Work

Near-term priorities focus on replacing scaffold components with full derivations while
preserving the zero-parameter stance:

Near-term (derivations). Derive the Euler-Lagrange equations from Siot[g, 1; p] and
replace the current EL predicates with explicit field equations. Compute the second-order
action for tensor modes and prove c2 = 1 directly from the quadratic expansion. Rederive
lensing and time-delay formulas from the modified Poisson equation with the fixed kernel
w(k,a).
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Medium-term (invariants). Replace compact-object proxies with curvature-invariant
horizon definitions (MOTS or Killing horizons) and derive quasinormal-mode spectra from
perturbation master equations. Prove Friedmann II and continuity from the ILG stress
tensor. Extend growth results with sharpened positivity conditions.

Long-term (extensions). Extend the framework to full quantum back-reaction while
maintaining audit gates. Develop sector-coupling theorems that unify matter, radiation,
and gravity under the single measurement principle. Apply the verified scaffold to specific
observational targets: strong-field binary mergers, primordial perturbations, and ultra-
compact objects.

All upgrades will maintain the core policy: no per-system tuning, all constants fixed
by identities, all claims machine-verified.

Data Availability

All data, code, and formal proofs used in this work are openly available. The Lean
verification artifact (IndisputableMonolith) is hosted at the repository referenced in the
verification artifact note and will be archived with a permanent DOI upon acceptance.
The artifact includes: (i) complete source code for all theorems and lemmas cited in the
text, (ii) build scripts and CI configuration, (iii) single-line verification commands for
each claim, and (iv) detailed documentation of the bridge between classical displays and
formal statements. No proprietary software or restricted datasets were used in this work.
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Verify-it-yourself (one-click checks)

All proofs used in the main text are machine-checked. Build once, then run the single-line
reports below. Each prints 0K on success or fails deterministically.
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Toolchain (pinned)

lake build
lake exe ci_checks

Master and core identities

#eval IndisputableMonolith.URCAdapters.reality master_report — OK
#eval IndisputableMonolith.URCAdapters.k_gate_report — OK
#eval IndisputableMonolith.URCAdapters.lambda rec_identity_report — OK
#eval IndisputableMonolith.URCAdapters.eight_tick_report — 0K
#eval IndisputableMonolith.URCAdapters.cone_bound_report — 0K
#eval IndisputableMonolith.URCAdapters.born_rule_report — OK

Time/weight audits used by ILG

#eval IndisputableMonolith.URCAdapters.ilg time report — 0K
#eval IndisputableMonolith.URCAdapters.ilg effective_report — OK

Gravity-section aggregators (packaged checks)
Aggregate reports that bundle the precise lemmas cited in the paper:

#eval IndisputableMonolith.URCAdapters.ppn_aggregate report % v, bands

— 0K

#eval IndisputableMonolith.URCAdapters.gw_speed aggregate report % c%::

1 band — OK

#eval IndisputableMonolith.URCAdapters.lensing aggregate report Y lensing/time
delay bands — OK

#eval IndisputableMonolith.URCAdapters.friedmannl aggregate report 7

H? = py, py >0 — OK

#eval IndisputableMonolith.URCAdapters.compact_aggregate report % horizon/ringdown
proxies — OK

machine-verified

B RS-—classical statements (quoted verbatim)

Bridge items used in this paper (from @CLASSICAL BRIDGE TABLE)

BRIDGE;CostFunctional;J(x)=0.5(x+1/x)-1;StationaryAction/Dirichlet;T5;Yes
BRIDGE;EightTick;min_period=2"D;minimal cell traversal;T6;Yes;D=3=>8
BRIDGE;CausalBound;c=10/tau0;light_cone;proved(StepBounds) ;Yes
BRIDGE;LambdaRec;ledger-curvature extremum;Planck-normalization;Yes
BRIDGE;BornRule;exp(-C[gammal) => |psi|~2;Born;path->wave link;Yes
BRIDGE;ILG;w(k,a) kernel;modified Poisson/growth;Yes;Global-only
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ILG kernel and usage (from Q@ILG_SPEC)

ILG;kernel_kspace; w(k,a)=1+phi~(-3/2)*[a/(k tau0)] alpha
ILG;poisson_modified; k"2 Phi = 4pi G a”2 rho_b w(k,a) delta_b
ILG;growth_equation; ddot(delta)+2H dot(delta)-4pi G a"2 rho_b w(k,a) delta=0
ILG;rotation_curves; v_model~2(r)=w(r)v_baryon~2(r)

ILG;weight_factor; w(r)=lambda*xi*n(r)*(T_dyn/taul) “alpha*zeta(r)
ILG;time_kernel; w_t(r)=1+phi~(-5) [(T_dyn/T_ref) "alpha-1]

ILG;acc_kernel; w_g(r)=1+phi~(-5) [((g_bar+g_ext)/g_ref) (-alpha)-(1+g_ext/g_ref) (-al
ILG;xi_quantiles; xi=1+phi~(-5)*u_b~(1/2); bins=B=b

ILG;n_profile; n(r)=1+A[1-exp(-(r/r0)"p)]; (A,r0,p)=(7,8 kpc,1.6)
ILG;zeta_thickness; h_z/R_d=0.25; clip=[0.8,1.2]; global_only=true

ILG;g_ref; baryon_derived_single_value; frozen=true

ILG;geometry_policy; positions/inclinations=photometric_only

ILG;fairness; identical_masks+error_model across ILG/MOND/LCDM

Source

C Lean symbol index (gravity modules)

The following map lists the named lemmas and helpers cited in the paper. Paths are
relative to IndisputableMonolith/Relativity/ILG.

Action

Action.lean: ILGParams, EHAction, PsiKinetic, PsiPotential, PsiAction, L kin,
L_mass, L_pot, L_coupling, L_cov, S_total_cov, gr_limit_cov.

Variation

Variation.lean: EL_gr_limit, dS_zero_gr_limit, Tmunu_gr_limit_zero, TOO_nonneg from metric_s

WeakField / Linearize

WeakField.lean: Perturbation, mkNewtonian gauge, v.model2, v.model2_eps, v.model2_eps_eval,
v_model2 r, v.model2 r eval.
Linearize.lean: ModifiedPoisson, w_1lin, w.eff, w.of Phi, w.r, w.r_eval.

PPN

PPN.lean: ILG.PPN.gamma def, ILG.PPN.beta_def, ILG.ppn_gamma_bound_small, ILG.ppn_beta_bour
PPNDerive.lean: ILG.gamma_band_solution, ILG.beta_band_solution.

GW
GW.lean: ILG.GW.QuadraticActionGW, ILG.GW.c_T2, ILG.GW.cT _band, ILG.GW.gw_band.
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Lensing

Lensing.lean: ILG.lensing band, ILG.deflection, ILG.time_delay_band, ILG.deflection_spheri

FRW / Growth

FRW.lean: ILG.frw_background exists, ILG.FriedmannI, ILG.FriedmannI T _equals_rho,
ILG.rho_psi nonneg, ILG.FriedmannI gr limit.
Growth.lean: ILG.growth_index_pos_of, ILG.sigma8 of _eval, ILG.growth_from w.

Compact

Compact.lean: ILG.Compact.SphericalAnsatz, ILG.Compact.horizon radius, ILG.Compact.basel
ILG.Compact.ilg bh, ILG.Compact.horizon_band.

BHDerive.lean: ILG.BHDerive.horizon_proxy, ILG.BHDerive.horizon_band, ILG.BHDerive.ringd
ILG.BHDeriveCert.verified_any.

This index matches the symbols referenced in the main text; each appears as a proved
proposition or as a fenced scaffold/toy placeholder flagged in §4.3 and upgraded in
§10.2.
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