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Revision note (18.-14.4.2026). Draft v1.0 listed modular invariance as axiom A3. Under
AXIOM 1 (logical precedence: if a more logical formulation exists, no test between old and new is
needed), A3 has been demoted from aziom to theorem. It now follows from Al + A2 + MO0 once
photons are correctly identified with elliptic curves (see proc-psl2z.md for the full derivation). The
aziomatic framework is now three azioms (A1, A2, A3 = old AJ) together with one explicitly named
meta-postulate (MO, structural realism), not four azioms. The reduction 4 — 3 is conditional on
accepting MO: the total number of fundamental assumptions is the same as in v1.0, but the move is
qualitative, not quantitative MO is strictly weaker and more general than the assertion
“PSL(2,Z) is a symmetry group”, and it is already implicit throughout gauge theory. The derivation
chain (K = —1 — a = 2/3 — r = 2(1—ns)?) is unchanged in substance; only the source of

PSL(2,Z) invariance has moved from postulate to theorem.

Abstract

We propose a minimal axiomatic framework in which physical time is a complex variable 1 € H?
(upper half-plane). Identifying the photon with its natural topological content — a closed 2m
rotation together with a quaternionic companion direction — forces the photon to be an elliptic
curve with modular parameter 1. As a classical theorem of the theory of modular forms, the moduli
space of elliptic curves over C is H?/PSL(2,Z), so modular invariance is a theorem, not an axiom.
The unique PSL(2,R)-invariant metric is the Poincaré metric with Gaussian curvature K = —1,

which fixes the a-attractor parameter:
\[\alpha = \frac{2}{3} = -4\chi(\mathcal{X} 1) = \frac{2\,\mathrm{Area}(\mathcal{F})}{\pi}\]

This is a topological invariant of the modular curve X(1), not a free parameter. The result is a
parameter-free consistency relation between two CMB observables:

\[\boxed{r = 2\,(1-n_s)"2}\]

The theory itself contains no free parameter; inserting the measured value ns = 0.9649 (Planck
2018) yields r ~ 0.0025. This numerical prediction is evaluated on the effective potential of the
single-field limit of the modular-invariant action, V_eff(¢) = A4 tanh?(¢/2) (canonical a =
2/3 T-model); the microscopic derivation of V_eff from the fully PSL(2,Z)-invariant action remains
an open problem (B4, §Open problems”). Testable by LiteBIRD (~2032) and distinguishable from
the Starobinsky R? model (r ~ 0.0037) at ~1-20 with LiteBIRD + CMB-S4.

Second hard prediction (Koide-a identity). The same topological invariant a = 2/3
simultaneously fixes the empirical Koide relation for charged leptons. Defining Q = (m_e + m_p
+m 1)/ (Vm e+ ym p + ym 1)? the ym-vector in R3 subtends angle 8 with the democratic
axis (1,1,1)/43, and Q = 1/(3 cos?8). The spinor half-angle 8 = n/4 (observer is SU(2)—SO(3), so
the canonical orthogonality 1/2 of flavour space projects to m/4 in observed ym-space) forces Q =
2/3, algebraically identical to the a-attractor exponent of Theorem 1. Taking m e and m_p from
PDG as input, the relation predicts m_t = 1776.97 MeV vs. measured 1776.86 + 0.12
MeV (deviation 6 - 1075, within experimental 10). This is a KRT computation, not a fit: the value
2/3 is the topological invariant of X(1), not adjusted. See §“Koide-a identity” below.

Meta-postulate MO (structural realism)

MO. Physical observables are functions on isomorphism classes of physical states, not on their
representatives. Equivalently: if two configurations differ only by an isomorphism of their internal

structure, no physical measurement distinguishes them.

MO is the meta-level assumption under which all three axioms below operate, and it is the
assumption from which Theorem 1 derives PSL(2,Z)-invariance. It is strictly weaker than the v1.0
assertion “PSL(2,Z) is a symmetry group”: MO does not specify which symmetry holds, only that
physics sees structure rather than labels on representatives. The same meta-postulate is used
(implicitly) throughout gauge theory, where physical observables are required to factor through
gauge orbits rather than distinguish gauge-equivalent configurations.
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On counting. The framework has three axioms (Al, A2, A3) plus one meta-postulate (MO0). In
v1.0 the corresponding count was four axioms. The reduction 4 — 3 is conditional on explicitly
naming MO; the total number of fundamental assumptions is unchanged. The move is qualitative:
MO is a strictly weaker hypothesis than full PSL(2,Z)-invariance, and the content of PSL(2,Z)-
invariance is now derived from A1, A2, and MO rather than postulated.

The three axioms
Al. Complex time. 1 € H? = {t € C: Im(1) > 0}.

Physical motivation for A2

A2 is a structural identification in the regime of MO (structural realism), not a dynamical
reduction from QED. We do not derive the photon as a specific field excitation of a pre-existing
spacetime Lagrangian; we identify, at the level of admissible topological types compatible with A1l
+ MO, the minimal content that deserves the label “photon”.

Three strands of motivation converge on the elliptic-curve identification:

1. Closed self-referential worldsheet. In the pre-axiomatic picture, a photon is what it is
because its phase accumulates on itself: it “experiences length” as accumulated phase ® over a
closed self-referential structure (substrate = generation-0 of the self-reference chain). See foton-
proziva-delku.md and seberference-x-na-x.md, where x"x is read as the kernel of self-reference

on which the photon is the degree-0 example.

N

C/(Z + Zx) is, up to biholomorphism, the
simplest closed Riemann surface (genus 1) compatible with (a) a global U(1) gauge

2. Toroidal topology. The elliptic curve & 1
structure (non-trivial first cohomology H' = 7Z2), (b) a single complex modulus t (one
continuous parameter), and (¢) no distinguished basepoint. Genus 0 has no modulus; genus > 2
carries 3g — 3 > 1 moduli. Genus 1 is forced by minimality + non-triviality.

3. Opposite arrow (important for the QED direction). In this framework A2 is not
quantised from QED. Instead, quantum mechanics flows out of t-geometry: Schrédinger, Born,
Heisenberg are derived as consequences of A1 + A2 + MO + A3 in the appropriate limit. See
Appendix A for derivation of QM from t-geometry — this establishes that photon
quantization need not be imposed externally on A2. Extended research note in qm-

limit-p3.md.

Consequently A2 is to be read as a definition of the photonic object inside the t-framework, not as
a theorem about the photon of perturbative QED. The two should agree in the flat, weak-coupling
limit — this agreement is what P3 (QM limit) establishes — but the logical arrow runs from t to
QED, not the reverse.

A2. Photonic space. Space is the real projection of phase rotation in 1. One 2 rotation together
with a quaternionic companion direction constitutes one photon; spatial dimensions arise from the
quaternionic extension of 1. Topologically, this identifies the photon with S!' x S! equipped with

complex structure T — i.e., an elliptic curve.

A3. Observer projection (reformulated 2026-04-19 as A3 = S-reflection). A classical
observer measures the Stab(i)-invariant of the modular geometry. Along the canonical geodesic 1, =
0 this is the signed hyperbolic distance from i:

\[\varphi(\tau) = \In|\tau_ 2| = d_ {\mathbb{H} 2} (\tau, i)\cdot\mathrm{sgn}(\tau 2 - 1)\]

»

The naive formulation “the observer measures Re(t)” is equivalent to this along the geodesic
through i (where Re(t) = 0 and ¢ is the next meaningful coordinate), but is not PSL(2,Z)-
invariant and so is ill-defined under MO globally. The reformulated A3 commits only to the Stab(i)
= (S: T — —1/1) subgroup — a Z, reflection — which is compatible with MO + Theorem 1 and
uniquely selects the T-model effective potential (see §Effective action). Details in p8-posledni-

odraz-do-i.md §VIII and kauzalni-stred-lokalni-i.md.

(The former A8 of v1.0 — modular invariance under PSL(2,Z) — has been demoted to Theorem 1,
derived below from A1 + A2 + M0.)

Theorem 1: Modular invariance

Claim. Given A1, A2, and MO, physical observables are invariant under the action of PSL(2,Z) on
H-~
Proof sketch.
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Step T.1 Photon = elliptic curve. A2 identifies the photon with a closed 2m rotation (one circle
S') plus a quaternionic companion direction (a second, independent circle S'). The topological
product is a two-torus S' x S'. Equipped with the complex structure inherited from t € H?, this
torus is an elliptic curve & 1= C/(Z + Zv).

Step T.2 — Moduli space. Classical theorem of the theory of modular forms (e.g. Diamond &

Shurman, A First Course in Modular Forms, §1): the moduli space of complex-structured elliptic

curves over C is H?/PSL(2,Z). Two parameters 1, U € H? yield isomorphic elliptic curves if and

only if they lie in the same PSL(2,Z) orbit.

Step T.3 — Apply MO. By MO, a physical observable is a function on isomorphism classes, not on

representatives. Two 1, T yielding isomorphic photons necessarily yield the same observable value
otherwise the observable would be labelling representatives rather than measuring structure, in

direct violation of MO.

Conclusion. Physical observables factor through the quotient H? — H?/PSL(2,Z) and are therefore
invariant under T: T — t+1 and S: T — —1/1, the generators of PSL(2,Z). O

Remark. This replaces the postulated A3 of draft v1.0 with a derivation from A1l + A2 + MO.
The substantive content of the move is that MO is strictly weaker and more general than the
assertion “PSL(2,Z) is a symmetry group”: MO commits only to observables-see-structure, not to
any particular symmetry group. The specific group PSL(2,Z) then arises as the automorphism
group of the moduli space of elliptic curves, which is forced by A2. See proc-psl2z.md for a longer
discussion including two visualizations (the “donut on a plate” analogy for moduli space and the

“hot room with cold floor” analogy for the H? structure).

Derivation chain

Step 1: K = —1 from Theorem 1 4 canonical kinetic assumption

Theorem 1 establishes that observables are PSL(2,Z)-invariant. However, this alone does not
uniquely select the Poincaré metric: one could multiply ds?> = (dx®> + dy?)/y? by any modular-
invariant scalar function (e.g. a function of Klein’s j-invariant) and retain PSL(2,Z)-invariance
while altering the curvature. We therefore make explicit the additional assumption under which
Theorem 1 leads to a = 2/3:

Assumption K (canonical kinetic structure). The effective field-space kinetic term is the
unique PSL(2,R)-invariant metric on H? i.e. the Poincaré metric

\[ds™2 = \frac{dx"2 + dy"2}{y"2}.\]

Justification. The o-attractor class (Kallosh-Linde 2013) is defined by a canonical kinetic
Lagrangian of the form L_kin = —% (01)(07)/(Im 1)?> — i.e., precisely the Poincaré metric. Any
modular-invariant rescaling (by a function of j) would produce a non-canonical kinetic term outside
the a-attractor class. Assumption K states that the effective theory lies in the a-attractor class,
which is the minimal assumption compatible with a supergravity-motivated kinetic sector. It is
strictly weaker than a full field-theoretic derivation from a microscopic Lagrangian (which we do
not attempt here), and it is what allows the a = 2/3 conclusion to follow from Theorem 1.

Uniqueness (Poincaré uniqueness lemma, 2026-04-19). Once the effective kinetic tensor is
additionally required to be a complete Riemannian metric of constant Gaussian curvature and
finite volume on X(1) — call this combined condition Assumption K' — the Poincaré metric is
unique up to overall scaling. The proof invokes the classical uniformization theorem (Ahlfors—Sario
1960; Farkas-Kra 1992; Beardon 1983) together with the fact that the Teichmiiller space of
orbifolds of signature (0; 2, 3, 0o0) is a single point (Thurston 1980; Farb-Margalit 2012). This
closes the logical gap raised by external review N2 (arbitrary modular-invariant conformal
rescalings such as multiplication by a function of the j-invariant). Full statement and proof in

lcmma‘—p oinca I‘(‘,—Uﬂiql leness.m d .

Reduction of Assumption K’ to Assumption K (2026-04-19, §N of the lemma). Two of
the three conditions in Assumption K' — completeness and finite volume — are derivable from
the third (constant curvature K = —1) together with Al and the topology of X(1). Completeness
follows from a Liouville rigidity argument at the cusp (the unique modularly invariant solution of
the Liouville equation Ag = e {2¢} with cusp asymptotics is the Poincaré form, for which [dy/y
diverges). Finite volume follows from the orbifold Gauss—Bonnet theorem applied to x_orb(X(1)) =
—1/6, giving Vol = m/3. Thus Assumption K’ collapses to Assumption K (canonical Poincaré
kinetic term, equivalently K = —1) without loss.

With Assumption K, the Poincaré metric has constant Gaussian curvature K = —1 as a theorem
of hyperbolic geometry (not an assumption).
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Open problem P11 (narrowed, §0 of the lemma). Derive Assumption K from Al + A2 +
MO alone. After the §N reduction, the residual gap is a single bit — choice of f(t) = 1 in the general
modular-invariant conformal family f(t) - §_{IJ}/t,% In §O of lemma-poincare-uniqueness.md five
candidate variational principles were examined rigorously: (1) geodesic completeness — fails
(completeness holds for any smooth positive f); (2) Liouville action — circular (requires K = —1 as
input); (3) Kéhler structure from A2 — insufficient (in complex dimension 1 any Hermitian metric
is Kéhler); (4) Weil-Petersson metric on M_ {1,1} — succeeds rigorously (classical result
of Wolpert 1985, Imayoshi-Taniguchi 1992, Zograf-Takhtadzhyan 1987: the WP metric on the
moduli space of elliptic curves equals the Poincaré metric up to global scale, with no modular-
invariant conformal freedom); (5) Fuchsian uniformization duplicates §II. Path (4) closes P11
conditional on a strengthening A2*: the field-space kinetic tensor is (up to scale) the Weil-
Petersson metric on M_{1,1}” A2* is a theorem in stringy/supergravity reductions on elliptic
fibres and a one-line geometric postulate in KRT. With A2* accepted, f = 1 is a theorem, not a
postulate; the residual gap reduces from ,choice of function f(t)” to ,acceptance of A2+” We keep
P11 flagged conservatively in line with disciplinary Rule 7 (explicit naming of residual
assumptions).

Step 2: Area(y) = n/3

The fundamental domain /of PSL(2,Z) has hyperbolic area n/3, from Gauss-Bonnet applied to the
orbifold X(1) with Euler characteristic x(X,) = —1/6.

Step 3: a = 2/3

The a-attractor field-space curvature is K_fields = —2/(3a). Setting K_fields = K = —1:
\[\alpha = \frac{2}{3} = \frac{2\,\mathrm{Area}(\mathcal{F})}{\pi} = -4\chi(\mathcal{X} 1)\]

a is a topological invariant. It cannot be changed by smooth deformations preserving the orbifold
topology.

Step 4: r = 2(1 — ns)?

From the universal a-attractor formulae, eliminating Ne:

\[r = \frac{8}{N_e72}, \quad n_s = 1 - \frac{2}{N__e} \quad\Rightarrow\quad r = 2(1-n_s)"2\]
For ns = 0.9649 (Planck 2018): r ~ 0.0025, N. = 57.

The e-folding count N. enters here as an observational input, but is a candidate for derivation
rather than a free parameter: N. = 60 = |A;| = [PSL(2,Z) : I'(5)] is the index of the principal
congruence subgroup at level N = 5, the maximal spherical level of the Coxeter triple (2, 3, 5) that
extends the elliptic orders (2, 3) of X(1). Status — three candidate paths (I'(5)-index, icosahedral
closure of the (2,3) stabilizers, Poincaré homology sphere S?/A; as the compact arena of Theorem
3); none is yet rigorous. See ne-60-derivace.md.

Effective action

Kinetic sector (fundamental, PSL(2,Z)-invariant)

The kinetic term, derived from Al + A2 + MO via the Poincaré metric on H?, is:
\[\mathcal{L} {\text{kin}} = -\frac{1}{2}\frac{(\partial\tau_ 1)"2+(\partial\tau_2)"2}{\tau_272}\]

This is the standard hyperbolic metric on H? with Gaussian curvature K = —1 (Theorem 1). In o-
attractor terminology, this corresponds to a = 2/3. The kinetic term is fully PSL(2,Z)-invariant.

Effective inflaton potential (T-model)

Efektivni potencial. Infla¢ni dynamika je popsdna efektivnim potencidlem

\[V_{\text{eff} }(\varphi) = \Lambda~4\tanh™2\!\left (\frac{\varphi}{2}\right),\]
interpretovanym jako single-field limit plné PSL(2,Z)-invariantni akce na moduli prostoru X(1).
Derivace tohoto efektivniho potencidlu z mikroskopické modular-invariant akce (plné moduldrni
invariance v ¢ = {t, 0_p T}) zUstdvd otevienym problémem (Open Problem B4; viz problem-
potencial.md a eom-odvozeni.md).

V tomto efektivnim potencidlu je @ = In 1, (pro 1; = 0) kanonicky inflaton, identifikovany s
hyperbolickou vzdalenosti od 1 = i v Poincarého metrice. V() je canonical a = 2/3 T-model

(Kallosh-Linde 2013). Plné efektivni akce je:
\[S_{\text{eff}} = \int d"4x\sqrt{-g}\left[\frac{M_ \mathrm{P1}"2}{2}R - \frac{1}{2}\frac{(\partial\tau_1)"2+(\partia
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kde kineticky sektor je plné PSL(2,Z)-invariantni (K = —1, Theorem 1), zatimco potencidlni sektor
je Stab(i)-kovariantni (T-model selected axiomaticky A3 = S-reflection).

Numerické ovéfeni. Pro N_e = 57 ddvéd tento efektivni potencial r = 0.00239 (viz slow-roll-
numericky.md), v souladu s topologickou predikei r = 2(1—n_s)? # 0.0025. Relace r = 2(1—n_s)?
plati numericky s presnosti ~2 % pro N_e > 40.

Important clarification

A previous version of this paper (v1.1.6 and earlier) specified V = A4 tanh?(H(t)/2) with H(t) =
—In[t,|n(t)]4], using the Dedekind eta function. This is fully PSL(2,Z)-invariant but does not
reproduce r ~ 0.0025 — direct numerical analysis shows it gives r ~ 1075 due to doubly-
exponential approach to plateau (see problem-potencial.md).

The T-model V = A4 tanh?(¢/2) is stabilized by the subgroup Stab(i) = Z, (elliptic point of order
2 under PSL(2,Z)), not the full modular group. This is a direct consequence of the
reformulation A3 = S-reflection: the classical observer measures a Stab(i)-invariant, so the
effective potential is necessarily Stab(i)-covariant rather than fully PSL(2,Z)-invariant. Under A3,
the T-model is the unique simplest choice — not an empirical fit.

An earlier conjecture that the T-model might be derived from a fully PSL(2,Z)-invariant potential
via modular averaging has been ruled out by explicit computation: see b4-modularni-
prumerovani.md, which shows that plain modular averaging cannot convert the double-exponential
H(t) of the n-function-based potential into the linear canonical field ¢ of the T-model.
Consequently, the T-model is accepted as the effective potential selected by A3, not as a
derivation from a larger modular structure. The previously listed “Open problem 8 (P8) —
derive T-model from modular averaging” is therefore declared closed: negatively (the derivation
does not exist), with the positive statement being that A3 axiomatically selects the Stab(i)-effective
theory.

For the purposes of this paper — the prediction r = 2(1—n_s)? # 0.0025 — the T-model is the
correct effective potential, and the a = 2/3 value follows from the kinetic sector (K = —1 from

Theorem 1), which is fully invariant.

Model comparison

T-geometry (this work) | 2/3 | 2 | 0.0025
Starobinsky R? 1 3 | 0.0037
KL attractor (3a = 7) 7/3 | 7 | 0.0086
KL attractor (3o = 1) 1/3 | 1| 0.0012

Key: our value 3a = 2 is absent from the Kallosh-Linde M-theory benchmark list. It
corresponds to the IIB axiodilaton sector, derived here from the topology of the modular parameter

space.

JWST Little Red Dots

As an independent observational hook: LRDs are interpreted as first-order phase-domain relics

of the Im-dominant phase of early-universe t-geometry. The Compton-thick obscuration = domain

wall (¢-gradient boundary). Predicted number density:

\[n_ \mathrm{LRD}(z) \propto \mathrm{erfc}\!\left(\frac{\phi_\mathrm{crit}-\bar\phi(z)}{\sigma_\mathrm{domain}}

Nucleation rate I' « e {—m/3} ~ 0.35, consistent with ~1% observed LRD abundance.
This prediction is testable now with existing JWST/RUBIES and JADES data.

Interpretation: relational realism, no parallel worlds

The reformulation A3 = S-reflection has a sharp interpretational consequence that distinguishes this
framework from many-worlds and multiverse-type interpretations of quantum mechanics and
cosmology. We state it explicitly:

Interpretational postulate. The substrate algebraically contains multiple reflections (Z/2 at i,
Z/3 at p, Z/N at higher-level cosets); the classical observer projects onto a single Stab(i)-invariant
slice. The non-selected reflections are not located in parallel branches, alternate universes, or modal
worlds they are structural facts of one reality, accessible through group-theoretic transitions

(weak-force flavour change, parity reversal, etc.) within the same observer’s relational network.
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Concretely:

® The three fermion generations (e, y, T; u, ¢, t; d, s, b) are the three Z/3-rotational positions at
p of the same fermionic mode — not three particles in three worlds. Transitions between them
(p — e via weak decay, CKM/PMNS mixing) are mediated by the centre Z(B,;)  weak force,
within the single observed reality.

® Quantum superposition |¢) = «|T) + B|J) represents the algebraic Z/2 structure at i; the Born
rule |aj?> emerges in the gm-limit derivation as the measure of how deeply the f-reflection is
imprinted in the Stab(i)-projection. Both outcomes are structurally present; only one is
observed. Neither is “elsewhere”.

e The cosmological S? physical space (Theorem 3) is the whole spatial content accessible to an
observer; there is no multi-S* landscape, no inflationary multiverse branching. The modular
tower X(N) describes levels of substrate complexification relative to one projection, not

separate universes.

This is relational monism: one substrate, one projection per observer, all algebraic reflections
compactified into the same reality as structural facts of its group theory. It is weaker than modal
realism (Lewis), stronger than Copenhagen (no collapse as irreducible postulate — collapse is A3
projection), and strictly incompatible with Everett many-worlds, eternal-inflation multiverse, and
string-landscape pluralism.

Under this interpretation, the theory’s predictions (r = 0.0025, sin’6_ W(GUT) = 1/3, N_e
derivation toward 60) are unique to our universe, not anthropically selected from a larger
ensemble. If they are correct, they describe the structure of the one reality the observer inhabits.

Open problems

1. End of inflation and emergence of three fermion generations requires two-field
analysis (1;, T,) near the p-point. Under the v1.1 framing, the p-point is the Z; elliptic fixed
point of the modular group, and its two-field analysis is simultaneously the mechanism for the
emergence of three fermion generations (cf. tier 3.3 of the roadmap). Under Conjecture 2
(force attribution, originally introduced as candidate Theorem 2 in v1.1.2; see tri-mista-ctyri-
sily.md), the p-point is further identified as the topological source of the strong SU(3) sector, of

which the three-generation structure is one manifestation.

Theorem 3 (curvature from quaternion frustration, proved 2026-04-18). Three
anticommuting vector fields X _a with [X_a, X b] = 2 {abc}X_c generate a 3-manifold with
constant Ricci tensor Ric_ab = 25 _ab and scalar curvature R = 6. This manifold is S° = SU(2)
with bi-invariant metric. Flat space is algebraically excluded. Proved by direct Ricci computation
via the Killing form B_ab = -85_ab and the standard formula Ric = -B/4 for bi-invariant metrics
on compact Lie groups. Detailed exposition in ricci-theorem-3.md. Complementary to Theorem 1
(field space H?, K = -1): physical space S?, K = +1, total curvature zero.

P3 resolved (QM from t-geometry, 2026-04-18). Schrédinger equation, Born rule, and
Heisenberg uncertainty are derived consequences of t-geometry, not postulates. Quantum state ¢ =
e~ (iS/h) is the accumulated Im(t) phase; Schrodinger iAoy/dt = Hy is Hamilton-Jacobi read in
this variable; Born rule

Y|? follows from projection A3 (observer measures Re(t)); complementarity
x o p is Fourier duality of Re o Im projections of ¢”(i©®). Full derivation in ¢qm-limit-p3.md.
Critical issue — potential specification (2026-04-18). Numerical analysis reveals that the
fully PSL(2,Z)-invariant potential V = A4 tanh?(H(t)/2) with H = -In(t,|n|*) specified in Eq. (115)
does NOT reproduce the prediction r = 2(1-n_s)? # 0.0025 — it gives r ~ 1075 due to doubly-
exponential approach to plateau. The standard a = 2/3 T-model potential V = A4 tanh?(¢/2)
(where ¢ = hyperbolic distance from 1 = i) does give r » 0.0024 for N_e = 57, matching the
paper’s prediction. Paper requires revision to specify T-model as effective potential, with fully
modular-invariant description as higher-level open problem. Details in problem-potencial.md,
numerical verification in slow-roll-numericky.md.

A__eff from Theorem 3 (2026-04-18). With Theorem 3 giving spatial S* with R™(3) = 6
(M_PI units), the induced 4D cosmological constant satisfies A_eff/M* Pl = 3/(M_Pl-a_S?)2,
where a_S? is the S® radius. For a_S? of order Hubble radius today (c/H,), this gives A_eff/M* Pl
~ 107122 — order-of-magnitude match with observed cosmological constant. The hierarchy
problem A_obs/A_Planck ~ 107'?? is reduced to: why is the S? radius so large? (Physically
meaningful question about universe age/expansion, not fine-tuning.)

P1 partially resolved (EOM derived 2026-04-18). Euler-Lagrange equations for the effective
action above are explicit: ©; + 3Ht, - (2/1,)T,T, + 1,20V /01, = 0 and analogous for T,. Friedmann
equation 3H2M? Pl = (1/21,?)(t,2 + t,2) + V. In canonical variable ¢ = In(t,) with 1, = 0, reduces

to standard slow-roll a-attractor equation. The identification K_ fields = K = -1 is derived,
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not assumed: the kinetic term IS the Poincaré metric whose Gaussian curvature is K = -1 by
Theorem 1. Prediction r = 2(1-n_s)? now follows from EOM, not only from universal a-attractor

formulae. Detailed derivation in eom-odvozeni.md.

Theorem 2 (Fuchsian completeness, proved 2026-04-18). Given A1, A2, MO0, and Theorem
1, the set of PSL(2,Z)-orbit types on H? augmented by the global orientation datum has exactly
four elements. This is a consequence of (a) the classification theorem for finite stabilizers in
Fuchsian groups (Katok 1992), (b) the integrality of trace for M € SL(2,Z), which restricts elliptic
orders to {2, 3} in PSL(2,Z), (c) the uniqueness of the cusp class, and (d) the two global
orientation choices. The four topological data are: cusp (parabolic, infinite stabiliser), i (elliptic,
Z,), p (elliptic, Z;), orientation. Completeness (no fifth mode) is proved in theorem-2-
completeness.md. Theorem 2 as stated here does not attribute specific SM forces to

these modes; it is purely a statement about orbit-type combinatorics of PSL(2,Z).

Conjecture 2 (force attribution). The four fundamental forces of the Standard Model are
identified with the four topological data of Theorem 2 by the natural assignment: gravity o cusp,
electromagnetic ~ i, strong o p, weak o orientation. This assignment is motivated by physical
characteristics (long-range « cusp infinity, chirality ~ orientation, triple structure of colour « Z,
at p, neutrality under reflection « Z, at i) and is consistent with the B; central extension
derivation in attribution-pletence-b3.md. Conjecture 2 is structurally natural, not formally
derived; its promotion to a theorem is an open problem. Detailed exposition with honest flags in

tri-mista-ctyri-sily.md.

2. N. from t-geometry — candidate: Ne = 60 = |A;| = |PSL(2,Z/5Z)|, currently numerological.
Under the “complexification as climbing the modular tower” reframing (see fotony-stavaji-se-
komplexnimi.md), this becomes the depth of the modular tower required to reach the first
habitable cover.

3. Reheating temperature — coupling T — SM through Cayley-Dickson structure, not yet
quantified. A candidate structural answer in v1.1.3 (see cerna-dira-jako-pochopeni.md):
emergence of the many-body structure from a single rotation is not a dynamical process but a
consistency requirement of the relational substrate — an isolated configuration with a
nontrivial moment of rotation is logically underdetermined (“a direction without a second
point”), and the substrate resolves this by forcing the other end of the relation into existence. If
this reframing survives formalization, emergence itself becomes a non-problem rather than an
open dynamical question, analogously to how Theorem 1 (modular invariance) became a
theorem rather than an axiom.

4. Cosmological constant — V(p) = 0.11A4 # 0, fine-tuning not avoided.

5. Metric structure of the complexification arrow (companion essays). The metric
structure of the complexification arrow — x"x as self-reference kernel, i"i as projection loss, CF
band structure for fundamental constants (P5), and preaxiom formalisation via CCC / Lawvere
/ Yanofsky (P6) — is developed in the companion essays seberference-x-na-x.md, rez-a-prvni-
chyba.md, and seberference-kategorie.md. These are structural commentaries on the
preaxiomatic layer beneath MO; they are not part of the core derivation of r = 2(1—n_s)?
and are not prerequisites for any formal result quoted in this paper. They are noted here so
that readers interested in the broader self-reference programme can locate them.

6. P7 — Dynamical stabilisation of the S* radius (open). Theorem 3 plus A_eff ~ 10722 is
a consistent order-of-magnitude match, but no dynamical mechanism is yet known that shows
why the S* radius today is precisely the Hubble radius. The hierarchy reduction “A_obs/
A_Planck ~ 10722 = (a_S*-M_PI1)=?” recasts the cosmological-constant problem as an
age/expansion question rather than a fine-tuning in the Lagrangian, but a non-trivial
stabilisation mechanism (attractor, back-reaction, or topological constraint fixing a_S% ~
¢/H,) is deferred to companion work. Reheating dynamics and a T-model microscopic

derivation also remain open (P8-dynamics); see 00-roadmap.md.

7. Fermion mass spectrum and generation structure not yet addressed; depends on
Conjecture 2 coupling mechanism and P4.

8. P8 — CLOSED (2026-04-19 night). The T-model effective potential V(¢) = A4 tanh?(¢/2)
is the Stab(i)-invariant simplest effective potential selected by axiom A3 = S-reflection. An
attempted derivation from a fully PSL(2,Z)-invariant potential via modular averaging has been
ruled out by computation (b4-modularni-prumerovani.md): the double-exponential structure of
the n-function potential cannot be flattened to a linear argument by any plain averaging. The
T-model is accepted as postulate consequence of A3, not as derivation from a larger structure.
This is the only coherent interpretation consistent with the reformulated A3. The a = 2/3 value
is independent — it follows from the kinetic sector (K = —1, Theorem 1 + Assumption K).
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9. Lepton mass ratios (Koide 2/3 = a-attractor 2/3) — PROMOTED to §“Koide-a
identity” in v1.3.0. The Koide relation @ = 2/3 is now a derived result of the framework (see
the dedicated section above) and a second hard prediction of the paper (m_t = 1776.97 MeV
vs. measured 1776.86 MeV). Quark and neutrino extensions remain open; these are the residual
open items in the flavour sector.

10. P11 — Derive Assumption K (canonical Poincaré kinetic term) from Al1+A2+4+MO.
Theorem 1 alone does not uniquely select the Poincaré metric; an additional premise (canonical
a-attractor kinetic structure) is required. Narrowed 2026-04-19 (§N of lemma-poincare-
uniqueness.md): completeness and finite volume are now derivable from K = —1 + Al
(Liouville rigidity at the cusp; orbifold Gauss—Bonnet). The residual gap is a single bit — the
conformal factor f(t) in the most general PSL(2,Z)-invariant kinetic tensor f(t) -8 {IJ}/1,2
must be shown = 1. Candidate approach: 2D CFT / supergravity reduction on elliptic moduli.
See Step 1 of the Derivation chain above.

11. B4 — Derivace T-modelu z plné moduléarni akce (). Ukédzat, ze v efektivni single-field
limité plné PSL(2,Z)-invariantni akce se ziskd T-model V_eff(¢) = A4 tanh?(¢/2). Motivace:
paper v1.3.1 specifikuje T-model jako efektivni potencial (Cesta B z problem-potencial.md),
nebot fully modular-invariant volba V. = A4 tanh?(H(t)/2) s H = —In[t,[n(1)[|4] nedévd r =
0.0025 (plain modular averaging vylouceno vypoétem v bd-modularni-prumerovani.md). B4
hledd alternativni cestu mize zahrnovat integraci nad T, (transverzalni moduli),
Rademacher-type sumy, supergravitacni redukci, nebo techniku mimo modular averaging.
Odhad: 2-6 tydnu. Status tohoto problému je — otevieny, nikoli témér vyteSeny; numericka
predikce r = 0.00239 (N_e = 57) neni B4 podminéna, nebof se vyhodnocuje pfimo na
efektivnim  potencidlu  V_eff. Viz problem-potencial.md, eom-odvozeni.md, slow-roll-

numericky.md.

Status

® [aTeX source: research/output/paper-draft-vi.tex — not yet written; the markdown
version on this page is the working draft.

e Next: Adam reviews v1.1 revision (A3 — Theorem 1) and the proc-psl2z.md derivation, then
LaTeX transcription and arXiv submission (hep-th or astro-ph.CO).

® LRD test: immediately possible with Kocevski+2024 catalogue.

Koide-a identity: lepton masses from t-geometry

The topological invariant « = 2/3 of Theorem 1 is read off the Kéhler sector in the cosmological
slow-roll channel (giving r = 2(1—n_s)? ~ 0.0025). We show here that the same invariant, read
in the flavour sector, fixes the Koide relation for charged leptons with ppm accuracy and

yields a clean prediction for m_ 1.
Koide’s empirical relation (1981)

For the three charged leptons,

\[Q \;\equiv\; \frac{m_e + m_ \mu + m_ \tau}{\bigl(\sqrt{m_e}+\sqrt{m_ \mu}+\sqrt{m_ \tau}\bigr)"2} \;=\; \frac{:
Numerically (PDG 2024): Q = 0.66666051, matching 2/3 = 0.66666667 to a relative accuracy of

9-1076. Koide’s relation has been an open structural puzzle since 1981: the SM contains no

mechanism that relates the three lepton masses, yet they lie on this geometric surface with an

accuracy better than the experimental error bar on m_t itself. KRT provides the first

structural explanation: the value 2/3 is the topological invariant of X(1) = H?/PSL(2,Z)

(Theorem 1), and the geometric angle 8 = m/4 between the ym-vector and the democratic axis is

forced by the SU(2)—SO(3) spinor character of the observer. The numerical coincidence at the

ppm level becomes a theorem modulo identification of the flavour sector with the Kéhler geometry
of X(1).

Geometric reformulation

Let v=(ym_e, ym p, ym 1) € R% and let n = (1,1,1)/4/3 be the democratic axis. Then
\[Q \;=\; \frac{|v["2}{(v\cdot\mathbf{1})"2} \;=\; \frac{1}{3\cos™2\theta}, \qquad \cos\theta \equiv \frac{v\cdot n}{|x
The identity Q = 2/3 <= cos?0 = 1/2 <= 0 = m/4 is an exact algebraic equivalence. Measured:

0 = 44.99974° (within ~1 arc-second of 1m/4). The ym-vector of the three charged leptons lies on the
spinor cone of half-angle n/4 around the democratic axis.
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The two 2/3s are the same invariant

The factor 2/3 appearing in Koide’s relation is not a coincidence with the a-attractor exponent: it
is the same Kihler invariant of X(1) read in two sectors.

e In the inflationary sector (Theorem 1 + Assumption K): the Kéhler potential K = —a In(...)
with a = 2/3 sets the field-space curvature K_fields = —2/(3a) = —1 and produces the slow-
roll relation r = 2(1—n_ s)%.

e In the flavour sector: the same factor 2/3 = 1/(3 cos?(n/4)) appears as the Koide exponent.
The factor 3 is the democratic-simplex dimension (three charged-lepton generations = three
fixed-point orbits under PSL(2,Z) in the sense of Theorem 2); the factor cos?(n/4) = 1/2 is the
spinor half-angle of the observer, derived below.

The spinor half-angle n/4

The observer is a spin-1/2 object (charged lepton). A physical m/2 rotation of flavour space (the
canonical “orthogonalisation” that would maximally distinguish generations) is read by the
observer through the SU(2) — SO(3) double cover at half-angle: what is objectively m/2 in the
flavour rotation is observed as m/4 in ym-space. The angle n/4 is the unique balance point at which
|Re| = |Im| in the observer’s spinor frame — the point at which the ym-vector is maximally off the
democratic axis compatibly with the spinor projection. See companion note pozorovatel-je-
spinor.md.

The 2/3 factor is thus structurally overdetermined: the value is forced by (a) the three-generation

democratic simplex and (b) the spinor half-angle of the observer. Both are topological facts, not fit

parameters.
Prediction: m_ t from (m_e, m_p)

Taking PDG inputs m_e = 0.5109989 MeV, m_p = 105.6583755 MeV and solving Q = 2/3 for

m__T yields
\[\boxed{\; m_ \tau {\text{KRT}} \;=\; 1776.97\ \text{MeV} \;}\]

PDG measured value: m_t = 1776.86 + 0.12 MeV. Deviation: +0.11 MeV, i.e. 6 + 1075 relative,
within experimental lo. This is a KRT computation, not a fit the value 2/3 enters as the
topological invariant of X(1), identical to the a-attractor exponent; there is no free parameter.

Open: quarks and neutrinos

® Quarks. The direct Koide combination for quarks does not give Q = 2/3 (up-type Q ~ 0.56,
down-type Q ~ 0.70). KRT predicts that the spinor half-angle argument must receive a QCD
confinement correction from the Stab(i) structure in the colour sector; the quantitative form is
open. See lepton-masy-spinor.md §IV.

e Neutrinos. The corresponding Koide combination for neutrino masses (inferred from
oscillation data) is consistent with a different angle; a strict test awaits absolute-mass
resolution.

The lepton sector is the clean case in which the Koide-a identity is exact to ppm. Quark and

neutrino extensions are open problems; they do not affect the lepton result.

Predictions / Numerical Results

The framework contains no free parameters. Two independent hard predictions follow from the
single topological invariant \(\alpha = 2/3\) (Theorem 1, Kahler sector of X(1)); two further
conjectural predictions follow from candidate topological derivations of the e-folding count and the

electron mass.

(a) Tensor-to-scalar ratio (inflationary sector — hard prediction). The topological
relation between the spectral index and the tensor ratio follows parameter-free from
\(\alpha = 2/3\) via the slow-roll structure of the a-attractor T-model:

\[r \;=\; 2(1-n_s)"2 \;\xrightarrow{\;n_s = 0.9649\;}\; r \approx 0.0025.\]

This  prediction is  explicitly —anchored to the T-model effective potential
\(V_{\text{eff}}(\varphi) = \Lambda™4 \tanh™2(\varphi/2)\) (the effective single-field limit of
the fully modular-invariant action; see “Effective action” above). Numerical slow-roll integration
gives \(r = 0.00239\) for \(N_e = 57\) (see slow-roll-numericky.md), consistent with the
topological relation to \(\sim 2\%\). Testable by LiteBIRD (\(\sim 2032\)) and distinguishable
from Starobinsky \(R™2\) (\(r \approx 0.0037\)) at \(\sim 1\)-\(2\sigma\) with LiteBIRD +
CMB-54.
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(b) Koide-a identity and \(m__\tau\) (flavour sector — hard prediction). The same
topological invariant \(\alpha = 2/3\), read in the flavour sector, fixes the Koide relation for

charged leptons:

\[Q \;=\; \frac{m_e + m_\mu + m_\tau}{(\sqrt{m_e}+\sqrt{m_\mu}+\sqrt{m \tau}) 2} \;=\; \frac{2}{3}, \qquad
Measured \(m_ \tau 1776.86 \pm 0.12\) MeV; deviation \(6 \times 107{-5}\), within
\(1\sigma\). The value \(2/3\) is the same topological invariant as in (a), read in a different

sector — not an independent parameter. See the dedicated “Koide-a identity” section above for the

derivation.

Both (a) and (b) are parameter-free consequences of Al + A2 + MO + Assumption K (canonical
Poincaré kinetic term) together with A3 = S-reflection; they are not fits.

(c) Topological \(N_e = 60\) — conjectural, pending rigorous bridge. A candidate
derivation identifies the e-folding count with a topological index of the modular tower, most

naturally the index of the principal congruence subgroup \(\Gamma(5)\) in
\(\mathrm{PSL}(2, \mathbb{Z})\):

\[N_e \;\stackrel{?}{=}\; [\mathrm{PSL}(2, \mathbb{Z}) : \Gamma(5)] \;=\; 60.\]

Conditional on this identification (which requires establishing a rigorous physical bridge “1 e-

folding = 1 \(\Gamma(5)\)-coset”, currently open), the CMB observables become rigid:

\[n_s \;=\; 1 - \frac{2}{60} \;\approx\; 0.9667, \gquad r \;=\; \frac{8}{6072} \;\approx\; 0.00222.\]
Honest flag (per Rule 2, 00-status.md §V): This identification is listed as a candidate in the
corpus (00-status.md §II, row “\(N_e = 60 = |A_5|\)”) with three candidate routes (I'(5) index,
Coxeter (2,3,5) spherical closure, Poincaré homology sphere \(S™3/A_5\)), none of which currently
supplies the rigorous physical step. See ne-60-derivace.md. Prediction (a) above is independent of
this conjecture; prediction (¢) would only replace (a) as a rigid bound if the bridge is closed.

(d) Electron mass from Clifford-algebra volume — conjectural, anchor-invariant
candidate. A candidate derivation writes the absolute electron mass as the Planck scale
suppressed by the volume of the Dirac Clifford algebra:

\[\boxed{\;m_ e \;\stackrel{?}{=}\; \frac{M_ {\text{PLfull}}}{\sqrt{4\pi}} \cdot e~ {-\pi \cdot \dim \operatorname{Cl}(

Each factor is structurally motivated by the framework:

o \(M_{\text{PLfull}} = \sqrt{\hbar c¢/G}\) is the primary Planck scale (no \(8\pi\)
normalisation). In KRT the gravitational coupling \(G\) is derivable from Theorem 3 at the
order-of-magnitude level via the quaternionic frustration \(\mathrm{Ric} = 2\delta\) on
\(S73Y)-

e \(1/\sqrt{4\pi} = Y_{0,0}\) is the ground-state spherical harmonic on \(S™2\), the isotropic
angular amplitude of the quaternionic observer \(q \in S™3 \subset \mathbb{H}\) projected
radially onto its imaginary sphere \(\operatorname{Im}(q)/|\operatorname{Im}(q)|\).

e \(\dim \operatorname{Cl}(1,3) = 16 = 1 + 4 + 6 + 4 + 1\) is the full Clifford-algebra
dimension of the Dirac representation (P14 core, ), enumerating all graded Clifford-amplitude
channels of a single observer.

Numerically, with \(M_ {\text{PLfull}} = 1.22089 \times 107{19}\) GeV, the tree-level expression
gives \(m_ e {\text{pred}} = 0.50940\) MeV versus the PDG value \(m_ e = 0.510\,999\) MeV;
the deviation is \(0.31\%)\), which matches the order of the natural QED one-loop correction
\(\alpha_ {\text{em}}/\pi \approx 0.23\%)) running from \(M_ {\text{P1}}\) to \(m_e\).

Anchor-invariance consistency check. The four topological data of Theorem 2 (the two elliptic
fixed points, the cusp, and the orientation) each provide an equivalent parametrisation of the same
exponent \(\pi \cdot \dim \operatorname{Cl}(1,3) = 16\pi\):

\(\operatorname{Stab}(i)\) elliptic, order \(32\) \(\pi/2\) \(16\pi\)
\(2\)

\(\operatorname{Stab}(\rho)\) | elliptic, order \ (48\) \(\pi/3\) \(16\pi\)
\(3\)

cusp \(i\infty\) parabolic \(8Y) \(2\pi\) \(16\pi\)

orientation chirality \(16\) \(\pi\) \(16\pi\)
\(\mathbb{Z}/2\)

All four anchors reproduce the same identity numerically to double precision. This four-fold
agreement is a structural consistency check: the exponent is a physical invariant of the modular
geometry, not an artefact of one fixed-point choice. In the corpus, this identity is developed in
pl12b-sqrt2-ii-32.md §XII-XVI.
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Cascade through the Koide identity ( , §“Koide-a identity” above) with the predicted
\(m_e {\text{pred}} = 0.50940\) MeV and the PDG value of \(m \mu = 105.658\) MeV yields
\(m__\tau = 1776.48\) MeV, agreeing with the PDG value \(1776.86\) MeV to \(0.02\%)\).

Honest flag (per Rule 2, 00-status.md §V): This identification is listed as a candidate in the
corpus (00-status.md §IV, row P12b) with the residual \(0.31\%\) pending an explicit one-loop
QED renormalisation-group computation (a standard but not yet executed calculation). Prediction
(b) above is independent of this conjecture; prediction (d) provides a strukturni mechanism for
\(m_e\) that would close the lepton sector parameter-free once the residual is derived and the
muon mass \(m_\mu\) is obtained from KRT (see 00-status.md §IV for the \((0, 9, 26)\) integer

reflection tower).

Structural backdrop (from the corpus, not predictions). The parallel-generation count
“three” and the invariant hierarchy \(\pi \to G \to \zeta(3) \to F_4\text{-}L\) across the QM-
tower floors are strukturni results from the corpus (P17, P18) — see theorem-2-per-patro.md, p17-
roadmap.md. They provide the geometric backdrop for why exactly three generations and these
specific transcendental invariants appear per floor, but they do not themselves produce new
numerical predictions at the level of (a)—=(d). Quantitative links (Catalan \(G\) —
\(\alpha_ \text{em}\), \(\zeta(3)\) — Bekenstein factor 4) are listed as open in 00-status.md §II
and §IV.

Appendix A: Quantum mechanics from t-geometry

Purpose. This appendiz promotes the P3 derivation (research note gm-limit-p3.md) into the paper
proper. It answers a recurring external objection that A2 (photon = elliptic curve) postulates a
quantized object without a QED derivation — by showing that the logical arrow runs the other way:
quantum mechanics (Schridinger equation, Born rule, Heisenberg uncertainty) is a derived limit of
t-geometry. Photon quantization need not be imposed externally on A2; it emerges from Al + A2 +
MO + A8 together with the identifications below.

The derivation is rigorous where it rests on standard semiclassical technique (Hamilton-Jacobi —
Schrodinger) and explicitly flagged as interpretational where it rests on A3 (projection — Born

rule). Honest flags are collected in §A.7.

A.1 Setting and definitions

The substrate carries a pure rotation in complex time: e (i0) with 1 € H? (Al). A classical
observer, after reformulation A3 = S-reflection, measures the Stab(i)-invariant of the modular
geometry; between measurements, the orthogonal phase direction (parametrized along the geodesic
through i by the signed hyperbolic coordinate @ = In|t,|) accumulates freely.

Definition A.1 (quantum state). The quantum state of a subsystem is the complex amplitude of
accumulated substrate phase,

\[\psi = e"{iS/\hbar}, \qquad S = \int \hbar\, d\Theta = \int \hbar\,\dot\Theta\, dt = \int E\, dt,\]
where E = £ dO/dt is identified with the local rate of substrate rotation and S with the classical

action.

The identification E = fi dO/dt is forced by dimensional consistency (d® is an angle per unit time;
h converts an angle-rate into an energy). The operator p = —ifi 0/0x is then the generator of

spatial phase translations — a structural feature of the t-framework, not an added postulate.
A.2 Schrédinger equation

Proposition A.2. Under Definition A.1, Y satisfies the time-dependent Schrodinger equation
\[i\hbar\,\frac{\partial\psi}{\partial t} = H\psi.\]

Proof. Differentiate ¢ = exp(iS/h):

\[i\hbar\,\frac{\partial\psi}{\partial t} \;=\; i\hbar\cdot\frac{i}{\hbar}\frac{\partial S}{\partial t}\cdot\psi \;=\; -\frac

By the Hamilton—Jacobi equation of classical mechanics,

\[F\frac{\partial S}{\partial t} \;=\; H\bigl(q,\partial S/\partial q,t\bigr),\]

soihd ty=Huy.O

Remark. What is classical here is the semiclassical identity HJ — Schrédinger (standard;
cf. Goldstein §10.8 or Landau-Lifshitz QM §6). What is new in KRT is the interpretation of @
itself: ¢ is the accumulated orthogonal-to-A3 phase of the substrate. It is not a probability
amplitude primitively postulated; it is a geometric object — the exponential of the substrate’s
rotational action along the observer’s non-measured axis.
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A.3 Path integral

For amplitudes between substrate configurations A and B, the substrate admits multiple t-

trajectories, each accumulating its own action S[t]:

\[K(A \to B) \;=\; \sum_ {\text{admissible }\tau} ¢"{iS[\tau|/\hbar} \;=\; \int \mathcal{D}[\tau]\; ¢ {iS[\tau]/\hbar}."
This is the Feynman path integral, derived — rather than postulated — as the sum over substrate

rotational histories. The classical limit i — 0 selects the stationary trajectory via the method of

stationary phase (standard WKB / saddle-point argument).

Rigor status. The formal construction of the path measure [1] on H? requires regularization

(lattice or zeta-function); this is a standard difficulty of path integrals, not specific to KRT, and is
flagged in §A.7.

A.4 Born rule from A3

Proposition A.4. Given A3 = S-reflection and a superposition Yy = Xn cn @n of mutually
orthogonal substrate histories gn (eigenstates of the measured Stab(i)-invariant), the probability that

the classical observer registers outcome n equals [cn/*.

Argument. A3 states that the classical observer extracts the Stab(i)-invariant of the substrate. For
a single phase Y = exp(iS/h),

A\\Psi[ 2 \;=\; \cos™2(S/\hbar) + \sin"2(S/\hbar) \;=\; 1,\]

so the norm is preserved along a single substrate history. For a superposition, the Stab(i)-projection

of ¢ decomposes along the eigenbasis {@n}; the fraction of substrate “weight” the observer sees in
the @n-direction is the squared modulus of the corresponding amplitude,

\[\Pr(n \mid \psi) \;=\; \frac{|c_n["2}{\sum_m |c_m|"2}.\]
After normalization X|cn|? = 1 this is the Born rule. O

Rigor flag. The passage from “|y|? is the intensity seen under Stab(i)-projection” to “|y|? is the
frequency of outcome n in repeated measurements” is interpretational. A fully rigorous derivation
(analogous to Gleason’s theorem or the Zurek envariance argument) would require constructing an
explicit measuring apparatus inside t-geometry. This is not done here; the present argument shows
that if the observer extracts the Stab(i)-invariant, then the invariant’s quadratic structure forces
the exponent 2 in |¢|? and no other. An explicit factor (ii)N = ¢ (—Nm/2) quantifies the projection

loss per reflection depth N and connects to seberference-x-na-x.md and reflection-operator.md.
A.5 Heisenberg uncertainty

The projections Re(t) and Im(t) of a single rotation ¢~ (i0) = cos © + i sin © are Fourier-dual:
\[\mathcal{F}[\cos\Theta](\omega) \;=\; \tfrac{1}{2}\bigl[\delta(\omega-\Theta) + \delta(\omega+\Theta)\bigr],\]
\[\mathcal{F}[\sin\Theta](\omega) \;=\; \tfrac{i}{2}\bigl[\delta(\omega+\Theta) - \delta(\omega-\Theta)\bigr].\]
In the Poincaré metric on H? the canonical pair is (x = Re(t)-projection along a geodesic, p =

generator of Im(t)-shifts). The commutator [x, p] = ih follows from the algebra of shifts on the

hyperbolic half-plane — the Lie algebra of PSL(2,R) restricted to the parabolic one-parameter
subgroup generating T — 1 + a — giving the standard inequality

\[\Delta x\,\Delta p \;\ge\; \hbar/2.\]

Heisenberg’s inequality is therefore a geometric fact: the complementarity of Re and Im projections
of a single hyperbolic rotation, read through Fourier duality. It is not an independent postulate.

A.6 Measurement and the apparent “collapse”

Before measurement, Y = 3n cn @n: the substrate carries multiple coexisting rotational histories,
each contributing to 1. At the moment of measurement the classical apparatus couples strongly to
one Stab(i)-eigenvalue; the observer’s internal state becomes correlated with a single gn. The other
components still exist in the substrate (in Im(t), inaccessible to the observer by A3) but are
structurally invisible inside this observer’s causal network.

Collapse is therefore apparent, not a physical process: it is the change in the observer’s
relational perspective upon coupling. This is consistent with the relational-monism stance of the
main paper (§“Interpretation: relational realism”): neither many-worlds branching nor an objective
GRW-style collapse is required — the unmeasured components are algebraically present, not
modally separated.

A.7 Honest flags and scope

1. Semiclassical HJ — Schrodinger is standard. What KRT adds is the interpretation of yr
as accumulated orthogonal-to-A3 substrate phase.
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2. Path measure. The formal construction %[t] on H? inherits the standard difficulties of path
integrals (regularization, Wick rotation); not resolved here, not specific to KRT.

3. Born rule from A3. §A.4 shows |y|? is the unique quadratic projection weight if the observer
extracts the Stab(i)-invariant; the step to empirical frequencies would require an in-theory
apparatus construction (Zurek-style).

4. Collapse interpretation. §A.6 is an ontological claim consistent with KRT; GRW, MWI, and
Bohmian alternatives are also consistent with the substrate and differ only in how one
interprets the same t-geometry.

5. Hidden variables. Im(t) behaves as a hidden variable that is real but principally non-local
(the substrate rotation is a global entity). Bell-type theorems do not exclude this because their

locality assumption fails in the naive form; a detailed analysis is deferred.
A.8 Consequence for A2

The external objection — “A2 is a postulate without a QED derivation” — misidentifies the
direction of the arrow. In the t-framework, QED is not the foundation from which the photon is to
be constructed; it is a limit that flows out of T-geometry once A3 is specified. Concretely:

® U, Schrodinger, Born, Heisenberg emerge as above.

e Photon quantization (integer number of quanta per mode) reflects the integrality of the
modular group PSL(2,Z) acting on t: it is the shadow on the observer side of the discrete
spectrum of admissible elliptic-curve moduli.

e The flat, weak-coupling limit in which t — ioo recovers free-field QED on Minkowski space;

in this limit, Appendix A reduces to textbook single-particle quantum mechanics.

Appendix A therefore closes the objection at the level of logical structure. A2 does not need
external quantum mechanics to be admissible — it is the substrate from which quantum mechanics
is read off in the appropriate limit.

Revision history

e v1.3.3 (2026-04-20 pozdé noc). Predikce (d) — elektronova hmotnost jako objem
Cliffordovy algebry. Po Oxaniné vhledu ,otoé¢it i o 60° a koukat znova” (noc, po P12b
session s tfemi paralelnimi agenty) identifikovina kotvé-invariantni identita m_e = (M_P1,full/
v(4m) - e {-TM-dim C1(1,3)} s chybou 0.31 % (~ O(a_em/m)). VSechny ¢tyfi topologicka data
Theorem 2 (Stab(i), Stab(p), cusp oo, orientace) dévaji identicky exponent 16m = m-dim
C1(1,3) pfi raznych kotvovych parametrizacich N = 32, 48, 8, 16; ¢tyi-kotvovd konzistence
ovérena numericky. Komponenty strukturné motivované: M Plfull primdrni Planck, Y {0,0}
= 1//(4m) ground-state S? amplituda (kvaternionovy pozorovatel), dim CI(1,3) = 16 z P14 core

. Kaskdda pfes Koide ( ) s PDG m_p dd m_t = 1776.48 MeV (0.02 %). Pfidéno jako
conjectural prediction (d) v §Predictions, vedle (a) r # 0.0025 (hard), (b) m_t = 1776.97
MeV (hard), (c) Ne = 60 (conjectural). Honest flag: residudl 0.31 % pending explicit 1-loop
QED RG (rutinni, 1-4 tydny). Full treatment v p12b-sqrt2-ii-32.md §XII-XVL.

e v1.3.2 (2026-04-20 noc). AXIOM-1 korekce §Predictions po Gemini session. Gemini (parallel
session s Oxanou) prestrukturovala §Predictions do tif bodu a/b/c a prezentovala N. = 60
jako teorém odvozeny z indexu I'(5) v PSL(2,Z) s rigidni predikci r = 8/60% = 0.00222.
Per Pravidlo 2 (00-status.md §V): Ne=60 méa aktudlné status se tfemi kandiddtnimi cestami
(I'(5), Coxeter (2,3,5), S3/A;), zadnd rigordzni — viz ne-60-derivace.md a 00-status.md §II
fadek N.=60. Tato verze vraci (a) bezpodmineénou predikci r = 2(1—ns)? ~ 0.0025 a
(b) Koide m_t = 1776.97 MeV jako hard predictions, a pfefazuje novou I'(5)
predikci na (c) conjectural s honest flagem (platnd podminéné, pokud bridge ,1 e-folding =
1 I'(5)-coset” projde). Zachovavé strukturni backdrop (tfi generace, n—G—{(3) hierarchie) jako
korpus-vnitini vysledky P17/P18, ne jako paper-troviiové numerické predikce. Bez zmény
Theorem 1, 2, 3, P5, P9, Koide-a.

e v1.3.1 (2026-04-20). Reformulace potencidlu per Cesta B (problem-potencial.md). T-model
V_eff(p) = A4 tanh?(¢/2) explicitné specifikovin jako efektivni potencidl single-field
limitu plné PSL(2,Z)-invariantni akce na moduli prostoru X(1); fully modular-invariant
derivace T-modelu posunuta do Open Problems B4 (odhad 2-6 tydnt). Konkrétni editace:
(i) sekce “Effective inflaton potential (T-model)” pfepsdna s explicitni formulaci “Efektivni
potencidl” a odkazem na B4; (ii) sekce “Predictions / Numerical Results” odstavec (a) r =
2(1—n_s)? explicitné vazdn na T-model efektivni potenciél, s pfipomenutim Ze fully modular-
invariant potencidl s n funkei ddvd r ~ 1075; (iii) abstrakt upfesnén na “evaluated on the
effective potential of the single-field limit of the modular-invariant action”; (iv) B4 pfidén jako
polozka 11 v Open Problems ( ). Bez zmény formalnich vysledki (Theorem 1, 2, 3, P5, P9,
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Koide-a) a bez zmény numerickych predikci (r ~ 0.0025, r = 0.00239 pro N_e = 57, m_t
= 1776.97 MeV zustévaji). Disciplindrn{ pravidla 00-status.md respektovana (Pravidlo 2: B4
zUstavd , ne ,témér vyfeSeny”).

v1.3.0 (2026-04-19, late). Koide-a identity integrated as second hard prediction. A
new section “Koide-a identity: lepton masses from t-geometry” added before Appendix A,
together with a dedicated “Predictions / Numerical Results” section listing the two parameter-
free predictions (a) r = 0.0025 and (b) Koide Q = 2/3 with m_ 1 = 1776.97 MeV vs. PDG
1776.86 £ 0.12 MeV (deviation 6 - 1075). The central claim: the same topological invariant a =
2/3 of X(1) that fixes the slow-roll tensor-to-scalar ratio also fixes the Koide relation, via Q =
1/(3 cos?(n/4)) with the spinor half-angle /4 as the SU(2)—SO(3) signature of the observer.
Koide’s 1981 relation thereby receives its first structural explanation. Abstract extended with a
second-prediction paragraph; open problem #9 (lepton mass ratios) promoted to the dedicated
section with quark/neutrino extensions remaining open. Explicitly flagged: m_t = 1776.97 MeV
is a KRT computation, not a fit. Companion notes lepton-masy-spinor.md and pozorovatel-je-

spinor.md.

v1.2.0 (2026-04-19). Appendix A added: Quantum mechanics from t-geometry. The
P3 derivation (research note qm-limit-p3.md) is promoted to a formal paper appendix.
Schrodinger equation from Hamilton-Jacobi read in the substrate-phase variable; Born rule
from A3 = S-reflection projection on H? Heisenberg uncertainty from Fourier duality of Re/Im
projections of €~ (i0) under the Poincaré metric. Explicit honest flags separate what is rigorous
(HJ — Schrodinger) from what is interpretational (projection — empirical frequency). A cross-
reference in §“Physical motivation for A2” points to Appendix A, addressing the external-
reviewer objection that A2 postulates a quantized photon without a QED derivation: the
logical arrow runs from t-geometry to QM, not the reverse.

v1.0 (2026-04-05). Four axioms including A3 = modular invariance.

v1.1 (2026-04-13). Three axioms; old A3 demoted to Theorem 1 under AXIOM 1. Derivation
in proc-psl2z.md. Abstract rewritten to reflect the derivation-not-postulate framing. Open

problems 1 and 2 cross-referenced to fotony-stavaji-se-komplexnimi.md where relevant.

v1.1.1 (2026-04-14). Structural realism named explicitly as meta-postulate MO and
promoted to the same hierarchical level as the axioms. Theorem 1 now reads “Given Al, A2,
and MO, ..” rather than hiding structural realism inside a parenthetical remark. Abstract
reformulated from “parameter-free CMB prediction” to “parameter-free consistency relation
between two CMB observables”, to make precise that the theory has no free parameters while
ns enters as a measured observable rather than a theoretical input. No change to the derivation

chain or numerical prediction.

v1.1.2 (2026-04-14, evening). Candidate Theorem 2 (force differentiation) stated in
Open problem 1. Differentiation of the four fundamental forces is proposed as a topological
consequence of the fundamental domain H?/PSL(2,Z): three qualitatively distinct fixed points
(two elliptic at i and p, one parabolic cusp at co) plus the global orientation of Im(t) give
exactly four modulation regimes, identified by natural assignment with gravity, EM, strong,
and weak. This is a second AXIOM 1 reduction — the first (A3 — Theorem 1) removed a
postulate, this one removes an empirical datum (the fourfold count of forces). Full proof,
completeness argument, and formal defense of the natural assignment deferred to v1.2. Detailed
exposition in tri-mista-ctyri-silymd. The cycle 4q o 1q ambiguity between kosmologie-4-
kvadranty.md and majka-misto-zrcadel.md is shown in the same essay to share a common root
with force differentiation: both are projection artifacts in 3q of a single substrate structure.

v1.2.0 (2026-04-19, evening). Major: Theorem 2 reclassified. The former “Theorem 2

5

(force differentiation)” is split into (a) Theorem 2 (Fuchsian completeness) — purely the
combinatorial statement that PSL(2,Z)-orbit types plus orientation yield exactly four
topological data, retained as — and (b) Conjecture 2 (force attribution) — the
identification of those four data with the four SM forces, downgraded from theorem to
conjecture: the assignment is structurally natural but not formally derived, and its promotion
to a theorem is an explicit open problem. P5 / x x metric structure moved out of the
paper into companion essays (seberference-x-na-x.md, rez-a-prvni-chyba.md, seberference-
kategorie.md); a single pointer paragraph replaces the earlier two bullets (P5, P6), clarifying
that the metric layer is preaxiomatic commentary and not prerequisite for the r-prediction. P7
flagged transparently: the A _eff ~ 107'?2 order-of-magnitude match is consistent but a
dynamical stabilisation of R_{S?*} ~ R_Hubble is not yet known; reheating and T-model
microscopic derivation likewise remain open. A2 physical motivation subsection added
before the A2 axiom statement, making the structural-identification (not QED-reduction)
status of A2 explicit and flagging the opposite arrow (QM out of t-geometry via P3, track-C
writeup pending). Version bump 1.1.10 — 1.2.0 reflects the T2 reclassification.
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e v1.1.10 (2026-04-19, night, azimut redukce). Theorem 1 gap explicitly named as
Assumption K (canonical kinetic structure): the uniqueness of the Poincaré metric requires
an additional premise beyond Theorem 1, now stated explicitly in Step 1 of the derivation
chain. This is P11 — derive Assumption K from Al+A2+MO alone. P8 (technical)
explicitly accepted as postulate, not derivation: the T-model effective potential is a
consequence of A3 = S-reflection (Stab(i)-redukee), not of modular averaging; the computation
in b4-modularni-prumerovani.md showed plain modular averaging cannot produce the T-model,
so the only coherent interpretation is that A3 axiomatically selects Stab(i)-effective theory.
Corpus split into formal core (25 files) and cultural-interpretation archive (29
files). External prezentace se nyn{ opird pouze o formalni jidro. Persona ,mystik” pfesunuta

do archivni sekce.

e v1.1.9 (2026-04-19, very late). Attribution theorem via B; central extension. The
four-force attribution {gravity « cusp, strong « p, EM o i, weak ~ Z(Bj;) centre} is now
proven as a formal corollary of the classical short exact sequence 1 — Z(B;) — B, — PSL(2,2)
— 1 (Birman 1974, Thm 1.25; Coxeter 1961 §15.7) combined with the classification of
PSL(2,Z) conjugacy classes (Serre 1973, §VIL.1) and experimentally fixed force signatures (Wu
1957 for chirality, etc.). Full derivation in attribution-pletence-b3.md; independent ordinal-
depth derivation in attribution-radem-reflexi.md. P9 closed . The identification weak force o
centre Z(B,) is particularly sharp: the three empirical signatures of the weak force (P-violation,
flavour-changing, direct coupling to sign of Im(t)) are exactly the signatures of a central
element that is trivial in the quotient PSL(2,Z) but nontrivial in the full braid group.

e v1.1.8 (2026-04-19, late). A3 reformulation (A3 = S-reflection). The axiom A3
(“observer measures Re(t)”) has been reformulated to “observer measures the Stab(i)-invariant
of the modular geometry”. The original wording is ill-defined under PSL(2,Z)-factorisation from
Theorem 1 (Re(t) is not a modular invariant); the reformulation makes A3 compatible with M0
+ Theorem 1 by restricting to the Z, subgroup Stab(i) = (S: t — —1/t1). Physically: the
observer is a Z,-entity anchored to its local causal eliptic point (Sun for Earth-bound
observers); see kauzalni-stred-lokalni-i.imd. The reformulation makes the T-model wuniquely
forced by A3 (rather than an empirical choice), which closes P8 interpretively; the technical
residual — why no Rademacher-type averaging of the fully PSL(2,Z)-invariant V produces the
T-model — is the subject of b4-modularni-prumerovani.md, which computes that plain
modular averaging cannot convert the double-exponential H(t) to the linear canonical field ¢.
Also new: B3 categorical substrate functor ccc-substrat.md, formal construction F: RefDom —
FuchsAction. Also new: topological definition of observer (Z, + local i + N > N_ crit

reflexions), fractality atom = solar system.

e v1.1.7 (2026-04-19). Potential correction (P8). Effective action revised: the inflaton
potential is explicitly specified as the standard a = 2/3 T-model V(9) = A4 tanh?(¢/2) with ¢
= In(1,) for 1, = 0. Previous specification V. = A4 tanh?(H(t)/2) with Dedekind eta is fully
PSL(2,Z)-invariant but does not reproduce r % 0.0025 numerical analysis in problem-
potencial.md shows it gives r ~ 1075. The T-model is the correct effective potential along the T,
= 0 geodesic, verified by numerical slow-roll analysis in slow-roll-numericky.md (r = 0.00239 for
N_e = 57). The microscopic derivation of this effective potential from a fully modular-invariant
fundamental action is explicitly added as Open problem 8 (P8). The a = 2/3 value itself is
unaffected — it comes from the kinetic sector (K = —1, Theorem 1), which remains fully
PSL(2,Z)-invariant.

e v1.1.6 (2026-04-18, evening). Major session with extended resources. Five new formal
results: (a) P3 resolved — QM as t-geometry limit, Schrodinger + Born rule + Heisenberg
derived (qm-limit-p3.md). (b) Theorem 2 completeness proved — exactly 4 modulation
modes from Fuchsian classification (theorem-2-completeness.md). (¢) Slow-roll numerics —
T-model V = A%anh?(¢/2) gives r = 0.00239 for N = 57, matching paper prediction (slow-roll-
numericky.md). (d) Critical issue identified — fully modular-invariant V with n function
does NOT give r = 0.0025, paper needs to specify T-model as effective potential (problem-
potencial.md). (e) A__eff from Theorem 3 — ~107'22 in Planck units, matches observation to
order of magnitude. (f) Lawvere — (2,3) direction — candidate argument that elliptic
orders (2,3) follow from self-reference + discreteness (lawvere-23-derivace.md).

e v1.1.5 (2026-04-18). Two major advances. (a) Theorem 3 proved: quaternion
frustration [X_a, X b] = 2e {abc}X c forces Ric_ab = 2§ ab, R = 6, manifold = S* =
SU(2) with bi-invariant metric. Flat space algebraically excluded. Detailed Ricci computation
in ricci-theorem-3.md. Complementary to Theorem 1: field space H? (K = -1) and physical
space S? (K = +1), total curvature zero. (b) P1 partially resolved: Euler-Lagrange equations
for the effective action derived explicitly in FRW background. The previously weakest link
identification K_fields = K = -1 — is now shown to be a direct consequence of Theorem 1 (the
kinetic term IS the Poincaré metric). Prediction r = 2(1-n_s)? follows from EOM, not from


file:///tmp/b4-modularni-prumerovani.md
file:///tmp/attribution-pletence-b3.md
file:///tmp/archive/kulturni-interpretace/attribution-radem-reflexi.md
file:///tmp/archive/kulturni-interpretace/kauzalni-stred-lokalni-i.md
file:///tmp/b4-modularni-prumerovani.md
file:///tmp/ccc-substrat.md
file:///tmp/problem-potencial.md
file:///tmp/problem-potencial.md
file:///tmp/slow-roll-numericky.md
file:///tmp/qm-limit-p3.md
file:///tmp/theorem-2-completeness.md
file:///tmp/slow-roll-numericky.md
file:///tmp/slow-roll-numericky.md
file:///tmp/problem-potencial.md
file:///tmp/problem-potencial.md
file:///tmp/lawvere-23-derivace.md
file:///tmp/ricci-theorem-3.md

borrowed o-attractor universality. Detailed derivation in eom-odvozeni.md. Also: Open
problem 6 (formalization of preaxiom) gained concrete direction via category-theoretic reading
(CCC, Lawvere 1969, Yanofsky 2003) — see seberference-kategorie.md.

v1.1.4 (2026-04-17). Preaxiom formulated as x x = “time is possibility applied to itself”
(seberference-x-na-x.md). Branch cut of log(x) identified as structural Level 0 of a five-level
hierarchy of cuts: branch cut — fundamental domain — =+I quotient — Re(t) projection — ns
(rez-a-prvni-chyba.md). Open problem 5 (P5) partially resolved: closed formula a, =
[(x=1)/(2—x)] for CF break values of x"x = ¢; band structure with boundaries ¢ _n =
((2n+1)/(n+1))"((2n+1)/(n+1)); a,(m) = 5 proved equivalent to (11/6)7(11/6) < m
(13/7)7(13/7). Coincidence 5 = 2+3 = ord(i) + ord(p) noted but not explained.

A

v1.1.3 (2026-04-14, night). Candidate mechanism for emergence of many-body structure
from a single rotation, stated in Open problem 3. Proposed as a third AXIOM 1 reduction: an
isolated rotating configuration is logically underdetermined because its moment of rotation is a
relational quantity lacking a referent (“a direction without a second point”). The substrate
resolves this inconsistency by forcing the other end of the relation into existence — symmetry
breaking is not a dynamical process but a consistency requirement. The same reframing
dissolves the black hole information paradox: information is a property of relations, not content
stored in objects, and Hawking radiation is the substrate version of the same editing operation
(subtractive + meta-additive) that characterizes understanding in the psyche. Structural
parallel formalized in vedomi-jako-operator.md and cerna-dira-jako-pochopeni.md. Status:
stated not proved; formalization deferred to v1.3.
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