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Builds internally meaningful physical semantics before empirical calibration.

Status note. Build status reflects the current internal state of the Corpus. It does not imply external acceptance
unless explicitly stated.

1. What this step must build

The program must recover t-time, t-space, T-mass, t-energy, t-fields, t-observables, t-laws, and physical regimes
as internal structures before any empirical calibration.

By the end of this step:

« Each physical primitive — time, mass, energy, field, law, particle, observable — must be defined as a t-internal
object with t-internal proofs.

« Dimensional and semantic consistency must hold throughout; every quantity carries a t-native unit derived
from the kernel.

« Internal physics must be distinguished from empirical bridge — a sharp boundary between t-grammar (CS-05)
and SI translation (CS-06).

« The fiber/microcosm (T?, Book IV) and base/macrocosm (t?, Book V) must each be developed as halves of the
same E1 physics, united by the Hermetic Principle.

What cannot yet be assumed: SI units, dimensionful constants, measurement, observation, life.

2. The construction challenge

This step is hard for five interlocking reasons.

2.1 Define every physical primitive internally. Time, mass, energy, field, law, particle, observable each must be a
T-object — not a borrowed concept. The natural temptation is to treat the kernel as “where physics happens” and
bring in classical primitives. CS-05 must invert that: the primitives must be earned.

2.2 Preserve dimensional and semantic consistency. Every quantity must carry a t-native unit; no implicit SI
assumption. Energy must not be defined in joules, time must not be defined in seconds, until CS-06 makes those
bridges explicit.
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2.3 Distinguish internal physics from empirical bridge. The boundary between t-grammar (CS-05) and SI trans-
lation (CS-06) must be sharp. If it blurs, downstream empirical claims have nothing distinct to stand on.

2.4 Recover physical grammar without SI units. Internal constants are structural readouts of ._t and the carrier;
numerical projection is deferred to CS-06. The fine-structure constant must be derived as o = (121/225)-._t* before
it is numerically compared to CODATA.

2.5 Separate fiber/microcosm from base/macrocosm. Book IV (microcosm; fiber T?) and Book V (macrocosm; base
') are distinct halves of the same E1 physics. CS-05 must surface both — and the Hermetic Principle must declare
their union complete.

3. What Panta Rhei builds

The Corpus organizes internal physics as a semantic grammar carried by the kernel, distinct from measurement
bridge and external empirical validation. Step 5 instantiates the 4+1 sector template at E1 and earns each physical
primitive — time, gravity, particles, atoms, thermodynamics — as a t-internal object.

Two arcs traverse this physics:

« The Complexity Arc (Book IV; fiber T?) climbs from the neutron through atoms, chemistry, fluids, and compu-
tation.
+ The Force Arc (Book V; base t') descends from gravity through gauge forces and cosmology.

Both arcs share a common root — the Joint Core of Book IV Part I — and both are powered by a single constant:
LT = 2/(m+e).

The Joint Core — vacuum to hydrogen (Book IV Part I)
Ten chapters shared between Books IV and V — the prerequisite for both arcs. Starting from the 7> arena and the
defect-bundle formalism, the Joint Core establishes:

+ Photon as null transport.

« Neutron as the minimal stable defect bundle.

+ B-decay produces proton + electron + antineutrino.

« All five sectors are displayed in concert.

« Fine-structure constant is derived: o = (121/225) - 1_t* at 9.8 ppm precision.

« Neutron mass anchors calibration (structurally identified here; numerical anchor is CS-06 territory).
« Hydrogen closes the sequence as the first composite atom.

The ontic sequence is:
vacuum — neutron — (B7) — proton + electron + antineutrino — hydrogen.

Every subsequent chapter in Books IV and V builds on this foundation.

Quantum Mechanics as Address Obstruction (Book IV Part II)

Quantum mechanics is not a separate physical theory imported into t. It arises as address obstruction inside
the kernel: the inability to resolve certain compositions to a single canonical address forces the wave-function
structure. The t-framework’s QM is therefore t-internal — derived, not bolted on.

The four sector arcs at E, (Book IV Parts III-VII)
Each sector is a t-internal grammar, not yet calibrated to SI:

« Electroweak Arc (Part III) — EM/weak unification as sector readout.

« Strong Sector + Confinement (Part IV) — strong force as the y-sector arithmetic-mirror reading; the t-internal
QCD analogue.

« Particles, Generations, Nuclear (Part V) — three generations of fermions emerge from sector geometry; nuclear
physics readouts.

« Atoms, Chemistry, Molecular (Part VI) — atomic physics as carrier readout.

« Condensed Matter + Fluid Dynamics (Part VII) — bulk matter physics as readout structure.
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Time from t' (Book V Part I)

The base circle t* carries two generators (o Gravity, 1 Weak) and is the source of macroscopic time. Constructions:

« Proto-time = p-iteration depth (IV.D05); the structural arrow of time (IV.T01).

« Proper time = geodesic arc length along t* (Chapter 4 Proto-Chronos).

« Time arrow = a-orbit direction.

« Causality = orbit ordering.

« Bounded physical time = the base circle is compact; time has finite extent at each level.

« Three epochs = pre-temporal, temporal, post-temporal; the ignition condition at which proper-time readout
becomes well-defined.

« 3_now hypersurface = structural, not conventional.

» Cosmological redshift = refinement drift.

« Hubble parameter = orbit-depth readout.

When Book V Part I is complete, time, distance, causality, and the initial conditions of the universe have been
derived, not postulated, from the base 1.

Gravity Earned (Book V Part II)
Gravity is not a force that happens to exist; it is the fourth primitive holonomy sector of the boundary algebra
H_0[w], canonically determined by the generator a through the Generator—Sector Correspondence.

«+ The gravitational constant G = (c*/h) - 1_t* is not a fitted parameter — it is a coherence conversion invariant
derived from the torus vacuum shape ratio r/R = 1_t.

« The t-Einstein equation is not a partial differential equation on a background manifold. It is a boundary-character
identity R"H = x_t - T expressing curvature and matter as w-germs in the same holonomy algebra.

« Lorentz Without Minkowski (V.T14) — Lorentz covariance is derived as a theorem about readouts, not postu-
lated as an axiom about spacetime.

« The classical G_pv = (8nG/c*) - T_pv is recovered as the chart shadow of the t-Einstein identity.

+ Earned linear regime — Mercury’s perihelion, light deflection, gravitational redshift, gravitational waves — all
derived as linear readouts of the t-Einstein identity.

« Gravitational closing identity — a_G = o*® - V3 - (1 - (3/m)-a) ties the gravitational coupling structurally to the
fine-structure constant.

When Book V Part Il is complete, gravitational dynamics has been earned, not postulated, from the base t* and the
master constant 1_t.

Thermodynamic Inversion (Book V Part III)

What propagates: thermodynamic structure is derived from the base t* rather than postulated. The arrow of
time (CS-05 §Time) and the carrier’s analytic discipline (CS-04 Eight Guarantees / Harmonic) jointly determine
thermodynamic flow.

The Hermetic Principle

Fiber T? + base t* together exhaust t°, and therefore exhaust all E1 physics. When Book V is complete, nothing
physical remains unaccounted for at the structural carrier layer.

The Hermetic Principle is the closure statement of CS-05’s grammar work: the two arcs union to the complete E1
physics layer.

4. Why this matches the required answer-shape

Step 5 develops internal physical grammar at the carrier identified in CS-04. Its admissibility is evaluated against
the obligation to construct meaningful t-physics before any empirical claim.

Gluing. CS-05 inherits CS-04's E1 carrier + 4+1 sector template + spectral algebra + Hinge Theorem + Eight
Guarantees. The defect-bundle formalism (Book IV Part I) is the w-germ machinery (CS-01) instantiated at E1.
Time-from-t* uses the base circle of the ©* = 1' x T? fibered product (CS-04 Global Cartesian Gluing).

No-externalities.
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« No SI primitive. Internal constants are structural readouts; numerical projection deferred to CS-06.

« No imported QM. QM is t-internal address obstruction (Book IV Part II).

« No imported gravity. Gravity is the fourth primitive holonomy sector of H_d[w] (V.T11).

« No imported Lorentz. Lorentz covariance is a readout theorem (V.T14), not an axiom.

« No fitted constants. o = (121/225)-1_1% G = (c*/h)1_1% o_G = a**3-(1-(3/m)r) — all closed-form derivations.

Earned language. Every primitive (time, mass, energy, gravity, ...) is earned, not borrowed. The t-Einstein equation
is a boundary-character identity, not a postulate.

Internal standpoint. All physics-grammar claims are t-internal. Empirical adequacy is CS-06 territory; CS-05 stops
at the carrier-internal level.

Step gluing — what later steps does it enable.

+ CS-06 Measurement Bridges uses the closed-form constants ledger (every dimensionless ratio as a rational func-
tion of _t); calibrates via the neutron-mass anchor m_n; surfaces the running-vs-readout distinction (constants
are read out, not run).

+ CS-07 Recover Life uses the Joint Core’s chemistry/molecular substrate (Book IV Part VI) and the Parity Bridge’s
computational bootstrap.

« CS-09 Self-Host Formal Systems uses the proof-theoretic mirror over the now-fully-physical E1.

Bridge status. CS-05 is grammar, not measurement. The classical results (Mercury, light deflection, gravitational
waves) are recovered as chart shadows of t-internal identities. Empirical comparison with measured values is
CS-06.

Unresolved boundaries. CS-05 does not by itself settle:

« Sl translation of internal constants (CS-06).

« Empirical adequacy of any specific physical claim (CS-06).
« Life recovery (CS-07).

« Self-hosting or reflection (CS-08, CS-09).

These are explicit handoffs, not concealed gaps.

This is an internal construction claim, not external acceptance. Step 5 develops T-physics as a closed-form internal
grammar; reviewer scrutiny is invited via Books IV-V manuscripts, the Joint Core’s a derivation, the gravitational
closing identity, and the No Knobs Ledger from CS-04. The construction is claimed to be admissible relative to the
required answer-shape; it is not claimed to be externally settled.

5. Prior Art & Novelty Positioning
This section situates the construction step against the current bibliography and a dedicated prior-art scan. It does
not claim exhaustive coverage. It identifies the main scholarly clusters against which this step should be evaluated.

Cluster — p-adic / ultrametric / solenoidal physics

Relevant references:

« volovich1987padicstring — Volovich, p-Adic String (1987)

« khrennikov1997nonarch — Khrennikov, Non-Archimedean Analysis: Quantum Paradoxes, Dynamical
Systems and Biological Models (1997)

« dragovich2017padic30 — Dragovich, Khrennikov, Kozyrev, Volovich, Zelenov, p-Adic Mathematical Physics:
The First 30 Years (2017)

« koblitz1977 / schikhof1984 / robertam2000 — analytic infrastructure for non-Archimedean fields

What this prior art provides:

« The most developed external programme that takes ultrametric / non-Archimedean structure as a candidate
foundation for spacetime, strings, and observables at sub-Planck scales.

« Vocabulary for ultrametric distance, solenoidal / inverse-limit objects, and adelic completions that any internal
grammar recovering t-space must engage with.

Where Panta Rhei differs:
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« This cluster typically posits a non-Archimedean base field at the Planck scale and quantises on it. CS-05 claims
to recover t-space, including the analytic-vs-discrete continuum, from the kernel without choosing a base field
empirically.

« The Joint Core (vacuum — neutron — f-decay — hydrogen) and the Hermetic Principle are not features of the
standard p-adic programme.

Claimed novelty:

« To the program’s current knowledge, no external p-adic / ultrametric construction derives o to 10 ppm as
(121/225)-1_t* from internal structure.

Cluster — Categorical quantum mechanics & process-theoretic semantics

Relevant references:

« abramskycoecke2004 — Abramsky & Coecke, A Categorical Semantics of Quantum Protocols (2004)

« coeckekissinger2017 — Coecke & Kissinger, Picturing Quantum Processes (2017)

« heunenvicary2019 — Heunen & Vicary, Categories for Quantum Theory (2019)

« vandewetering2020zx — van de Wetering, ZX-calculus for the Working Quantum Computer Scientist
(2020)

« ishamdoering2008topos — Isham & Déring, topos-theoretic quantum theory series

What this prior art provides:

« Internal, structural semantics for quantum observables and processes — observables as morphisms in a dagger-
compact or topos-internal category, rather than as operators on a chosen Hilbert space.

« Demonstrates that non-trivial physics can be done inside an internal language without first calibrating against
laboratory units.

Where Panta Rhei differs:

« CS-05's “QM as address obstruction” is not equivalent to the dagger-compact or topos-internal stance: address
obstruction frames quantum behaviour as a structural feature of internal labelling, not as a choice of categorical
setting.

« t-fields and t-observables are claimed to inherit semantics from the t-kernel (CS-01-CS-03) rather than from a
separately chosen process category.

Claimed novelty:

« To the program’s current knowledge, categorical QM has not produced a closed identity for o at 10 ppm from
internal data alone, nor a closing identity tying gravitational coupling to the fine-structure constant.

Cluster — Dimensional analysis & the conceptual status of constants

Relevant references:

« levyleblond1977constants — Lévy-Leblond, On the Conceptual Nature of the Physical Constants (1977)

« duffokunveneziano2002 — Duff, Okun, Veneziano, Trialogue on the Number of Fundamental Constants
(2002)

« Sonin, Physical Basis of Dimensional Analysis — textbook reference

What this prior art provides:

« The threefold classification of constants (object / phenomenon / universal) and the open question of how many
genuinely independent dimensional constants a complete physics needs.

+ The canonical horizon for any pre-calibration grammar that wishes to talk about ¢, #, G without first choosing
a unit system.

Where Panta Rhei differs:

« CS-05 treats c, h, G as internally constructed boundary characters (e.g. G = (c*/h)-1_t°) rather than as Lévy-
Leblond Type-A or Type-B constants chosen by convention.

« The split between internal grammar (CS-05) and measurement bridges (CS-06) is sharper than in the standard
literature, which mixes conceptual and metrological constants.



Panta Rhei Research Program

Claimed novelty:

« To the program’s current knowledge, the closing identity a_G = a**v/3<(1 - (3/m)-o) is not an outcome any standard
dimensional-analysis classification predicts; it is offered as an internal claim pending external review.

Cluster — Continuum recovery from a discrete substrate

Relevant references:

« carlip2024causalsets — Carlip, Causal Sets and an Emerging Continuum (2024)

« oriti2024quantumgravity — Oriti et al., Quantum Gravity, Hydrodynamics and Emergent Cosmology
(2024)

« pohlmann2024mereological — Pohlmann, Mereological Models of Spacetime Emergence (2024)

What this prior art provides:

« The active 2024-2026 horizon for “can a continuum be recovered from discrete data, and if so by what
mechanism?”

« Causal sets, group field theory, tensor models, and quantum lattice models all attempt this; controlling the
continuum limit is the central open problem.

Where Panta Rhei differs:

+ CS-05 claims continuum recovery via the analytic-vs-discrete distinction internal to the kernel and via sole-
noidal / ultrametric structures, with t* proper-time = geodesic arc length emerging as part of the recovery.

« This differs from causal-set sprinkling, GFT condensate, or lattice-spacing limits in that no external limit
parameter is tuned; the continuum is read off from internal completion data.

Claimed novelty:

« To the program’s current knowledge, no external programme in this cluster has produced a closed-form identity
for a at 10 ppm or a closing identity for o_G as part of continuum recovery.

Cluster — Noncommutative geometry & spectral triples

Relevant references:

« connes1994 — Connes, Noncommutative Geometry (1994)
« connes1999 / connesmoscovicil995 — local index machinery
« connesmarcolli2008 — Connes & Marcolli, NCG, Quantum Fields and Motives (2008)

What this prior art provides:

« The most developed existing route from “geometry as algebra of observables” to recognisable physics: spectral
triples encode metric data; the spectral-action principle recovers the Standard Model up to phenomenological
inputs.

« The natural comparative foil for any claim that fields, observables, and laws can be read off from internal
algebraic structure.

Where Panta Rhei differs:

« Panta Rhei does not encode physics in a spectral triple over a chosen almost-commutative manifold; t-fields and
T-observables are claimed to be inherited from kernel-internal addressing rather than chosen as a Dirac operator.

« The t-Einstein equation is presented as a boundary-character identity — a structural assertion about 1-
grammar — rather than as a least-action stationary point of a spectral action.

Claimed novelty:

« To the program’s current knowledge, the “Lorentz Without Minkowski” theorem and the Gravity-Earned
holonomy-sector reading are not equivalents of Connes’ derivations; they sit alongside spectral-triple work as
a different carrier of internal physical structure.

Cluster — Internal / natural units and the “before-calibration” stance
Relevant references:

« levyleblond1977constants / duffokunveneziano2002 — also anchor Cluster C
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« Wilczek, Absolute Units I-IV (Physics Today, 2005-06) — secondary
«+ Trinhammer & Bohr, Beyond Planck (2024 preprint) — relevance to verify

What this prior art provides:

« The long-running discussion of whether natural / Planck units have intrinsic meaning or are conventional, and
the recurrent finding that there is no unique natural system of units — with G in particular sitting awkwardly
across the constant taxonomy.

Where Panta Rhei differs:

« CS-05 claims a stronger position than “Planck units are convention”: t-time, t-space, t-mass, T-energy are
constructed internally and only then mapped to laboratory units in CS-06.

« The closing identities (a, a_G, G expressed via 1_t?) are presented as boundary characters of t-grammar, not as
choices of unit system.

Claimed novelty:

« To the program’s current knowledge, the closest external horizon is the Lévy-Leblond — Duff-Okun-Veneziano
line on dimensionless constants, but no external natural-units treatment provides a closed-form ledger of
dimensionless ratios as rational functions of a single internal constant ._t = 2/(rt+e).

Inspection route

« Bibliography clusters: ultrametric-continuum, categorical-quantum-mechanics, dimensional-constants-taxon-
omy, continuum-from-discrete, noncommutative-geometry, internal-natural-units.

« Registry / TauLib / Verify: see right-rail metadata (I.D34, 1.D95, .D99; TauLib.Bookl.Measure; Domain Verifica-
tion: Physics; Predictions and Falsification).

Status

« Internal construction claim.
« Prior-art scan: initial (2026-05-04).
« External review pending.

Verification Modes

« internal law-structure checks
« dimensional consistency

« physics bridge preparation

Bridge Checks

« Check that internal physical grammar exposes unit structure, lawfulness, and sector closure before empirical
calibration begins.

Empirical Checks
_No direct empirical check is declared at this step. Empirical accountability is concentrated at Step 6 (Measurement,
Prediction, and Empirical Bridges); the program’s full empirical surface is at Predictions and Falsification._

Current build status
Partially built; empirical bridge pending

What this step does not yet establish

Internal tau-physics is not yet empirical adequacy. Measurement, calibration, and falsification belong to Step 6.

Unresolved Frontiers

« Internal tau-physics remains distinct from observation-facing accountability until measurement bridges are
explicit.

Spine navigation
« Previous: Step 4 — Identify the Physical Carrier
« Next: Step 6 — Build Measurement, Prediction, and Empirical Bridges
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