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ABSTRACT

Every physical statement is a conditional truth: it holds only within a locale --- a specified vacuum or symmetry
sector, background geometry, medium, energy scale, or observer frame. This paper formalizes the resulting locale
framework in four moves. First, a catalog of conditional truths (photon mass, spin, energy conservation, the
second law, the electron's charge and mass, the vacuum) shows that the interesting physics lives at the seams
where a rule fails to transfer. Second, the map-territory distinction: pedagogical maps fail at seams, and the
ontological territory is the invariant relational structure --- the transformation law, the commutation algebra, the
gauge-invariant observable --- that transfers across locales; ontic structural realism is engaged as a named
imported premise, with its critics. Third, the rendering interface: an observer constrained to first-person
observations inside a rendering experiences the metric of the image space, not the substrate; no finite set of such
observations decides whether the substrate metric is Archimedean or ultrametric (the Monna-map
underdetermination, generalized beyond the visual case); what cannot be decided can still be probed --- a
rendering with structure leaks structure. Fourth, scale primitives: stripped of anthropocentric units, frequency is a
recurrence count, the fine-structure constant is a ratio, and temperature is a derivative; by Ostrowski's theorem the
Archimedean real line is one completion of the rationals among many. Why a reader should care: the framework
turns 'conditional truth' from a footnote into a first-class epistemic category with a falsifiable core (the metric of
the substrate is not decidable from inside the interface) and identifies what survives --- counts, ratios, and structure
leaks. Premise-depth disclosure: 'locale’ and 'interface' are unanalyzable primitives; the structural-realist ontology
is imported (Ladyman-Ross), not derived; the completion-to-background isomorphism is a pedagogical

unification, not a discovery; the paper proposes no dynamical theory of seams.
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1. Introduction: conditional truths and the locale

Physics pedagogy teaches statements as if they were unconditional: "the photon is massless," "energy is conserved,"

"spin is angular momentum," "the speed of light is constant," "entropy never decreases." Each of these statements is
true, and each is true only inside a locale --- a domain of applicability specified by a vacuum or symmetry sector, a
background geometry, a medium, an energy scale, or an observer frame. The vacuum photon is massless because gauge
invariance requires it; inside a superconductor the Anderson--Higgs mechanism makes a massive vector excitation; in a
plasma the longitudinal mode acquires a gap that functions as an effective mass; in a waveguide the cutoff does the

same. The statement "the photon is massless" is a conditional truth: Ly,. = m., = 0, with the locale made explicit.

This observation is not new; it is the working doctrine of effective field theory [4,5,28]. What this paper adds is the
claim that the conditional structure is not a defect or a footnote but the shape of physics itself, and that three familiar
distinctions --- conditional truth, the pedagogical map versus the ontological territory, and the interface between a
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substrate and an observer --- are the same distinction seen from three sides. The paper's core claim is deliberately

bounded. Its sharpest, most falsifiable assertion is:

C3 (interface underdetermination). An observer constrained to first-person observations inside a rendering
interface experiences the metric of the image space, not the metric of the substrate. No finite set of such
observations decides whether the substrate metric is Archimedean or ultrametric. The substrate metric is not
decidable from inside the interface; yet what cannot be decided can still be probed, because a rendering with

structure leaks structure.

The visual case of C3 was established in a companion record [6]; this paper generalizes it to arbitrary first-person
observation channels and embeds it in a framework with three sibling claims (C1 locale-conditionality, C2 map-
territory, C4 scale primitives) stated fully in Section 7. The framework's premises end at the primitives "locale" and
"interface"; the ontology it favors is imported, not derived; and its evidential weight is concentrated in C3, with the

honest accounting of the other claims given in Section 8.

2. The catalog of conditional truths

A locale is a specified domain of applicability: a choice of background, sector, scale window, medium, or frame such
that within it a given physical statement holds. Write £ - ¢ for "locale £ supports statement ¢." The catalog below is
representative, not exhaustive; each entry is a documented case where the statement is true in its home locale and fails

or transforms across a seam.

The photon mass. In the vacuum locale, gauge invariance forces the massless photon: any explicit mass term breaks
the unbroken U(1) symmetry and spoils renormalizability, and experiment bounds any residual mass by m., < 10718
eV. In the superconductor locale, the Anderson--Higgs mechanism produces a massive vector excitation; in the plasma
locale the plasmon dispersion w? = w2 + ¢*k? carries a gap interpretable as an effective mass, not Lorentz invariant
and frame-dependent; in the waveguide locale the cutoff frequency plays the same role; in 2+1 spacetime a Chern--
Simons term yields a topological mass without a Higgs field, though in 3+1 dimensions such a term is not gauge
invariant. The word "photon" itself is locale-indexed: the vacuum quantum is one thing, the dressed collective
excitation another. "The photon is massless" is the conditional truth Ly, I m, = 0; the interesting physics is at the

seam where the mass label changes.

Spin. "Spin is angular momentum" is true only in the locale of Noether's theorem, where it is the conserved charge of
rotational invariance. The pedagogical map --- a spinning charged sphere --- fails quantitatively (the surface velocity
required for the observed magnetic moment exceeds c for any radius below the classical electron radius; the
gyromagnetic ratio g = 2 + «/m + - - - disagrees with the classical prediction g = 1) and structurally (the electron is
pointlike to 107! m yet carries a fixed magnetic moment). The territory that transfers across locales is the
commutation algebra [S;, S;] = ihe;;xS) and its representation theory: the little-group classification of the Poincar\'e
group, SU(2) for massive particles, E(2) helicity for massless ones. In the condensed-matter locale spin is not even
conserved; it hybridizes with momentum in Rashba and Dresselhaus couplings and dissolves into spinons in spin

liquids.

Energy conservation. Energy is conserved in time-translation-invariant backgrounds (Noether); in the cosmological
locale the FLRW metric has no timelike Killing vector, and photon energy is drained by redshift without work. "Energy

. "o -
is conserved" is L. - E = 0.

The second law. Entropy never decreases for an isolated system; in open locales driven by external energy flow,
subsystem entropy can decrease locally, and fluctuation theorems permit transient violations in small systems. The law

is a statement about the total of a closed universe, not about every locale.
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Charge and mass. The electron charge is constant only at fixed momentum transfer; the renormalized coupling runs
with the energy scale of the probe, @ ~ 1/137 in the infrared Thomson locale and « ~ 1/128 at the Z scale; in the
quantum Hall locale quasiparticles carry fractional charge. The electron rest mass is fixed in vacuum; the effective
mass in a crystal locale can be 0.07m. or negative (holes); heavy-fermion locales renormalize it by orders of

magnitude.

The vacuum. The classical "empty vacuum" is a fiction: the QED vacuum is a medium of virtual fluctuations (Lamb
shift, Casimir effect), and the QCD vacuum is a condensate with nonzero expectation values. Even "empty" is locale-
relative.

The lesson of the catalog is not skepticism but structure: every law carries an implicit locale, and the seams ---
symmetry breakings, phase transitions, scale crossings, coarse-graining thresholds --- are where new physics lives [16].
The conditional-truth reading of laws has philosophical precursors [24,25]; effective field theory has made it
operational [4,5,28]. What the catalog adds is the systematic form: a physics statement is a pair (locale, content), and

physics is the study of how content transfers across seams.

3. Map and territory

The second move turns the catalog into an ontology. A pedagogical map is any image used to carry a law across a
seam: the spinning sphere for spin, the little billiard balls for thermodynamics, the rubber sheet for gravity. Maps are
not wrong; they are locale-bound. The territory is what actually transfers: the transformation law, the commutation

algebra, the gauge-invariant observable, the equivalence class of configurations under the symmetries of the locale.

The spin case is the cleanest worked example. The map (spinning sphere) fails quantitatively and structurally; the
territory is the projective representation of the rotation group --- the statement "under a 360-degree rotation the fermion
wavefunction acquires a minus sign" --- together with the algebra that makes it testable. Every classical intuition about
spin is a map; the transformation law is the territory. This is the map-territory discipline of the author's earlier

methodology record [7], applied to the metric question in Section 4.

What is the territory, ontologically? Three answers are available. Platonism says the territory is pure mathematical
structure existing independently; physicalism says it is substance beneath the relations; structural realism says it is the
relations themselves. This paper takes the structural-realist answer as a named imported premise, not a derived
conclusion [2], and engages its critics explicitly: the question whether there is a compelling argument for ontic
structural realism [21], the defense of epistemic structural realism against it [22], and the assessment of OSR within
quantum mechanics [20]. The framework's own contribution to this debate is the instantiation problem: if the territory
were pure mathematical structure, all consistent structures would be equally real, yet the actualized locale selects one

gauge group, one spacetime dimension, one set of couplings. The selection --- the "is instantiated" step --- is not
captured by the mathematics alone. The territory is therefore best described as invariant relational constraint,
actualized as process: the rulebook of how a system must transform when its locale shifts, enforced in measurement

outcomes. Mathematics is the language of that rulebook, not the rulebook’s existence.

Two qualifications keep this honest. First, the structural-realist reading is doing no evidential work in this paper; it is
the interpretive gloss on C2, and the falsifiability of the framework does not depend on it (Section 8). Second,
"invariant relational constraint" is itself a map: a philosopher of a different school can accept C1, C3, and C4 while

rejecting C2's ontology. The framework is built so that its ontology is the most replaceable part.
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4. The rendering interface

The third move is the paper's core. Consider a substrate space X with a metric of unknown type, and a rendering map
R : X — V into an image space V whose metric the observer experiences. The observer's evidence is generated
entirely inside V': apparent sizes, parallax, convergence, color, count --- whatever the rendering produces. The

experienced metric is the metric of V', not the metric of X.

The canonical example of a discontinuous, structure-preserving-in-spite-of-discontinuity rendering is the Monna map
[1]: the surjection from the p-adic numbers onto the reals obtained by reading the base-p digits of a p-adic number as a
real number in base p. The Monna map is discontinuous at every point; the discontinuity follows from the digit
definition (a p-adically convergent sequence —p™ — 0 maps to M(—p™) = p ™" — 00), not from any general
principle connecting disconnectedness to discontinuity --- the Cantor function is a continuous surjection from a totally
disconnected space [18]. Pitk\"anen's canonical identification is the same construction [27]; the mathematics of Monna-
type maps is an active external field [19].

The companion record [6] proved the visual case: an Archimedean substrate and an ultrametric substrate rendered
through a Monna-map-like interface produce identical first-person appearances --- apparent size, vanishing-point
convergence, and parallax are image-space quantities, and both substrates render into the same image space. The
underdetermination is exact: the metric of the substrate is not decidable from inside the interface. This paper
generalizes the claim from visual perspective to arbitrary first-person observation channels: any rendering that fixes the
image-space metric and hides the substrate metric behind it leaves the substrate metric undecidable by any finite set of
first-person observations, because all such observations are statements about V/, and the fiber of R over each observed

point is nonempty in both metric classes.
Three consequences follow.

Objects are clusters, not points. If individuation is partition-theoretic --- an object is a cluster in nested
neighborhoods --- then the objects of experience are image-space clusters, and their substrate identities are
underdetermined by construction. The experienced world is a rendering of an inaccessible substrate, and "object" is a
coarse-graining of the image space. This reframes the observer-self-location problem studied in a companion record

[13]: the observer inside the tree cannot locate herself in the substrate, only in the image.

The substrate question is not empty. Underdetermination does not license indifference. The constructive lineage is
explicit: a derivation of the continuum from distinction primitives produces the real line through a Monna-map-like
projection as its final step, and that step is lossy --- it creates non-computable reals that are projection artifacts [9,14].
The continuum we experience may be exactly such an artifact: the image-space metric of an ultrametric substrate. The
author's prior records on natural units [9], the Ostrowski reformulation [10], the physics-number-theory consilience

[11], and the measure-theoretic artifacts of the Archimedean place [12] develop this lineage in detail.

Structure leaks. The interface cannot be decided, but it can be studied from inside. A rendering with structure leaks
structure: discontinuities of the rendering map appear as seams in the image (the staircase in the visual case [6]);
artifacts of the projection are detectable as non-computable residue [14]; the failure modes of a rendering are
fingerprints of its construction. The probe principle is therefore: what cannot be decided can still be probed --- and
the probes themselves are falsifiable predictions of the framework (Section 8). External ultrametric-modeling literature
[23,26] suggests the probes are not merely mathematical: hierarchical structure in cognition and disease spread is
already modeled with ultrametric metrics, and the framework predicts that such models and Archimedean models can

be observationally equivalent at the level of first-person or coarse-grained data, differing only in their seams.
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5. Scale primitives

The fourth move strips units. In natural units ¢ = A = kp = 1, length and time have the same dimension and energy,

frequency, inverse length, and temperature all become comparable. Three statements then have exact content.

Frequency is a count. A cycle is a dimensionless winding number; a frequency is a count of cycles per unit reference
time, and in natural units the reference time is itself a count of reference cycles, so frequency is a ratio of counts --- a
rational number. The Compton frequency we = m (in natural units) is the Hamiltonian clock of a massive state, not a
thermodynamic one: it persists at T' = 0 because it is a phase rate, 1) ~ e ™, whereas the thermal frequency wy = T
vanishes at absolute zero. The distinction between the Hamiltonian clock and the thermal clock is not anthropocentric;
it is the distinction between count and derivative.

The fine-structure constant is a ratio. o = e /(4meghc) is dimensionless: a ratio of coupling strengths, expressible
without meters or seconds. Like frequency, it is a number-theoretic object, a point in QQ (or a finite extension), not a

feature of any particular metric completion.

Temperature is a derivative. Entropy is the primary count: S = In ) (or the von Neumann form); temperature is
secondary: 1/T = 0S/OE. Absolute zero is not the absence of energy but the absence of thermal mixing, 8 — oc.
The gravitational constant is likewise not primitive: in natural units G = ¢2, and black-hole entropy Sy = A/4G is

the statement "one bit of entropy per four Planck areas" --- a ratio, not a force constant.

Ostrowski's theorem [3] closes the argument: every nontrivial absolute value on @ is equivalent either to the
Archimedean absolute value or to a p-adic absolute value for some prime p. The real line R is therefore one
completion among many, the Archimedean place; the p-adic completions are equally valid metric completions. If the
natural observables are counts and ratios --- elements of Q --- then writing them as real numbers is a choice of place,
and the adelic ring Ag keeps all completions simultaneously. The physics is in dimensionless ratios (L/Ap, A/ Az, a,
Neycles), DOt in meters or seconds; the author's prior records derive exactly this conclusion from the Bekenstein bound

[9] and compile its consequences across fundamental equations [10,11,12].

6. The locale framework

The four moves assemble into one doctrine. Physics is a field theory over a background (locale); its observable content
is locale-relative; the pedagogical map is the image-space metric of a rendering interface whose substrate is
underdetermined from inside; and the natural observables are counts and ratios, which live in @Q, which has many
places. The Archimedean--ultrametric distinction is not a speculative alternative theory: it is the sharpest instance of the
general locale structure that effective field theory already embodies --- the validity domain of an effective theory is a

locale, and crossing a seam (decoupling, symmetry breaking, scale crossing) is the same operation as changing place.

The structural isomorphism between the EFT validity-domain hierarchy and the completion hierarchy must be labeled
honestly. It is a pedagogical unification, not a discovery: the isomorphism was assembled after the fact from
documented cases, carries no pre-registered prediction, and its evidential weight is therefore capped at retrodiction
(Section 8). What it buys is not evidence but economy: one vocabulary --- locale, seam, rendering, place --- for

phenomena that currently live in separate literatures.

Where the premises end: the framework takes "locale" (a specified domain of applicability) and "interface" (a map
from substrate to image space) as unanalyzable primitives, defined ostensively. It does not propose a dynamical theory
of seams --- it does not explain why locales change or which locales exist in nature. It does not claim the substrate is
ultrametric; it claims the substrate metric is undecidable from inside the interface, and that the decision is not needed
for the framework's testable content. It derives no new unit and no new completion. The novelty is bounded by the

depth of these premises, no more.
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7. The four claims
The framework is summarized in four claims, each with a falsification condition (Section 8):

C1 (locale-conditionality). Every physical statement is a conditional truth: it holds only relative to a specified locale,

and the physics lives at the seams. Status: a synthesis of documented cases [4,5,24,25,28]; restatement, not discovery.

C2 (map-territory). The pedagogical map is never the ontological territory; the territory is the invariant relational
structure that transfers across locale seams. Status: ontology imported from structural realism [2] with its critics

engaged [20,21,22]; replaceable without loss to the framework.

C3 (interface underdetermination). First-person observation inside a rendering interface cannot decide the substrate
metric --- Archimedean or ultrametric --- yet structure leaks, so the interface can be probed from inside. Status: visual
case established [6]; generalization to arbitrary channels is this paper's net-new core.

C4 (scale primitives). Natural observables are counts and ratios; the Archimedean real line is one completion among
many [3]; the physics is in dimensionless ratios. Status: restatement of standard metrology plus integration of prior
records [9,10,11,12].

8. Falsifiability register

Every claim above carries a concrete disconfirmation condition. These are the framework's testable commitments,

stated so that the framework can lose.

e F1 (against C1). Exhibit a physical statement that holds across all locale changes --- a law with no domain-of-
applicability seam --- or show that some canonical conditional truth has conditions that cannot be specified even in
principle. A background-independent quantum gravity in which "locale" cannot be articulated would stress C1 at
its deepest seam.

e F2 (against C2). Exhibit an empirically accessible consequence of substance beyond relations --- an intrinsic, non-
relational state with a measurable signature. No such signature is known; a confirmed one would refute the

structural-realist gloss.

e F3 (against C3). Exhibit a finite first-person observation protocol that decides the substrate metric class from
inside the interface: a perceptual probe that betrays a non-Archimedean substrate without any outside knowledge
of the rendering map. The probe-design question is open; the framework's strongest commitment is that no such
protocol exists, and the strongest known candidates (discrete apparent-size steps at exactly p-adic rationals; absent
smooth parallax) remain unruled-out but unproven [6]. This is the claim's positive evidential weight, and it is the
intended target of the next audit pass (Section 9).

» F4 (against C4). Exhibit a physical prediction that depends on the choice of units or the choice of completion --- a
unit-dependent or place-dependent observable. A confirmed unit-dependent prediction would refute the claim that
the physics is in dimensionless ratios.

The honesty register is explicit: C1 is a restatement; C2's ontology is imported; C4 is an integration; only C3 carries
positive evidential weight, and it is bounded by the interface/rendering primitives. No cross-domain correspondence in
this paper is claimed as independent evidence; the completion-to-background isomorphism of Section 6 is labeled
retrodictive by construction.

9. The next question

The framework's recursive question, in the sense of the methodology record [7], is: what would make the interface-
underdetermination claim physics rather than epistemology --- a derivation from a Hamiltonian or

measurement model of the rendering channel, rather than an argument from perception? The next pass must
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either answer this question or explicitly refuse it. A measurement-model formulation would define a rendering channel
as a stochastic map from substrate observables to image observables, characterize the fiber of observational
equivalence over the two metric classes, and state the minimal probe that separates fibers --- turning F3 from an open
question into a theorem or its refutation. The framework predicts the fiber is nonempty; it does not yet know its

geometry.
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