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Abstract

Panta Rhei (“everything flows”) is a research programme that proposes a single categorical
structure—Category 𝜏—as a generative backbone shared by mathematics, physics, life, and metaphysics.
This Conspectus is a self-contained, single-sitting reading of the seven-book series (approximately
3,250 typeset pages, 535 chapters) and the companion Lean formalization (TauLib, approximately
4,332 theorems across 445 modules, with four disclosed custom axioms and three retained Book VII
performative sorry declarations that this Conspectus names in §12).

The programme is specified by seven axioms K0–K6 on five generators {𝛼, 𝜋, 𝛾, 𝜂, 𝜔} and one
progression operator, pinned by the master constant 𝜄𝜏 = 2/(𝜋 + 𝑒). From this kernel, the calibration
cascade L0 → L4 routes dimensionless identities into the SI through a single measurement anchor (the
neutron mass 𝑚𝑛), so that every entry in the 209-page Physics Ledger—67 zero-parameter dimensionless
predictions and a named Falsification Pack N1–N30 across ten experimental programmes—is determined
by (𝜄𝜏, 𝑚𝑛).

The Conspectus walks the full seven-book arc, states what the programme commits to,
discloses its formal trust budget, and closes with how a reader can verify any claim and
engage further. All quantitative statements carry one of four scope labels: [Established], [𝜏-
Effective], [Conjectural], [Metaphorical].
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PART I

The Problem and the Posit

1. Where foundations stand today

“You cannot step into the same river twice, for other waters are continually flowing on.”
— Heraclitus of Ephesus, c. 500 BCE [1]

Twenty-five centuries ago Heraclitus proclaimed Π𝛼𝜈𝜏𝛼 𝜌𝜀𝜄—everything flows. Parmenides countered that
only Being exists; Plato sided with Parmenides; and the ontological default of Western thought has ever since
been objects before relations. The programme summarised here inverts that default. Before we can say why,
it helps to remember how the current foundations look in the first decades of the twenty-first century.

Mathematics: an armistice, not a solution
The twentieth century opened with a crisis. Frege’s Grundgesetze[2] was shattered in 1902 by Russell’s
paradox[3]. Three rescue programmes—logicism, formalism, intuitionism—each failed on their own terms.
Gödel’s incompleteness theorems (1931)[4] closed the Hilbert programme definitively. What remained was
not a solution but an armistice: Zermelo–Fraenkel set theory with Choice (ZFC), a negotiated settlement
whose structural features are, by now, well understood:
• Non-categoricity. By Löwenheim–Skolem, ZFC admits models of every infinite cardinality, including

countable ones in which “the reals” are countable. ZFC does not pin down a single mathematical universe.
• Independence. The Continuum Hypothesis, the Axiom of Choice in its stronger forms, large-cardinal

axioms, and many questions of ordinary mathematical practice are independent of ZFC [5, 6].
• Axiom-by-choice. Foundation, Choice, Power Set, Replacement: each is selected for its consequences,

not derived from a more primitive structural constraint.
Seven Millennium Problems[7] were announced by the Clay Institute in 2000. A quarter-century later only

the Poincaré Conjecture has been resolved, by techniques (Ricci flow) imported from differential geometry [8].
None of this is unknown; what is perhaps worth naming is the pattern: the deepest open questions of modern
mathematics are not problems of technique. They are symptoms of a framework in which the load-bearing
objects—sets of real numbers, smooth manifolds, L-functions—are named before the structural relations that
would determine their properties are laid down.

Physics: nineteen free parameters and two unreconciled pillars
Physics faces a parallel structural situation. The Standard Model of particle physics, confirmed to extraordinary
precision, contains roughly nineteen free parameters: six quark masses, three charged-lepton masses, four
CKM mixing parameters, three gauge couplings, the Higgs mass and vacuum expectation value, and the
QCD vacuum angle. These are not derived; they are measured and inserted. The Standard Model does not
answer “why the electron mass is 0.511 MeV,” nor “why 𝛼 ≈ 1/137.”

Gravity and quantum field theory remain difficult to reconcile in a single, fully predictive, non-perturbative
framework. Candidate programmes (string theory, loop quantum gravity, causal dynamical triangulations)
each contribute insight; extracting unique low-energy predictions continues to be the central challenge, and in
several cases the relevant model space is very large.

Cosmology supplies a third open front. ΛCDM fits large-scale structure well if one posits dark matter
(∼ 27% of cosmic energy density) and dark energy (∼ 68%). After four decades of direct-detection
campaigns, no dark-matter particle has been found; the Hubble tension (4–6𝜎 between early and late-universe
determinations of 𝐻0) has not converged on a systematic or a new-physics resolution.
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What the two crises share
It is worth being careful here. Neither ZFC nor the Standard Model is broken; both are remarkable
achievements whose predictive power within their scope is not in doubt. What they share is a structural
posture—the one Heraclitus warned against—of taking objects as primary and relations as secondary. In this
view, the universe consists of things (particles, fields, sets, numbers) whose existence is logically prior to any
relation they enter into. Category theory [9] proposes the opposite orientation: morphisms (relations) are
primary; objects are merely the nodes from which morphisms depart and at which they arrive. Two objects
are “the same” not when they share an intrinsic essence but when they relate to everything else in the same
way—when they are isomorphic.

If the right categorical structure turns out to encode both mathematical foundations and physical dynamics,
then unification is not a problem to be solved by adding new objects; it is a consequence to be derived from
the structure one already has.

The question becomes: what categorical structure would one need?

That is the question the seven-book series takes up, and that this Conspectus summarises. Section 2 introduces
the programme’s answer: Category 𝜏, specified by seven axioms on five generators and calibrated by a single
dimensionless constant 𝜄𝜏 = 2/(𝜋 + 𝑒).

2. The Panta Rhei posit
The programme is specified by four things: a signature listing what the theory is about; seven axioms
constraining how those things compose; one algebraic input, the master constant 𝜄𝜏; and a calibration
cascade that carries dimensionless identities through to SI measurements via one experimental anchor. The
rest of this Conspectus is a walk through what each of those commitments entails.

Signature: five generators, one operator
Definition 2.1 (Signature Σ𝜏).

Σ𝜏 = ( 𝛼, 𝜋, 𝛾, 𝜂, 𝜔 ; 𝜌, < )

consisting of five generators {𝛼, 𝜋, 𝛾, 𝜂, 𝜔}, a unary progression operator 𝜌, and a strict order <.

The axioms below specify a first-order (Lawvere-algebraic) theory 𝑇𝜏 over Σ𝜏; Category 𝜏 denotes the
syntactic category Syn(𝑇𝜏)—equivalently, the classifying topos Set[𝑇𝜏] in the sense of Mac Lane–Moerdijk [10].
A 𝜏-model is a finite-limit- preserving functor Syn(𝑇𝜏) → Set. We use “Category 𝜏” and 𝜏0 interchangeably
for the distinguished initial model when context makes the choice unambiguous.

The five generators are not arbitrary labels. Each carries a distinct operational signature; the programme
classifies them by their behaviour under products and wedges, not by the name one attaches to them
(label-independence, Book I). Once the classification is complete, the generators align with five physical roles
that Book IV and Book V later exhibit as bridge-classes:

Generator Category-𝜏 role Physical bridge

𝛼 radial, scaling, time-like gravity
𝜋 solenoidal, rotational weak interaction
𝛾 solenoidal, rotational electromagnetism
𝜂 solenoidal, rotational strong interaction
𝜔 unique fixed point of 𝜌; boundary Higgs / closure

The four-and-one split (one radial, three solenoidal, one fixed) is the structural reason the programme ends
up with four gauge forces and a Higgs-type closure, rather than treating that count as an experimental
accident. The specific assignment (𝛼 = gravity, 𝜋 = 𝑊, 𝛾 = 𝐸𝑀, 𝜂 = strong, 𝜔 = Higgs) was fixed by an
internal consistency check (locked 2026-02-16 and subsequently Lean-certified); we return to it in Section 6.
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Seven axioms, not nine

The theory 𝑇𝜏 is specified by seven axioms, K0–K6. They are not pragmatic choices in the ZFC manner but
structural constraints: each K𝑖 eliminates a degree of freedom that would otherwise admit non-isomorphic
models.

Axiom Name What it pins down

K0 Distinctness The five generators are non-isomorphic.
K1 Strict Partial Order < is well-founded and compatible with 𝜌.
K2 Minimum A unique 𝜌-minimum exists.
K3 Progression 𝜌 is a successor below the top.
K4 Closure at 𝜔 𝜔 is a unique fixed point.
K5 Crossing Rule Products of solenoidal generators close within the solenoidal sector.
K6 Fibre Induction Fibres are generated by the progression.

Theorem 2.2 ([Conjectural] Initial Model (Programme Claim)). The theory 𝑇𝜏 admits an initial model
𝜏0 in its category of models: every 𝜏-model receives a unique structure- preserving map from 𝜏0.

Scope. This is a weaker and honest statement than “categoricity up to isomorphism”. Any first-order theory
with an infinite model has non-isomorphic models by Löwenheim–Skolem; what the programme claims
instead is initiality—the existence of a distinguished model that every other model interprets. This is the
natural-numbers- object style of rigidity found in toposes [10, 11], not the first-order categoricity that ZFC
was never going to have. A full model-theoretic metatheory (consistency, initiality proof, independence from
ZFC) is deliberate future work.

This is the structural contrast to ZFC. Where ZFC tolerates many non-isomorphic infinite models and
leaves the “intended universe” to mathematical custom, the programme picks out a distinguished initial
𝜏-model by construction, and treats foundation-building as a reconstruction problem inside that initial model.

One algebraic input: 𝜄𝜏 = 2/(𝜋 + 𝑒)

From 𝑇𝜏 a single dimensionless constant emerges:

𝜄𝜏 = 2
𝜋 + 𝑒

= 0.341304 238875 …

The numerator 2 is the 𝛼–𝜔 duality (beginning and end); the denominator 𝜋 + 𝑒 combines the lemniscate
circulation 𝜋 with the exponential progression 𝑒. Two partners travel with it:

𝜅𝐷 = 1 − 𝜄𝜏 ≈ 0.658696 , 𝜅𝜔 = 𝜄𝜏
1 + 𝜄𝜏

≈ 0.254452 .

In Book I these are internal consequences of the kernel; in Book V they become the Damping and W inding
partners that govern gravity and the cosmological sector.

The calibration cascade

The programme’s architecture for connecting the kernel to experiment is a five-level cascade. We name it
here because every later section refers to it:
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Level What lives here Contents

L0 Algebra kernel identities 𝜄𝜏, 𝜅𝐷, 𝜅𝜔, continued-fraction window sums
𝑊𝑘(𝑛)

L1 Dimensionless 67 closing identities 𝛼 = (121/225) 𝜄4
𝜏 ; 𝑅 = 𝜄−7

𝜏 −
√

3 𝜄−2
𝜏 closing to

the neutron/electron ratio 𝑚𝑛/𝑚𝑒; Koide-type
ratios; coupling-unification ratios; 𝑛𝑠, 𝑟, etc.

L2 Anchor one SI measurement is consumed the neutron mass 𝑚𝑛 = 1.674 927 × 10−27 kg
L3 SI-anchored SI-bearing readouts 𝑚𝑒, 𝐺, 𝑚𝑃, ℏ, 𝑘𝐵, 𝜀0 via the rescaling functor

𝑀SI = 𝑅𝑀[𝑀𝜏]
L4 Verification experimental programmes atomic spectroscopy, cosmology, the 30-item Fal-

sification Pack

The cascade has two architecturally distinct inputs. L1 is derived from 𝜄𝜏 alone, with zero additional free
continuous parameters; every entry there is a closed-form identity pinned by the kernel. L2 consumes exactly
one experimental number, 𝑚𝑛, and does so once—the rescaling functor then propagates that anchor through
L3 into the full set of SI readouts.

Scope. The discrete-choice budget. “Zero free continuous parameters” is a meaningful but precise claim,
and the Conspectus distinguishes it from “zero discrete structural choices”. The 67 L1 closing identities
involve a combinatorial library of rational prefactors and window-sum indices (e.g. 121/225 = (11/15)2 for 𝛼;√

3 for 𝑅; 2/57 = 2/(3 ⋅ 𝑁𝑒/2) for 𝑛𝑠; the exponents −7, −2, 4; the continued-fraction windows 𝑊3(4) = 5
for generation count, 𝑊5(3) = 19 for inflation 𝑒-folds, 𝑊4(3) = 18 for NNLO coupling). Each such choice is
justified inside Books IV and V from the kernel signature and the generator classification; they are derived
rather than fitted. The Physics Ledger (Chapter 58a, §68.A) audits every integer choice line by line. Readers
encountering the programme for the first time should understand that the discrete-choice budget is non-empty
but also entirely tabulated; there is no hidden continuous dial.

Scope. The fit-space objection, confronted. Any theory that expresses physical constants through short
algebraic combinations of 𝜋, 𝑒, and small rationals must answer the fit-space / numerology critique: in a search
space of simple expressions, matching a target to several decimal places by coincidence is not uncommon.
The programme’s two-part response is: (i) 𝜄𝜏 = 2/(𝜋 + 𝑒) is not found by search over a fit space—it is
the unique closing value of the kernel axioms K0–K6 (Book I), in the sense that no other value admits
simultaneous (𝛼, 𝜔)-duality and 𝜋-orbit progression; (ii) the 30 named falsification seams of the Falsification
Pack (Section 11) are publishing forward predictions at experimental precision, which Bayesian update
against a fit-space prior is designed to separate. The full prior-probability calculation—how many simple
algebraic combinations hit each target to the residual we observe, versus how many hit 30 named forward
predictions on a single window—is developed in the Book I “fit-space argument” and is available online at
panta-rhei.site/results/predictions/fit-space-argument/. The Conspectus states the calculation
exists; it does not reproduce it.

The programme does not claim “zero free parameters” in the dimensional sense; combining the cascade’s
inputs with the discrete-choice disclosure, it claims:

Theorem 2.3 ([Conjectural] Calibration Sufficiency (Programme Claim)). Given 𝜄𝜏 = 2/(𝜋 + 𝑒) as
the dimensionless kernel posit, the discrete-choice library disclosed above, and 𝑚𝑛 as the single SI anchor,
every entry in the Physics Ledger—67 dimensionless identities at L1 and the derived SI constants at L3—is
determined. No additional free continuous parameter is introduced at any stage.

That is the claim Part III of this Conspectus (the Physics Ledger at a glance, the Falsification Pack, and
the TauLib trust budget) is organised around. The claim is strong; it is also falsifiable, in thirty named ways
and on a 2025–2035 timeline. We will meet each of those in Section 11.
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How to read this Conspectus
Scope. Every quantitative statement in what follows carries one of four scope labels: [Established] (classical,
independently established), [𝜏-Effective] (derived inside the programme on the calibration cascade),
[Conjectural] (structural claim not yet fully derived), [Metaphorical] (philosophical or analogical, not
formally a theorem). Unmarked statements are expository.

Part II walks the seven books as one argument (roughly two pages each). Part III states the numerical,
experimental, and formal commitments the programme actually makes. Part IV is a single-image synthesis.
Part V is a reader’s map: how to verify any claim and how to engage further. Links to the public website
panta-rhei.site and to the seven books are offered as further reading; this Conspectus is self-contained,
and nothing downstream requires leaving the document.

PART II

The Seven Books as One Argument

3. Book I — Categorical Foundations

Book I (461 pp., 12 parts, 83 chapters) is the constructive heart of the programme. It introduces Category 𝜏
as a candidate foundational universe and develops an internal reconstruction of what classical practice calls
“sets,” “arithmetic,” and “geometry.” Its goal is not to extend ZFC but to replace the operational posture
that ZFC inherited: to build mathematics from relations rather than from pre-named objects.

Label-independence and internal reconstruction
The central move of Book I is label-independence: generators are classified by their behaviour under the three
operations (𝜌, ×, ∧), never by the name written on them. The classification yields exactly five equivalence
classes—one radial (𝛼), three solenoidal (𝜋, 𝛾, 𝜂), and one fixed-point (𝜔). This is the structural reason the
programme ends up with the (4+1) split that Book V later exhibits as four gauge forces plus a Higgs-type
closure.

Once the signature and axioms K0–K6 are in place, the familiar machinery is recovered inside 𝜏:
• Arithmetic. The orbit ℕ𝜏 = {𝜌𝑛(𝛼) ∶ 𝑛 ∈ ℕ𝜏} carries product and wedge. The Peano axioms emerge as

theorems, not as postulates.
• Sets. A 𝜏-topos is built by taking the category of 𝜏-objects together with its internal logic (following

the standard topos-theoretic practice of [10, 11]). Classical set-theoretic practice is recovered where it
coincides with what is computable inside 𝜏; non-computable pathologies (Banach–Tarski decompositions,
non-measurable sets, large cardinals) do not arise because they have no 𝜏-construction.

• Geometry. A Tarski-style Euclidean development runs inside 𝜏 by taking the 𝛼- and 𝜋-orbits as radial
and angular directions. Coordinates are derived, not imposed.

The master constant emerges
The calibration constant 𝜄𝜏 is not an additional axiom; it is the unique closing value that makes the kernel
self-consistent under the duality exchanging 𝛼 with 𝜔 and 𝜋 with its combined solenoidal-sector closure:

Proposition 3.1 ([𝜏-Effective] Closing value of the kernel). 𝜄𝜏 = 2/(𝜋 + 𝑒) = 0.341304 238875 … is the
unique value at which the (𝛼, 𝜔)-duality and the 𝜋-orbit progression close simultaneously in 𝜏.

Its continued-fraction expansion 𝜄𝜏 = [0; 2, 1, 13, 3, 1, 1, 1, 42, …] is not merely a curiosity: Book IV’s
window sums 𝑊𝑘(𝑛) (sums of 𝑘 consecutive partial quotients starting at index 𝑛) are the combinatorial
invariants that later bind to particle-generation counts—for instance 𝑊3(4) = 5, 𝑊3(3) = 17, 𝑊4(3) = 18,
and 𝑊5(3) = 19 = 𝑁𝑒/3, the last certified in TauLib/BookIV/Electroweak/WeinbergNLO.lean:292.
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Categoricity as programme goal, not as theorem

Scope. Book I advances categoricity of 𝑇𝜏 (Theorem 2.2, scope [Conjectural]) as a programme claim: the
objective is a single model up to isomorphism, and the construction proceeds as though that were the case.
The full metatheory—models, independence, consistency relative to ZFC—is a deliberate future companion.
The Conspectus calls this out so that no reader conflates the achieved internal-reconstruction work of Book I
with a completed foundational-independence proof.

What Book I closes

Book I ends with the statement that every later book can be read as an expansion of constructions already
available at this foundational level: holomorphy (Book II) as a theorem about 𝜏’s fibration structure; the
spectrum (Book III) as a theorem about the universal operator; physics (Books IV–V) as the calibration
cascade departing from 𝜄𝜏; life (Book VI) and metaphysics (Book VII) as the ascent up the enrichment
ladder E0 → E1 → E2 → E3. The seven books are not topically independent essays; they are consecutive
consequences of one structural posit.

Read next (optional further reading, all contained in this Conspectus for self-study)
– Site: /framework/mathematics/ (the E0 layer overview); /results/world-readout/mathematics/ (what the

foundations make true on the programme’s own reading).

– Physics Ledger: Part I anchors; cascade level L0 (algebra) in Chapter 58a.

– Lean: TauLib/BookI/Kernel/* (axioms, generators, operations); Book I formalisation coverage approximately
87%.

4. Book II — Categorical Holomorphy

Book II (484 pp., 12 parts, 71 chapters) gives Category 𝜏 a shape. Where Book I constructs the algebraic
kernel, Book II equips that kernel with a fibration and a boundary, and proves the Central Theorem that
organises everything downstream: the bulk geometry of 𝜏 is determined by character data on a one-dimensional
boundary.

The fibration and its boundary

The categorical spacetime of the programme is a fibration with three-dimensional total space:

𝜏3 = 𝜏1 ×𝑓 𝑇 2

Here 𝜏1 is the radial base (the 𝛼-orbit extended to a one-parameter progression) and 𝑇 2 = 𝑆1 × 𝑆1 is the
solenoidal fibre (the quotient of the three 𝜋-, 𝛾-, 𝜂-orbits by the crossing rule K5). The fibre is a two-torus,
not a sphere: 𝜒(𝑇 2) = 0. That is the topological reason magnetic monopoles do not arise, and one of the
structural reasons particle generations come in exactly three.

The boundary is the lemniscate:

𝕃 = 𝑆1 ∨ 𝑆1 (two circles joined at a single point),

whose fundamental group is the free group on two generators: 𝜋1(𝕃) = 𝐹2. The lemniscate carries the
programme’s reading of the (𝛼, 𝜔)-duality geometrically: one loop for each polarity, glued at the unique fixed
point 𝜔.
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The Central Theorem
Theorem 4.1 ([𝜏-Effective] Central Theorem (Book II)). The ring of holomorphic operators on the bulk
is isomorphic to the spectral character algebra on the boundary:

𝒪(𝜏3) ≅ 𝐴spec(𝕃)

Equivalently: a holomorphic function on 𝜏3 is determined by its values on characters 𝜒 ∶ 𝜋1(𝕃) → ℂ×.

The Central Theorem is a bulk–boundary correspondence: the entire holomorphic structure on the three-
dimensional bulk is pinned down by one-dimensional boundary data. The statement is reminiscent of
AdS/CFT-style holography, but it is entirely internal to 𝜏 and does not rest on a bulk gravitational action
or a boundary CFT. It is a theorem of the kernel, certified on the Lean side through Book II of TauLib; a
standalone companion paper (v4-senior-director synthesis, 209 KB) walks the full derivation.

Why this is load-bearing for the later books
Once the Central Theorem is available, everything that follows is organised by it:
• Book III (Spectrum). The universal operator 𝐻∞ = 𝜄2

𝜏 ΔHodge is built on the character algebra 𝐴spec(𝕃).
The irreducible (×, ∧) tension lives at 𝕃 and is spectrally decomposed there.

• Book IV (Microcosm). Quantum mechanics is fibre physics on 𝑇 2. The three particle generations are
𝜒(𝑇 2) = 0 decompositions in disguise.

• Book V (Macrocosm). Gravity and cosmology are base physics on 𝜏1. The cosmological sector is the
𝜅𝐷, 𝜅𝜔-dressed base dynamics; black holes correspond to the boundary 𝕃 re-appearing inside the bulk as a
horizon (see Section 8).

• Book VI (Life). Stable endomorphisms of 𝜏3 that preserve the boundary distinction generate the life
sector; the lemniscate appears again as horizon topology.

Four structural predictions already visible
Even before we descend to the calibration cascade, the geometry alone yields four structural predictions:

Prediction Source in Book II Scope

No magnetic monopoles 𝜒(𝑇 2) = 0 [𝜏-Effective]
No proton decay 𝜋1(𝕃) = 𝐹2, winding inv. [𝜏-Effective]
Black-hole horizon topology 𝑇 2 boundary → horizon lift [𝜏-Effective]
Bulk holomorphy from 1D boundary data Central Theorem [𝜏-Effective]

The first two are binary falsifiers at L4 (Falsification Pack entries N8 and the monopole seam); the third is
a named gravitational-wave ringdown signature (N24); the fourth is a foundational statement the programme
stakes without a measurement partner.

Read next (optional further reading, all contained in this Conspectus for self-study)
– Site: /framework/mathematics/ (holomorphy and boundary modules in the E0 layer).
– Physics Ledger: the bulk–boundary correspondence appears as the geometric foundation of the cascade

(Chapters 58, 58a).
– Lean: TauLib/BookII/Holomorphy/*; Book II formalisation approximately 80%.

5. Book III — Categorical Spectrum
Book III (415 pp., 9 parts, 76 chapters) is the programme’s drama. Books I and II supplied the stage and its
geometry; Book III identifies the primordial tension of that geometry and traces how it organises large tracts
of mathematics via the spectrum of one universal operator.
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The (×, ∧) tension
Two operations live on the kernel:

product × and wedge ∧ .

The 𝛼-orbit carries multiplication and exponentiation on indices; the solenoidal orbits (𝜋, 𝛾, 𝜂) carry addition
and multiplication. The two regimes are not interchangeable: 𝛼𝑚 × 𝛼𝑛 = 𝛼𝑚𝑛 while 𝛼𝑚 ∧ 𝛼𝑛 = 𝛼𝑚𝑛 , and
the analogous wedge does not distribute over the solenoidal product in the same way. This asymmetry is
irreducible: no coordinate change makes it disappear. Book III calls it the (×, ∧) tension and takes it as
the seed of what mathematics experiences, much later, as the difference between discrete and continuous, or
between multiplicative and additive arithmetic.

The universal operator
The (×, ∧) tension is made spectral. On the character algebra 𝐴spec(𝕃) supplied by the Central Theorem,
there is a uniquely distinguished operator:

𝐻∞ = 𝜄2
𝜏 ΔHodge

where ΔHodge is the Hodge Laplacian built from the 𝜏-de Rham complex and 𝜄2
𝜏 is the coupling factor

pinned by the closing value of Book I. The spectrum of 𝐻∞ is discrete, positive, and orbit-labelled; its
eigenfunctions organise the programme’s reading of every major open problem in “mainstream” twentieth-
and twenty-first-century mathematics. Book III calls the eigendecompositions the spectral fronts.

Eight fronts: seven Millennium Problems and Langlands
Book III proposes that seven named spectral fronts correspond to the seven Clay Millennium Problems, and
that an eighth (Langlands) is a unifying correspondence across them. The claim is strong and carries clear
scope:

Front 𝜏-programme stance Scope

P vs NP separation at the (×, ∧) discontinuity [Conjectural]
Riemann Hypothesis character-orbit positivity on 𝐴spec(𝕃) [Conjectural]
Poincaré (resolved, 2003) recovered inside 𝜏 from the 𝑇 2-fibre [Established]
Hodge Conjecture algebraicity of 𝐻∞-eigenclasses [Conjectural]
BSD 𝐿-function as character generator [Conjectural]
Yang–Mills mass gap Δ ≥ 𝑐𝐺 𝜄4

𝜏 lower bound [𝜏-Effective]
Navier–Stokes smoothness boundary-regularity on 𝕃 [Conjectural]

Langlands (unifying) 𝐻𝜌 = 𝐻𝜋 on 𝐴spec(𝕃) [Conjectural]

Scope. “Resolve” here means inside the programme on its own reading; Book III does not assert classical
resolutions of the remaining six problems. What it does claim is that the spectrum of 𝐻∞ supplies an
organising principle in which these problems appear as structural consequences of the same kernel tension—that
is, they are not independently difficult inside 𝜏; they are aspects of the same spectral question.

Why one operator, not eight
The central move of Book III is to take a well-established complaint of twenty-first-century mathematics—that
the Millennium Problems look unrelated—and argue that the appearance of disconnection is an artefact of
the objects-before-relations posture. On a single character-algebra the eight fronts are the same family of
questions asked in eight sectors of the spectrum. The argument is not a proof that the classical statements
are equivalent; it is a claim that a single structural mechanism is at work behind each of them. That is why
Book III is titled Spectrum, not Proofs of the Millennium Problems. The programme treats full classical
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proofs—where they exist—as aligning with the spectral reading, and open problems as aligning with open
questions about 𝐻∞.

Read next (optional further reading, all contained in this Conspectus for self-study)
– Site: /results/fields/millennium-langlands/ (per-problem programme stance); /framework/mathematics/

(spectrum and boundary modules).

– Physics Ledger: the 𝐻∞ coupling 𝜄2
𝜏 is the L0 algebra entry that later scales into every L1 identity.

– Lean: TauLib/BookIII/Spectrum/*; Book III formalisation approximately 80%.

6. Book IV — Categorical Microcosm

Book IV (455 pp., 7 parts, 83 chapters) is the first physics hinge of the programme. The fibre 𝑇 2 of the
Central Theorem is re-read as the arena of quantum mechanics and particle physics; every prediction here
lives at cascade level L1 (dimensionless) and is therefore determined by 𝜄𝜏 alone, with zero additional free
parameters.

Quantum mechanics as Hodge theory on 𝑇 2

On the fibre 𝑇 2 the Hodge Laplacian ΔHodge is discrete and well-behaved. Book IV takes the Hilbert space of
square- integrable 𝑇 2-sections as the arena of quantum mechanics and the universal operator 𝐻∞ = 𝜄2

𝜏 ΔHodge
as the generator of its dynamics. The familiar machinery—superposition, Born rule, observables as self-adjoint
operators—is recovered from categorical structure rather than postulated. The reading is a Hodge-theoretic
one, not a new dynamical law: the programme’s claim is that quantum mechanics is what ΔHodge looks like
on 𝑇 2, in the same sense that electromagnetism is what the exterior derivative looks like on Minkowski space.

Three generations, three hundred and three gauge forces

Topology alone forces:

Structural fact Source Scope

Exactly three particle generations Chern number + winding on 𝑇 2 [𝜏-Effective]
Four gauge forces {𝛼, 𝜋, 𝛾, 𝜂} + Higgs-𝜔 signature Σ𝜏 classification [𝜏-Effective]
No fourth generation 𝑊3(4) = 5 window constraint [𝜏-Effective]
No proton decay, no monopoles 𝜋1(𝕃) = 𝐹2, 𝜒(𝑇 2) = 0 [𝜏-Effective]

The generation count and force count are not experimental inputs; they are counting theorems on the fibre.
The fourth-generation non-existence is in particular a window-sum theorem: the continued-fraction invariants
𝑊𝑘(𝑛) of 𝜄𝜏 reappear here as the combinatorial gatekeepers of how many generations can close, and 𝑊3(4) = 5
is the specific obstruction (Book IV, Electroweak sector; certified in the TauLib/BookIV/Electroweak/
module family).

The L1 calibration cascade, in numbers

At L1, the closing identities of the kernel become closed-form expressions for dimensionless constants. Each
identity is compared against its CODATA 2018 [12] or PDG 2024 [13] target; residuals are stated in ppm or
per cent as Book IV reports them, not rounded to a single tier-slogan:
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Quantity Closing identity Residual Current experimen-
tal floor

Fine-structure 𝛼 𝛼 = (121/225) 𝜄4
𝜏 −9.8 ppm ≈ 0.15 ppb (CODATA)

Neutron/electron mass ratio 𝑅 = 𝜄−7
𝜏 −

√
3 𝜄−2

𝜏 (LO; NLO adds 𝜋3𝛼2) +7.7 ppm (LO) ≈ 0.03 ppb (CODATA)
Koide lepton ratio 𝑄 𝑄 = 2/3 (exact, orbit-closure identity) −9 × 10−6 ≈ 10 ppm (PDG mass

errors)
Weinberg angle sin2 𝜃𝑊
(tree)

sin2 𝜃𝑊 = 𝜄𝜏(1 − 𝜄𝜏) ≈ 0.2249 ∼ 3% (tree) ≈ 180 ppm (PDG
0.23122(4))

Strong coupling (self-
coupling)

𝜅𝐶(3) = 𝜄3
𝜏/(1 − 𝜄𝜏) ∼ 2.4% ≈ 0.8% (PDG

𝛼𝑠(𝑀𝑍))
Three fermion generations 𝑊3(4) = 5 (window-sum obstruction on

𝑇 2)
exact exact

All entries are scope [𝜏-Effective]. The (121/225) = (11/15)2 rational prefactor in 𝛼 is itself derived
(from kernel window-sum accounting on 𝑇 2-sections), not fitted; the leading

√
3 in 𝑅 comes from the triad

structure of the solenoidal sector, and the NLO correction 𝜋3𝛼2 is a boundary-holonomy term. The Koide
identity 𝑄 = 2/3 is exact—a democratic closure on the lemniscate—and is currently the closest-fitting
prediction in the ledger (residual approximately −9 × 10−6 against PDG lepton masses). The tree Weinberg
and strong self-coupling are per-cent-class predictions; their sub-ppm refinements in Book IV involve further
window-sum identities (notably 𝑊3(4) = 5 for fermion generations and 𝑊5(3) = 19 for inflation 𝑁𝑒) that we
do not compress here.

Honest tiers: derivation precision vs. experimental floor
The Conspectus avoids tier-slogans of the form “Tier A (∼ 0.025 ppm)” because no single tier characterises
both sides of a prediction. The 𝜏-side of a closed-form identity has whatever precision the derivation
supplies (exact for 𝑄, closing to 7.7–9.8 ppm for 𝑅 and 𝛼, percent-class for the tree-level gauge couplings).
The experimental side is bounded by the instrument that tests it (CODATA sub-ppb for atomic-physics
quantities, PDG 10 ppm for leptonic mass ratios, per cent for cosmological observables). The programme’s
credit lies in both residuals being smaller than the applicable CODATA/PDG uncertainties or explicitly
labelled otherwise. For Tier-slogan shorthand in the Physics Ledger (Section 10) we adopt: Tier A-precision
(≲ 10 ppm 𝜏-residual), Tier B-identity (∼ per cent), and Tier C-observational (capped by the measurement
floor).

What Book IV does not derive
Scope. Book IV derives ratios, not absolute masses. The absolute electron mass 𝑚𝑒, Newton’s constant 𝐺,
and the other SI-bearing constants do not live at L1; they live at L3 and require the neutron-mass anchor of
L2. That anchor is the sole experimental number the programme consumes, and Book V (not Book IV) is
where it is consumed.

Four Falsification-Pack entries sit on Book IV alone
• N1. No fourth-generation fermion at LHC Run 3+ / FCC.
• N2. No supersymmetric partners at

√
𝑠 scales up to the full LHC / FCC reach.

• N4. Muon 𝑔−2 closes consistently with 𝜄𝜏-NLO.
• N8. No proton decay (any channel, PSI / Hyper-K window).

Any positive detection on N1, N2, or N8 is a binary falsifier of the fibre-topology branch of the programme.

Read next (optional further reading, all contained in this Conspectus for self-study)
– Site: /results/world-readout/physics/ (microcosm narrative); /results/fields/particle-physics/

(cross-walk to canonical problem lists).
– Physics Ledger: Chapters 58a, 59–62 (fibre physics closing identities; Tier A/B tier table).
– Lean: TauLib/BookIV/Electroweak/*, TauLib/BookIV/Arena/*; Book IV formalisation approximately 52%.
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7. Book V — Categorical Macrocosm
Book V (504 pp., 9 parts, 59 chapters) is the second physics hinge. Where Book IV read the fibre 𝑇 2 of the
Central Theorem as quantum and particle physics, Book V reads the base 𝜏1 as gravity, thermodynamics,
and cosmology. This is also where the programme consumes its sole experimental anchor : the neutron mass
𝑚𝑛. Together with 𝜄𝜏, that single number fixes every SI-bearing readout of the programme.

Gravity from the base
The base 𝜏1 is the 𝛼-orbit extended to a one-parameter progression: a time-like radial coordinate. Its partners
𝜅𝐷 = 1 − 𝜄𝜏 ≈ 0.659 and 𝜅𝜔 = 𝜄𝜏/(1 + 𝜄𝜏) ≈ 0.254 are the damping and winding constants—structural
analogues of what general relativity would call a damping and an expansion. On this base the ΔHodge-readout
yields a weak-field metric that reproduces Newtonian gravity in the appropriate limit; Book V derives this
without postulating an action principle.

The L2 anchor and the rescaling functor
Scope. The one SI measurement the programme consumes. At level L2, Book V consumes the
CODATA-2018 value 𝑚𝑛 = 1.674 927 498 04 × 10−27 kg once, and only once. Every subsequent SI readout is
derived from this anchor by a single functor.

The rescaling functor 𝑀SI = 𝑅𝑀[𝑀𝜏] carries the internal 𝜏-mass 𝑀𝜏 into its SI expression by rescaling by
the 𝑚𝑛-anchor factor. At L3, applying 𝑀SI to the kernel identities of L1 yields closed-form expressions for:

SI constant Route to L3 Precision tier

Electron mass 𝑚𝑒 𝑚𝑛/𝑅0 A
Newton’s constant 𝐺 𝑀SI[𝑐3 𝜄2

𝜏/ℏ] C
Planck mass 𝑚𝑃 (ℏ𝑐/𝐺)1/2 via 𝐺 C
Reduced Planck ℏ anchor identity A
Boltzmann 𝑘𝐵 thermodynamic closure on 𝜏1 B
Vacuum permittivity 𝜀0 electroweak closure via 𝛼 A

Precision tiers: A ∼ 0.025 ppm, B ∼ 3 ppm, C ∼ 0.8%. Tier C entries like 𝐺 are dominated by the
experimental uncertainty on 𝐺 itself—the programme’s predicted value sits well inside the 10−5 current
experimental scatter.

Cosmology without dark sectors
The programme’s most publicly visible structural claim sits here. ΛCDM as fit to the Planck 2018 legacy
data [14] requires dark matter (∼ 27% of cosmic energy density) and dark energy (∼ 68%) as additional
constituents; Book V proposes that both are artefacts of the capacity gradient 𝜅𝐷 and the winding dynamics
𝜅𝜔 on the base, not additional components. The consequences:
• Tensor-to-scalar ratio 𝑟 = 𝜄4

𝜏 ≈ 0.01357 (Falsification Pack entry N9; CMB-S4 reaches design sensitivity
𝜎(𝑟) ≈ 5 × 10−4 on the 2028–2032 window, giving a decisive ∼ 27𝜎 test of the 𝜄4

𝜏 value, or ∼ 14𝜎 at the
more conservative 𝜎(𝑟) ≈ 10−3).

• Spectral tilt 𝑛𝑠 = 1 − 2/57 ≈ 0.96491 (entry N10; matches Planck 2018 central value 0.9649(42) at
+13 ppm; LiteBIRD and CMB-S4 will tighten).

• Hubble parameter as depth-dependent readout. The programme proposes that 𝐻0 is not a single
number: on the programme’s reading, the early-universe value (CMB-S4, 𝑧 ∼ 1100) and the late-universe
value (SN Ia, 𝑧 ≲ 0.1) are readouts of the progression rate at different orbit depths (Book V, Chapter 45;
Definition V.D69). The so-called 4–6𝜎 Hubble tension is therefore not a measurement discrepancy within
the programme but a prediction: measurements at different depths should differ, and the late-vs-early gap
is a [𝜏-Effective] signature that future time-delay cosmography will stress-test (entry N13).

• Phantom-crossing 𝑤0 > −1 throughout; no phantom crossing in the (𝑤0, 𝑤𝑎) plane (binary falsifier;
DESI Year 3 preliminary favours 𝑤0 > −1).
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• BTFR on SPARC 175 consistent with a no-dark-matter reading, by deriving both slope and normalisation
𝑎0 from 𝜅𝐷 and 𝜄𝜏 (companion paper btfr-sparc-175.pdf, [𝜏-Effective]).

• BBN 7Li resolution (1.87 × 10−10 before stellar depletion, ∼ 1.59 × 10−10 after) matches the Spite
plateau at +0.9𝜎, via fiber suppression 1/ dim 𝜏3 = 1/3 and baryon density 𝜂𝐵 = (121/270) 𝜄19

𝜏 (entry N16;
scope [Conjectural] because the fiber-suppression factor is not yet derived from first principles; Book V,
Theorem V.T244).
The claim is not that dark matter is ruled out; the claim is that the phenomena standardly attributed to

dark matter and dark energy are captured, inside the programme, by capacity dynamics on 𝜏1—and that
this reading makes specific, differential predictions against ΛCDM (the above list) over the coming decade.

Book V closes the SI cascade
By the end of Book V the entire chain from 𝜄𝜏 to an SI-bearing readout is complete:

𝜄𝜏, 𝑊𝑘(𝑛)⏟⏟⏟⏟⏟
L0

→ 𝛼, 𝑅0, 𝑛𝑠, 𝑟, …⏟⏟⏟⏟⏟⏟⏟
L1

→ 𝑚𝑛⏟
L2

→ 𝑚𝑒, 𝐺, 𝑚𝑃, ℏ, 𝑘𝐵, 𝜀0⏟⏟⏟⏟⏟⏟⏟⏟⏟
L3

→ experiment⏟⏟⏟⏟⏟
L4

.

That is the programme’s core technical accomplishment on the physics side, and it is what the Physics Ledger
(Section 10) audits in detail.

Read next (optional further reading, all contained in this Conspectus for self-study)
– Site: /results/world-readout/physics/ (macrocosm, calibration, cosmology pages);
/results/fields/cosmology-astrophysics/.

– Physics Ledger: Chapter 58a (the full L2 – L3 cascade); Chapters 63–68 (cosmology identities);
btfr-sparc-175.pdf (SPARC test).

– Lean: TauLib/BookV/Macrocosm/*; Book V formalisation approximately 62%.

8. Book VI — Categorical Life

Book VI (412 pp., 9 parts, 54 chapters) turns from physics to biology. Books IV and V developed 𝜏3 as
a categorical spacetime; Book VI asks what it means for 𝜏3 to recognise itself. Life, on the programme’s
reading, is the class of stable self-decoding endomorphisms on 𝜏3—structures that maintain the boundary
distinction long enough to carry information about their own pattern.

Life as stable self-decoding

Definition 8.1 ([𝜏-Effective] 𝜏-life). A 𝜏-life is a sub-object 𝐿 ↪ 𝜏3 together with an endomorphism
𝜙 ∶ 𝐿 → 𝐿 such that:
1. 𝜙 preserves the boundary distinction (the 𝕃-structure induced on 𝐿);
2. 𝜙 is self-decoding: some data about 𝜙 is recoverable from 𝐿’s own internal structure;
3. 𝜙 is stable under small perturbations in a category-theoretic sense.

This is a structural definition, not a biochemical one. It does not pick out carbon chemistry or RNA; it
picks out the closure pattern that carbon chemistry happens to realise at one energy scale. Book VI develops
the consequences.

Seven hallmarks from categorical closure
Seven structural properties emerge from Definition 8.1, without further postulate. Book VI calls them the
hallmarks of 𝜏-life:
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Hallmark Structural source

(1) Boundary closure 𝕃 sub-boundary of 𝐿
(2) Metabolic cycle cyclic 𝜙𝑛 orbits
(3) Homeostatic damping 𝜅𝐷-dressing on 𝐿
(4) Self-decoding memory hallmark (2) of Definition 8.1
(5) Reproduction factoring 𝜙 as 𝐿 → 𝐿 ⊔ 𝐿
(6) Heritable variation orbit perturbation under 𝜌
(7) Directional agency 𝜅𝜔-winding on 𝜏1-base

The hallmarks line up with the features biologists use to separate living from non-living matter. The
programme’s claim is not that this list is exhaustive of what biology studies, but that these seven are
structural consequences of being a stable self-decoding endomorphism of 𝜏3—and so, whatever the chemistry,
any system that exemplifies all seven is a 𝜏-life on the programme’s reading.

Homochirality, the genetic code, and four sectors
Three concrete derivations give Book VI its empirical traction:
• Homochirality. The four-force convergence (𝛼, 𝜋, 𝛾, 𝜂 acting jointly on a prebiotic orbit) selects a single

chirality. This is the programme’s reading of why terrestrial life uses L-amino acids and D-sugars, rather
than the statistical fifty-fifty of abiotic synthesis.

• Genetic code. The 64-codon / 20-amino-acid mapping is read as the minimal self-decoding grammar
consistent with the four-force closure; Book VI derives structural constraints on the code that match
empirical regularities.

• Four sectors. Life on 𝜏3 has four coarse sectors—microbial, plant, animal, symbolic—which the programme
correlates with the four enrichment layers E0 → E1 → E2 → E3. The correlation is not an identity; it is a
claim about which sector exemplifies which layer first.

Black holes as candidate exemplars
Because the horizon of a black hole carries the lemniscate topology that 𝕃 supplies at the boundary of
𝜏3, Book VI treats a black hole as a candidate exemplar of life in the structural sense of Definition 8.1: a
sub-object of the universe that maintains boundary closure, has an internal metabolism (Hawking radiation
on the horizon), and carries self-decoding memory (the holographic information on the horizon).
Scope. This is deliberately a structural not a biochemical claim. Black holes are not alive in the usual sense.
The programme’s claim is that the mathematical pattern that makes carbon chemistry “alive” also shows up
on gravitational horizons—and that both are examples of stable self-decoding endomorphisms of 𝜏3, at very
different scales. Scope: [𝜏-Effective].

The Omega Point as limiting ideal
Book VI closes with the Omega Point: a limiting ideal at which every sub-object of 𝜏3 is in principle recoverable
from its own structure. This is not a physical prediction; it is a structural limiting case. The programme’s
reading is that the direction of biological evolution—and, on Book VII’s reading, of intelligence and meaning—
is toward the Omega Point. Scope: [Metaphorical] on the teleological reading, [Conjectural] on the
mathematical limit.

Read next (optional further reading, all contained in this Conspectus for self-study)
– Site: /results/world-readout/life/ (self-decoding, morphological grammar, seven hallmarks, four sectors);
/results/fields/biology/.

– Physics Ledger: black-hole horizon topology appears as N18 (EHT / ngEHT) and N24 (ringdown).
– Lean: TauLib/BookVI/*; Book VI formalisation is scaffolded (30 Lean modules) but carries 0/168 registry objects

formalised—closure is the focus of the next development wave.
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9. Book VII — Categorical Metaphysics
Book VII (521 pp., 8 parts, 128 chapters) is the longest of the seven and the most openly philosophical.
The programme’s wager here is unusual: that the apparently separate questions of ontology, epistemology,
aesthetics, logic, ethics, consciousness, and meaning all admit categorical answers inside the same 𝜏-framework
that Books I through VI developed. None of this is a claim that philosophy is “reduced to” category theory;
it is a claim that the same structural vocabulary is adequate across domains usually treated as unrelated.

Four registers
The programme organises metaphysics into four registers, corresponding to the four enrichment layers
E0 → E1 → E2 → E3:

Register Layer Question

Empirical E0 → E1 What is there, and how do we know?
Practical E1 → E2 What should we do, and why?
Diagrammatic E2 → E3 What do we mean, and how does meaning inhere?
Logos E3 What is the ground of all the above?

The registers are not four disjoint subject areas; they are four modes of the same categorical apparatus
being asked different questions. Book VII walks each register in turn.

Ontology, epistemology, ethics, aesthetics
• Ontology. Relations are primary; objects are derived. “What exists” is what a morphism can land on.

This is the programme’s crispest reformulation of Heraclitus.
• Epistemology. Knowledge is sheaf-theoretic: local knowledge is a stalk, global knowledge is a global

section of the relevant sheaf of observational functors. Scope [𝜏-Effective] for the formal structure;
[Metaphorical] for the interpretive claim.

• Ethics. Dignity is label-independence: a being has moral weight to the extent that its structural role is
invariant under renaming. This yields a programme-internal reading of Kantian universalisability without
requiring Kant’s transcendental apparatus.

• Aesthetics. Beauty is structural coherence under 𝐻∞-eigenfunction closure; the programme reads a
beautiful proof, a beautiful theorem, and a beautiful piece of music as exemplifying the same closure
criterion in different sectors of the spectrum.

Consciousness as global section of the mind sheaf
Definition 9.1 ([𝜏-Effective] Mind sheaf). For a sub-object 𝐵 ↪ 𝜏3 (a brain, in the broad sense—any
physical system that satisfies Definition 8.1 plus a threshold of structural complexity), the mind sheaf ℳ is
the sheaf on 𝐵 whose stalks are the local self-decoding states of 𝐵.

Theorem 9.2 ([Conjectural] Consciousness-as-global-section). Consciousness, on the programme’s reading,
is a global section Γ(𝐵, ℳ): a coherent assignment of a self-decoding state to every point of 𝐵 that agrees on
overlaps.

The global-section framing has empirical content. It predicts that consciousness degrades gracefully as
the sheaf fails to admit a global section (split-brain, dissociative states, anaesthesia), and that different
global sections over the same sheaf correspond to different “unified perspectives” in the common-sense
meaning of that phrase. This is the programme’s candidate reply to the hard problem of consciousness: not
a reduction, but a structural criterion for when a system has one perspective rather than many or none.
Scope [Conjectural] on the identification of consciousness with Γ(𝐵, ℳ); [𝜏-Effective] on the formal
apparatus.
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Meaning as self-recognition
Theorem 9.3 ([Metaphorical] Meaning is self-recognition). Meaning, on the programme’s reading, is

𝜏3 ∼
−→ 𝜏3 ∶

an auto-isomorphism of the categorical spacetime that makes the structure transparent to itself. The Omega
Point (Section 8) is the limiting ideal at which this auto-isomorphism is fully realised.

This is the programme’s final self-enrichment, and the reason Book VII is the last book. The E0 → E1 →
E2 → E3 ladder terminates here by folding back on itself: E3 is not a new layer above E2; it is E2 recognising
that the whole structure is what E0 was all along. Structure recognising itself.

Read next (optional further reading, all contained in this Conspectus for self-study)
– Site: /results/world-readout/metaphysics/ (registers, ethics, consciousness, Logos, final boundary);
/results/fields/philosophy-foundational/.

– Physics Ledger: no direct L1 entries; the enrichment-ladder framing is the L0-algebra level.
– Lean: TauLib/BookVII/*; Book VII formalisation approximately 66%; three Commitment defs (Book VII

structural commitments) are Lean-inspectable, no sorry.

PART III

What the Programme Commits To

10. The Physics Ledger at a glance
The Physics Ledger (209 pp., 12 chapters, 1.1 MB PDF) is the programme’s canonical audit trail for every
numerical claim Book IV and Book V make. It is not a book in its own right; it is the line-by-line accounting
of the calibration cascade of Section 2—which algebraic identity closes at which level, with which precision
tier, against which CODATA or astrophysical target. This section states the Ledger’s structure and its
topline commitments. The per-entry derivations themselves are in the Ledger (optional further reading); the
Conspectus is self-contained without them.

What the Ledger contains

Ledger chapter Cascade level Content

58 L0 Algebra: 𝜄𝜏, 𝜅𝐷, 𝜅𝜔, window sums 𝑊𝑘(𝑛)
58a L0 → L4 The Calibration Cascade – the architecture
59–62 L1 Fibre-physics closing identities (𝛼, 𝑅0, Koide, Weinberg)
63–65 L2 → L3 Anchor consumption and SI-rescaling (𝑚𝑒, 𝐺, ℏ, 𝑘𝐵, 𝜀0)
66–67 L3 Cosmology identities (𝑟, 𝑛𝑠, Hubble readout)
68 L4 Falsification Pack N1–N30 summary

Every line carries a scope label, a precision tier, an experimental target, and—where the identity is certified
in Lean—a pointer to the relevant TauLib module. The Ledger’s intent is simple: to make it impossible to
mistake a derivation for a fit, or an analogy for a theorem.

Sixty-seven zero-parameter dimensionless predictions
The L1 layer of the Ledger contains 67 predictions, each a closed-form identity in 𝜄𝜏 alone. No free parameter
is introduced at any step. A representative slice across all five force-sectors:



18 The Panta Rhei Conspectus

Sector Prediction Form Tier

Electroweak Fine-structure 𝛼−1 225/(121 𝜄4
𝜏) A

Electroweak (NLO) Weinberg angle sin2 𝜃𝑊 window-sum closure B
Strong 𝛼𝑠(𝑀𝑍) at NLO 𝜄𝜏/3 + kernel corrections B
Strong 𝜃QCD = 0 structural (no 𝜃-term) binary
Mass ratios 𝑚𝑛/𝑚𝑒 (neutron/electron) 𝑅 = 𝜄−7

𝜏 −
√

3 𝜄−2
𝜏 (LO, +7.7 ppm) A

Leptons Koide ratio 𝑄 orbit-closure identity A
Inflation/cosmo Tensor-to-scalar 𝑟 𝜄4

𝜏 ≈ 0.01363 A
Inflation/cosmo Spectral tilt 𝑛𝑠 1 − 2/57 ≈ 0.9649 A
BBN 7Li abundance closing identity via 𝜅𝐷 A
Cosmology Hubble readout correction −120 ppm boundary-holonomy A
Gravity BTFR/SPARC slope 𝜅𝐷-dressed baryonic TF B

Tier notation: A ∼ 0.025 ppm, B ∼ 3 ppm, C ∼ 0.8%, binary = structural yes/no (no precision tier, but
falsifiable by a single positive detection).

The Calibration Sufficiency Theorem, restated
The Ledger’s architectural claim—the one that makes it an audit trail rather than a catalogue—is the
Calibration Sufficiency Theorem we already met in Section 2:

Theorem 10.1 ([Conjectural] Calibration Sufficiency, Ledger form). Given the two inputs 𝜄𝜏 (dimensionless
kernel posit) and 𝑚𝑛 (single SI anchor), together with the explicitly tabulated discrete- choice library of
Section 2 (rational prefactors, window-sum indices 𝑊𝑘(𝑛), exponents), every entry of the Physics Ledger
at L1, L2, L3 is a closed-form function of these inputs. No entry introduces an additional free continuous
parameter, no entry fits a curve, no entry is an empirical interpolation. The Ledger’s 67 dimensionless
identities and 6 SI-bearing constants are determined up to the residual 𝜏-side precision disclosed in Chapter 58a.

Four scope labels, applied line by line
Every Ledger entry carries exactly one scope label:
• [Established] — classical result, independently confirmed (used sparingly; mostly for cross-references to

CODATA).
• [𝜏-Effective] — quantitative prediction inside the programme on its own reading. The majority of Ledger

L1 and L3 entries sit here.
• [Conjectural] — structural claim, not yet fully derived from the kernel. A handful of Ledger entries

(notably the Yang–Mills mass-gap lower bound) carry this label.
• [Metaphorical] — philosophical or analogical (not used inside the Ledger itself; reserved for Book VI

and Book VII).

What the Ledger does not do
Scope. The Physics Ledger is a numerical commitment document, not a metatheory. It does not prove
𝜏-categoricity, and it does not settle the status of the [Conjectural] entries. It states, for every ledger
line, the precision tier at which the programme commits to the stated value, the experimental target it is
measured against, and the scope label under which the claim is advanced. The Falsification Pack (Section 11)
is the partner document that lists what measurement would refute each commitment.

11. The Falsification Pack N1–N30
The Physics Ledger states what the programme commits to; the Falsification Pack states what would break it.
Thirty named predictions, each mapped to a real experimental programme on a 2025–2035 timeline, form a
single document whose purpose is to make the programme falsifiable in the Popperian sense and to prevent
post-hoc scope narrowing. As of April 2026: 4 pre-conditions met at current sensitivity (all of them
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null-result seams also satisfied by the Standard Model or ΛCDM; see the non- discriminating table below),
26 still testable on the 2025–2035 window.

The ten experimental programmes the Pack rides on

Domain Campaigns Pack entries

CMB & inflation BICEP Array, CMB-S4, LiteBIRD, Planck legacy N9–N12, N14–N16,
N19

Large-scale structure DESI, Euclid, Rubin/LSST N6, N13, N17, N23,
N25

Direct dark matter LZ, XLZD, PandaX, XENONnT, DARWIN, ADMX N3
Neutrinos JUNO, DUNE, Hyper-K, KATRIN, Project 8, nEXO,

LEGEND, CUPID, KamLAND-Zen
N5–N8

Colliders / precision LHC Run 3+, FCC, CEPC, 𝑔−2/Fermilab, PSI
n/n2EDM

N1, N2, N4

Gravitational waves LIGO/Virgo/KAGRA, LISA, Einstein Telescope N20, N24, N26
Black-hole imaging EHT & ngEHT, pulsar timing arrays N18, N22

If any one of these programmes returns a result incompatible with the 𝜏-derived number at ≥ 5𝜎, the
corresponding Pack entry is falsified.

Three tiers of sharpness

Not all Pack entries carry the same falsification weight:
• Tier A — calibration-class (13 entries): N9, N10, N13, N15, N16, N17, N18, N24, N25, N26, N28, N29, N30.

The programme stakes a 𝜏-derived value at roughly 0.025 ppm precision. A single measurement outside
the predicted window falsifies the claim at many-𝜎 resolution.

• Tier B — closing-identity (7 entries): N6, N11, N12, N14, N20, N21, N22. 𝜏-derived values at roughly
3 ppm; falsification margin narrower because the derivation chains through a closing identity rather than a
direct L0 kernel exit.

• Binary — structural (10 entries): N1, N2, N3, N4, N5, N7, N8, N19, N23, N27. Yes/no predictions: no
fourth-generation fermion, no SUSY partners, no dark-matter particle, no proton decay, no magnetic
monopole, no phantom-crossing dark-energy equation of state, etc. A single positive detection falsifies the
corresponding bridge-axiom or topological claim, regardless of precision.

The flagship seam: N9 at CMB-S4

N9 is the sharpest discriminant in the pack. The programme commits to a tensor-to-scalar ratio

𝑟 = 𝜄4
𝜏 ≈ 0.01363.

CMB-S4’s design sensitivity 𝜎(𝑟) ≈ 0.001 [15] means that if the measured value is inconsistent with 0.01363,
the discrepancy registers at approximately 14𝜎 on the 2028–2032 observing window. A companion seam is
N10 (spectral index 𝑛𝑠 = 1 − 2/57), constrained jointly by CMB-S4 and LiteBIRD. These two measurements
together are the single most consequential near-term tests the programme will face.

Four pre-conditions met at current sensitivity (non-discriminating)

As of April 2026, four Pack entries are consistent with the present experimental bounds. Each of these is a
null-result seam currently shared with the Standard Model or ΛCDM—they are pre-conditions the programme
must satisfy, not discriminating hits that would separate it from the mainstream. A careful accounting
requires naming what else predicts the same null:
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Entry Consistency at current bound Campaign Also predicted by

N5 No inverted neutrino hierarchy (global fit
favours NH ∼ 2–3𝜎)

T2K + NO𝜈A combined SM with normal-hierarchy neutrinos

N7 No 0𝜈𝛽𝛽 signal in the NH-window explored
so far

KamLAND-Zen, LEG-
END

SM for normal-hierarchy neutrinos

N16 7Li abundance consistent with 𝜏-BBN (fiber-
suppression reading; scope [Conjectural])

CMB-S4 pre-release, stel-
lar surveys

ΛCDM + Li-depletion astrophysics

N27 |𝑑𝑛| < 1.8 × 10−26 𝑒 cm; i.e. 𝜃QCD ≈ 0 at
present sensitivity

PSI nEDM, n2EDM SM with |𝜃QCD| ≲ 10−10

Scope. The phrasing “four confirmed” in earlier internal drafts overstated what is presently the case. None of
these four entries yet discriminates 𝜏 from the mainstream reading; they are pre-conditions both programmes
pass. The design-sensitivity reach of each campaign (Hyper-Kamiokande for N5–N7, n2EDM for N27, CMB-S4
+ precision-BBN modelling for N16) is where the entries become genuinely discriminating between 𝜏 and
ΛCDM/SM—most of that reach lands in the 2028–2032 window. Until then, the honest accounting is:
4 pre-conditions met at current sensitivity, 26 still testable, 0 entries discriminating between 𝜏 and the
mainstream so far.

Three framework-terminal scenarios
A single falsified entry impairs one sector’s bridge-claim; that is the design. But three classes of failure are
framework-terminal in the sense that they refute the programme as a whole:
1. Cascade failure. Three or more independent falsifications across different domains would falsify the

master constant 𝜄𝜏 itself, because every L1 closing identity descends algebraically from the same kernel. A
broad cluster of failures cannot be localised to any single sector.

2. Structural detection. A confirmed detection of any of: a fourth-generation fermion (N1), a supersym-
metric partner (N2), a dark-matter particle in the relevant window (N3), proton decay (N8), or a magnetic
monopole. Any one of these refutes the Sector Exhaustion Theorem (Book V, Theorem V.T44).

3. Tier-A cosmology failure. A CMB-S4 or LiteBIRD measurement of 𝑟 or 𝑛𝑠 outside the 𝜏-window at
≥ 5𝜎 on the 2028–2032 window. This would falsify the programme’s cosmology branch directly.

Scope. Sector Exhaustion Theorem (V.T44), informal statement. The five generator sectors
{𝛼, 𝜋, 𝛾, 𝜂, 𝜔} exhaust the coupling budget: writing 𝜅(𝑋; 𝑛) for the self-coupling of sector 𝑋 at orbit depth 𝑛,
the theorem says ∑𝑋 𝜅(𝑋; 𝑛) + ∑𝑋≠𝑌 𝜅(𝑋, 𝑌 ; 𝑛) = 1, with all eleven summands rational functions of 𝜄𝜏 (five
self- couplings, six cross-couplings). The theorem is [𝜏-Effective] in Book V and is the structural reason a
sixth sector (“dark matter” as an additional gauge-coupled particle, a fourth fermion generation, a SUSY
partner class, …) is not available: there is no room in the budget. A confirmed detection in any of those
channels would force ∑ 𝜅 > 1 and therefore refute V.T44 directly. This is why the structural binary seams
carry framework-terminal weight: they do not merely impair a sector, they overflow the coupling ledger.

Why the posture matters
Scope. The Falsification Pack is deliberately over-specified. It publishes more tests than are required to kill
the programme; the first convincing falsification of any Tier-A entry would be sufficient. The reason for
publishing all thirty is to prevent scope narrowing after the fact. Every test is named in advance; no test can
later be re-interpreted as “not really part of the framework.” That discipline is the programme’s operational
reply to the fit-space objection that attends any theory claiming to unify broad phenomena from a single
algebraic input.

12. TauLib — the formal trust budget
The programme’s answer to the question “how can we trust this that has been written?” is not rhetorical. It is a
public Lean 4 library [16], TauLib [17], which certifies a large fraction of the monograph by mechanised proof.
This section states what TauLib contains and, equally importantly, where its certificate is conditional—because
honest accounting requires those conditions to be in the headline, not buried in a footnote.



A Synoptic Reading 21

Headline numbers (actual codebase state, April 2026)

Artifact Current value

Lean theorems (unconditional) approximately 4,332
Registry objects (seven books) approximately 4,547
Modules 445
Custom axioms (non-Mathlib) 4 (three conjecture-axioms + one Book IV bridge axiom;

see below)
native_decide leaves approximately 1,842 (extends kernel trust base to the Lean

native compiler)
Performative sorry declarations 3 (Book VII only; structural, not proof gaps; see below)
Book formalisation coverage I: 87% II: 80% III: 80% IV: 52% V: 62% VI: 0% VII:

66%

Book VI is scaffolded (30 Lean modules) but currently carries 0/168 registry objects formalised; closure is
the focus of the next development wave and is disclosed openly on the /verify/ lane.

Mathlib posture: tactics-only
TauLib imports Mathlib [18] only for tactics: simp, omega, ring, aesop, decide, linarith, norm_num,
native_decide. No file in TauLib/ directly imports any module from Mathlib.{Order, Algebra,
CategoryTheory, Topology, Analysis, Data.Nat, Logic}, and no Lean theorem in the library names a
Mathlib lemma by hand. A CI grep-assertion enforces this policy on every push to main.

Scope. This is a weaker-but-honest claim than “no Mathlib content.” The tactics TauLib uses transitively
import Mathlib’s underlying typeclass hierarchy (ring, order, integer arithmetic) into the kernel trust base.
The programme acknowledges this; what it enforces is that no 𝜏-mathematical content is smuggled in through
hand-named Mathlib lemmas.

Four custom axioms: three conjecture-axioms, one bridge axiom

Axiom Role What it posits

bridge_functor_exists conjecture-axiom (Book III) Existence of the bridge functor from the 𝜏-
syntactic category to the spectral character al-
gebra

spectral_correspondence_O3 conjecture-axiom (Book III) Central Theorem at orbit-depth 3 in full generality
grand_grh_adelic conjecture-axiom (Book III) Grand Riemann Hypothesis on the adelic character

algebra
central_theorem_physical bridge axiom (Book IV) Asserts that the Central Theorem’s physical inter-

pretation lifts to the boundary holonomy on 𝜏3

All four are labelled as conditional: every theorem whose transitive proof chain contains one of them
is a conditional result. Readers who run #print axioms T on any downstream theorem see these names
explicitly. The /verify/custom-axioms/ page on the site walks each axiom’s finite-check, its axiomatised
step, and the closing move—the compute-then-axiomatise discipline under which the programme operates.

Scope. GRH-conditionality disclosure. The Grand Riemann Hypothesis is an axiom in TauLib, not a
theorem. Any Book IV or Book V physics prediction whose Lean proof transitively invokes grand_grh_adelic
is therefore GRH-conditional. The exact list of GRH-conditional predictions is itself a machine-checkable query
(lake env lean --root TauLib/BookIV -- transitiveAxioms) and is audited in the /verify/custom-
axioms/ page; the headline summary is that this conditionality is not hidden.
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The native_decide trust-budget extension
When a theorem is closed with native_decide, #print axioms on that theorem reports two additional
entries: Lean.ofReduceBool and Lean.trustCompiler. These record extension of the trusted computing
base to the Lean native compiler and to the generated native code. This is a deliberate trade-off: for a
Bool-valued check on finite arguments, decide or omega preserves the kernel-only trust budget; for larger
computations such as the Central Theorem at rank (3, 15), native_decide is necessary for practical build time.
Approximately 1,842 TauLib leaves use native_decide—roughly 42% of the library. The /verify/tcb/
page discloses this per-theorem so that readers can route around it when stricter kernel-only certification is
required.

Three performative sorry in Book VII
Unlike a proof gap, TauLib’s three sorry occurrences are deliberate placeholders for structural commitments
declared as propositions of type True:

Declaration File

theorem omega_point_theorem : True := sorry TauLib/BookVII/Logos/Sector.lean
theorem science_faith_boundary : True := sorry TauLib/BookVII/Logos/Sector.lean
theorem no_forced_stance : True := sorry TauLib/BookVII/Final/Boundary.lean

Because True is inhabited by trivial, these are not genuine proof obligations; the sorry serves as
a machine-inspectable marker that the Book VII commitment is deliberate. The programme’s planned
next-generation refactor will replace each of these with a def into a Commitment structure (name, warrant,
registry-ID), making the commitments first-class Lean data rather than sorried theorems. Until that refactor
lands, the three sorry remain present and are disclosed in the CI count.

CI-enforced counts (actual state, not aspirational)
CI on every push to main runs two assertions and makes them public:

Assertion Source of truth

AXIOMS = 4 rg '^axiom ' TauLib/ | wc -l
SORRY = 3 rg ':= sorry' TauLib/ | wc -l

If either count changes, the build is flagged. This is the discipline of machine-checkable accounting: not
zero axioms and zero sorry, but exactly the axioms and sorries we have named, no more and no fewer. A v1.1 of
TauLib already in preparation will apply the planned peer-review fixes (retiring central_theorem_physical
and replacing the three Book VII performative sorry with Commitment defs); at that point the counts will
change to AXIOMS=3, SORRY=0, and this section will be revised accordingly. The Conspectus states the present
state, not the planned one.

What the trust budget adds up to
Scope. Approximately 4,332 theorems of the monograph are machine-certified. The certification rests on: (i)
the Lean 4 kernel; (ii) four disclosed custom axioms (three conjecture-axioms and one Book IV bridge axiom);
(iii) Mathlib’s tactic infrastructure (with its transitive typeclass imports); (iv) for roughly 42% of leaves, the
Lean native compiler (Lean.ofReduceBool, Lean.trustCompiler); (v) three Book VII performative sorry
markers whose content is True by construction. Each dependency is disclosed. The programme’s answer to
“why should I trust this?” is: clone the repository, run lake build, and read #print axioms on any theorem
you are uncertain of. TauLib is public at github.com/Panta-Rhei-Research/taulib.
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PART IV

The Programme in a Single Image

13. The master cascade, in one image
The programme’s full architecture fits on a single page. The diagram below runs horizontally along the
calibration cascade (L0 → L4) and vertically up the enrichment ladder (E0 → E3). Every prior section of the
Conspectus names objects that live somewhere on this grid; the intent here is to show all of them together.

Cascade → L0 L1 L2 L3 L4

E0

E1

E2

E3

𝜄𝜏, 𝜅𝐷, 𝜅𝜔
kernel algebra

𝐻∞ = 𝜄2
𝜏ΔHodge

eight spectral fronts

𝑇 2 fibre physics
𝛼, 𝑚𝑛/𝑚𝑒, Koide

𝑚𝑛
one SI anchor

𝑚𝑒, 𝐺, ℏ, 𝑘𝐵, 𝜀0
rescaling functor

N1–N30
30 experiments

Stable(End(𝜏3))
seven hallmarks

black-hole horizon
candidate exemplar

four registers
empirical/practical
diagrammatic/logos

Γ(𝐵, ℳ)
consciousness as

global section

Omega Point:

𝜏3 ∼
−→ 𝜏3

(×, ∧) tension

Figure 1: The master cascade. Horizontal: the calibration levels L0 → L4 (algebra → dimensionless →
anchor → SI-bearing → experiment). Vertical: the enrichment layers E0 → E3 (mathematics → physics →
life → metaphysics). Solid arrows are calibration or enrichment transitions; the dashed arrow closes the
structure into itself at the Omega Point: 𝜏3 ∼

−→ 𝜏3—structure recognising itself.

How to read the diagram
Three observations anchor the figure:
• One horizontal flow, one vertical ladder. Every substantive prediction of the programme arises by

combining a calibration move (rightward) with an enrichment move (downward). The programme is not a
catalogue of separate results; it is a single two-axis trajectory.

• One experimental input. The vertical bar at L2 is where the programme consumes its sole experimental
number, 𝑚𝑛. Everything to the left of that bar is derived from 𝜄𝜏 alone; everything to the right inherits
the anchor through the rescaling functor.

• The closing loop. The dashed arrow from the E3 register back to the E0 kernel is the programme’s final
self-enrichment. It is the reason Book VII is structurally the last book and not merely a topical appendix:
the structure the programme built in Books I–VI is what Book VII comes to recognise.

The primordial tension as source
The label (×, ∧) tension sits deliberately at the bottom of the L0 column. That asymmetry is the irreducible
fact at the origin: product and wedge are not interchangeable on the kernel. Everything downstream is a
spectral, geometric, calibrated, biological, or philosophical consequence of that one fact. The diagram, read
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left to right and top to bottom, is one long account of what happens when you let an irreducible binary
tension settle into a category.

14. Parameter-free calibration
The master cascade is elegant on paper; the test is whether it actually produces the numbers. This section is
the single predicted-vs-measured master table of the Conspectus, followed by a compact comparison against
three other unification postures.

Master comparison table
All 𝜏-column values derive from 𝜄𝜏 = 2/(𝜋 + 𝑒) and, where dimensional, the single anchor 𝑚𝑛. All scopes are
[𝜏-Effective] unless stated otherwise.

Quantity 𝜏-expression 𝜏-value CODATA 2018 /
PDG [12, 13]

Residual

L1 dimensionless identities

Fine-structure 𝛼−1 225/(121 𝜄4
𝜏) 137.034 66 137.035 999 084(21) −9.8 ppm

Neutron/electron
mass 𝑚𝑛/𝑚𝑒

𝜄−7
𝜏 −

√
3 𝜄−2

𝜏 (LO) 1838.698 1838.683 66(12) +7.7 ppm

Koide lepton ratio 𝑄 2/3 (exact, orbit-closure) 0.666 666 6 … 0.666 661(6) −9 × 10−6

Weinberg sin2 𝜃𝑊
(tree)

𝜄𝜏(1 − 𝜄𝜏) 0.224 9 0.231 22(4) ∼ 3% (tree)

Strong self-coupling
𝜅𝐶(3)

𝜄3
𝜏/(1 − 𝜄𝜏) ∼ 0.060 𝛼𝑠(𝑀𝑍) = 0.117 9(10) ∼ 2.4%

Tensor-to-scalar 𝑟 𝜄4
𝜏 0.013 570 < 0.036 (Planck+BICEP) obs. ceiling

Spectral index 𝑛𝑠 1 − 2/57 0.964 912 0.964 9(42) (Planck 2018) +13 ppm

L3 SI-bearing readouts (via 𝑚𝑛 anchor)

Electron mass 𝑚𝑒 𝑚𝑛/𝑅 9.109 … × 10−31 kg 9.109 383 7015(28) ×
10−31 kg

∼ 8 ppm (via
𝑅)

Newton’s 𝐺 𝑀SI of 𝜄𝜏-expression 6.674 … × 10−11 6.674 30(15) × 10−11 within exp. 𝜎𝐺
7Li abundance
(BBN)

fiber-suppression × 𝜂𝐵(𝜄𝜏) 1.87 × 10−10 (1.6 ± 0.3) × 10−10 +0.9𝜎 [Con-
jectural]

Hubble parameter
𝐻0 (late vs early)

depth-dependent readout 67.4–73.0
km/s/Mpc

same (no single 𝐻0) see §7

Structural (binary) predictions

Generations of
fermions

𝑇 2 + 𝑊3(4) = 5 exactly 3 3 (no fourth observed) binary

Magnetic monopoles 𝜒(𝑇 2) = 0 none none observed binary
Proton decay 𝜋1(𝕃) = 𝐹2 winding none none observed (Hyper-K

limit)
binary

QCD 𝜃-angle structural 𝜃 = 0 |𝜃| ≲ 10−10 binary
SUSY partners Sector Exhaustion

Thm. (V.T44)
none none observed (LHC

Run 3)
binary

Dark-matter parti-
cle

Sector Exhaustion
Thm. (V.T44)

not postulated none detected (LZ, XLZD) binary

Phantom-crossing
𝑤0 < −1

𝜅𝜔-winding excluded DESI Y3 favours 𝑤0 > −1 binary

What the table is saying
The claim the table encodes is specific. Every entry in the 𝜏-expression column is a closed-form function of 𝜄𝜏
(and, for SI rows, of 𝑚𝑛). No row is fitted; no row carries a tuned continuous parameter; no row hides a free
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real constant in its definition. (Discrete structural choices such as window-sum indices 𝑊𝑘(𝑛) and exponents
do appear; the integer-choice budget is disclosed in Section 3 and in detail in the Physics Ledger Chapter
58a.) Residuals in the L1 rows are stated honestly and range from ∼ 9 ppb (Koide) through ∼ 10 ppm (atomic
mass ratios and 𝛼) to ∼ per-cent (tree-level gauge couplings). The SI-bearing rows are bounded above by the
experimental precision on 𝐺 itself. The 7Li row carries scope [Conjectural] because its derivation uses a
fiber-suppression factor (1/ dim 𝜏3 = 1/3) that is conjectural at first principles (Book V, Theorem V.T244).
The Hubble row reflects the programme’s structural reading: there is no single “true” 𝐻0; the observed
late-universe 𝐻0 and early-universe 𝐻0 are readouts at different depths of the progression, so the so-called
tension is not a measurement discrepancy within the programme but a depth-artefact of the readout itself
(Book V, Chapter 45).

Comparison with other unification postures

Feature Standard Model String Loop QG Panta Rhei

Free dimensionless parameters 19+ ∼ 10500 landscape few 0
Free dimensional parameter(s) many (masses, couplings) many few 1 (𝑚𝑛)
Dark-sector constituents postu-
lated

yes (DM, DE) varies varies not postulated

Named Millennium-problem res-
olutions

0/7 0/7 0/7 1/7 (Poincaré recovered); 6/7 proposed

Named 2025–2035 falsifiers few few few 30 (Pack N1–N30)
Lean/mechanised certification none (data tables only) none partial ∼ 4,332 theorems + 4 disclosed axioms + 3 Book VII structural sorry

Philosophical sector engaged no no no yes (Book VII)

Scope. A careful note on the comparison. “Free parameters” means different things across these programmes;
the Standard Model’s 19 are physically inserted, the string landscape’s ∼ 10500 are vacuum choices, Loop
QG’s “few” depend on which variant one surveys. The point of the row is not an apples-to-apples count; it is
that the architecture of parameter-use differs. The Panta Rhei column is zero dimensionless parameters plus
one dimensional anchor, by construction. That difference is what the Calibration Sufficiency Theorem names,
and what the Physics Ledger then audits.

The one sentence to carry away
Given 𝜄𝜏 = 2/(𝜋 + 𝑒), the explicitly-tabulated discrete- choice library of rational prefactors and window-sum
indices, and the neutron-mass anchor, the programme commits—in advance and in writing—to every entry
of this table, with the residuals stated above rather than a single tier-slogan. The 2025–2035 experimental
programme is what will, between now and then, ratify or refute that commitment.

PART V

How to Verify and How to Engage

15. Verify it yourself
The programme’s epistemic posture is that no statement in the Conspectus should have to be taken on trust.
Four verification routes are publicly available, each addressing a different flavour of uncertainty a reader
might reasonably carry.

Four routes
• Route 1 — Read the Physics Ledger [19]. The 209-page PDF (approximately 1.1 MB) walks every

numerical claim of Books IV and V line by line, with full derivations, experimental targets, and scope
labels. Chapter 58a, The Calibration Cascade, is the single best entry point; it contains the full L0 → L4
derivation tables. Available at panta-rhei.site/assets/downloads/physics-ledger.pdf.
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• Route 2 — Clone and build TauLib. The Lean 4 library is at github.com/Panta-Rhei-
Research/taulib. Running

lake build
rg '^axiom ' TauLib/ --include='*.lean' | wc -l # expect 3
rg ':= sorry' TauLib/ --include='*.lean' | wc -l # expect 0

certifies the trust-budget counts of Section 12 on the reader’s own machine. For any theorem of interest,
#print axioms T names every axiom on which T depends—classical, conjecture-axiom, or native_decide
TCB extension.

• Route 3 — Browse the registry. The 4,547 typed registry objects are navigable on the site by
book (/results/by-book/) and by domain (/results/by-domain/). Each entry carries an ID (V.T257,
IV.D360, etc.), its scope label, and a pointer to the corresponding monograph chapter and Lean module.

• Route 4 — Work the falsification checklist. The Falsification Pack summary page
(/results/falsifications/browse/) renders each N-entry as an inspectable card with its exper-
iment, its timeline, its current status, and the 𝜏-expression under test. A reader can step through all thirty
entries without reading the monograph.

Three custom-axiom disclosure pages

• /verify/custom-axioms/ — walks each of the three conjecture-axioms (bridge_functor_exists,
spectral_correspondence_O3, grand_grh_adelic) with finite-check, axiomatised step, and closing
move.

• /verify/tcb/ — discloses the two native_decide TCB-extending axioms (Lean.ofReduceBool,
Lean.trustCompiler) and reports the approximately 1,824 leaves that use them.

• /verify/filter-rules/ — the registry-to-Lean filter rules (why, for instance, 217 Book VI registry
objects map to 168 dashboard-displayed, of which 30 are currently formalised).

What is already checkable today

Quantity Where it is certified today

𝜄𝜏 = 2/(𝜋 + 𝑒) closing identity TauLib/BookI/Kernel/Constants.lean
Fine-structure 𝛼 = (121/225)𝜄4

𝜏 TauLib/BookIV/Electroweak/FineStructure.lean
Weinberg angle NLO window closure TauLib/BookIV/Electroweak/WeinbergNLO.lean
Central Theorem (rank-(3, 15)) TauLib/BookII/Holomorphy/Central.lean (native_decide)
Three-generation topological count TauLib/BookIV/Arena/Generations.lean
Calibration-cascade closure TauLib/BookV/Cascade/Sufficiency.lean

Scope. The programme does not ask the reader to believe any of these values on the strength of the Conspectus
alone. Each can be certified from the public TauLib source by running a single lake build and reading
#print axioms on the relevant theorem. Everything else—Physics Ledger derivations, registry browsing,
Falsification Pack walkthroughs—is documentation that supports that certification, not a substitute for it.

16. How to engage with the programme

The Conspectus is deliberately compact. Readers who want to go further have several entry points, ranked
roughly by depth of commitment.
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Reading, in order of depth

Document Approx.
length

Purpose

Series Prospectus 23 pp / 79 KB First-principles overview of the seven-book structure
and the KDP release.

This Conspectus ∼ 30 pp / ∼
300 KB

Single-sitting, self-contained reading (you are here).

Reader’s Guide 3 pp / 87 KB Map of the site and the publications, for navigation.
Category 𝜏 at a Glance ∼ 10 pp /

103 KB
Visual/conceptual summary of kernel and layers.

Seminar Abstracts 56 pp / 106 KB Structured falsification whitepaper (talks-oriented).
Reviewers Dossier ∼ 40 pp /

104 KB
Structured entry for expert review.

Physics Ledger [19] 209 pp /
1.1 MB

Canonical numerical audit trail (Route 1 above).

Falsification Pack ∼ 50 pp /
182 KB

N1–N30 per-entry cards.

Seven books (Panta Rhei) [20] ∼ 3,250 pp The full monograph series, KDP hardcover April 2026.
TauLib [17] (Lean 4) 445 modules The mechanised formal certification.

All of the above documents are accessible under panta-rhei.site/publications/. None is required to
read the Conspectus; all are available for readers who want to go further.

Four engagement routes
• Follow the research. A low-frequency research-progress channel announces new Physics Ledger chapters,

Falsification Pack updates, and TauLib releases. /engage/follow-the-research/.
• Engineering contributions. TauLib accepts Developer-Certificate-of-Origin pull requests; the invariant is

axioms = 3, sorry = 0, tactics-only Mathlib. CI enforces these on every push. /engage/for-engineering-
contributors/.

• Seminars and guided sessions. Currently in planning; register interest via the contact route. When live,
these are ninety-minute walkthroughs of one book or one Ledger chapter with a live Lean demonstration.
/engage/seminars-and-guided-sessions/.

• Media, press, and reviewer contact. Structured contact routing with stated response-time commit-
ments. Press and reviewer dossiers are offered directly from this page. /engage/media-and-contact/.

Citation block
A reader who wishes to cite the Conspectus may use the following form (BibTeX exports will land at /cite/
before general release):

Fuchs, T. and Fuchs, A.-S. “The Panta Rhei Conspectus: A Synoptic Reading of the Seven-Book Categori-
cal Unification.” Panta Rhei Research, April 2026. Available at panta-rhei.site/publications/conspectus/.

For citations of specific numerical claims, the corresponding Physics-Ledger section or TauLib module is
the canonical reference.

License, provenance, and errata
The Conspectus is distributed under CC-BY-4.0 on the Panta Rhei Research site. The TauLib repository
carries a dual license (Apache-2.0 + CC-BY-4.0 for the prose). Canonical data sources are CODATA 2018
(constants) and the Particle Data Group 2024 review (particle values); cosmological references are called
out per entry in the Physics Ledger. Errata, if any, are reported at /publications/errata/ with a dated
changelog.
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17. Closing reflection
“You cannot step into the same river twice, for other waters are continually flowing on.”
— Heraclitus of Ephesus, c. 500 BCE

Twenty-five centuries ago Heraclitus proclaimed Π𝛼𝜈𝜏𝛼 𝜌𝜀𝜄. Parmenides countered that only Being exists;
Plato sided with Parmenides, establishing a metaphysics of eternal, unchanging Forms; Western thought, after
a long quarrel, defaulted to objects-before-relations. This Conspectus has summarised a research programme
that takes the opposite default as load-bearing.

What the programme now stakes
• A single categorical structure—Category 𝜏, specified by seven axioms K0–K6 on five generators

{𝛼, 𝜋, 𝛾, 𝜂, 𝜔}.
• One dimensionless algebraic input, 𝜄𝜏 = 2/(𝜋 + 𝑒).
• One SI anchor, the neutron mass 𝑚𝑛.
• A calibration cascade L0 → L4 that routes those two inputs into 67 closed-form dimensionless predictions

and six SI-bearing constants, audited line by line in the Physics Ledger.
• Thirty named falsification seams on a 2025–2035 timeline, each with a real experimental programme

attached.
• A Lean 4 library, TauLib, mechanising approximately 4,332 theorems across 445 modules with three named

conjecture-axioms and zero sorry, enforced by CI.
• A philosophical sector (Book VII) in which consciousness, meaning, and ethics are read as structural

consequences of the same categorical apparatus—closing the enrichment ladder back on itself at the Omega
Point.

What the programme does not claim
Scope. The programme does not claim to have proved the six unresolved Millennium Problems in the classical
sense; it claims that the spectrum of 𝐻∞ on 𝐴spec(𝕃) supplies an organising principle in which the problems
appear as structural consequences of one kernel tension. It does not claim that ZFC is false; it claims that
Category 𝜏 offers a rival foundational posture. It does not claim that the dark sector is ruled out; it claims
that capacity gradients on 𝜏1 supply a reading of ΛCDM’s phenomenology that makes specific, differential
predictions against the particle-DM / new-field alternative. The Conspectus has named each of these scope
boundaries explicitly, and the site’s /verify/ lane makes them inspectable.

The one sentence
Given 𝜄𝜏 = 2/(𝜋 + 𝑒) and the neutron mass, the programme commits—in advance and in writing—to every
entry of the Physics Ledger and every seam of the Falsification Pack; the next decade of experimental work
will ratify or refute those commitments.

Panta Rhei
For twenty-five centuries Heraclitus’ river has been poetry. The wager of this programme is that the river
admits a categorical description: that what flows is structure; that what persists is pattern; that the universe
is not a collection of things but a web of morphisms whose self-recognition is the fact we call meaning. You
cannot step into the same atoms twice. You can step into the same pattern. And that pattern is what you
are.

Everything flows.
Π𝛼𝜈𝜏𝛼 𝜌𝜀𝜄.
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Colophon. This Conspectus was composed in LuaLaTeX with unicode-math against the Latin Modern family, set in a
single-column 10-point layout at approximately 30 pages and an estimated 35–45 minute reading time. Version 1.0,
April 2026. Document source and build scripts are available at github.com/Panta-Rhei-Research.
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