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Abstract

In Cosmological Relativity the exact spherically symmetric and stationary geometries of
general relativity are generated as symmetry-breaking cuts of a single de Sitter substrate,
with vacuum the straight cut and matter the bend [6], and the range of that construction is
the symmetry-reducible sector, bounded by a wall at which continuous symmetry is lost and
free gravitational radiation begins [7]. This paper takes the next step: the dynamics—why
and how the cut bends in time. The gap it closes was named at the outset of the programme,
in the essay that first developed this cosmology and recorded that the details of dynamical
matter had not been worked out.

We work the first inhomogeneous, time-dependent bend explicitly. In a polarized Gowdy–
de Sitter model the spatial leaf carries a single transverse-traceless shear—the propagating
graviton—advanced by a true Hamiltonian on the substrate’s cosmic foliation, with the
cosmological constant driving the area and the wave carrying its own energy and momentum
in the leaf’s shear.

The two polarizations are then shown to be a wave map into the hyperbolic plane, the
polarized case being a geodesic of the target and the turning of the polarization plane being
motion off it. In those variables the cosmological constant is absent from the wave sector
entirely: the graviton propagates freely and Λ drives only the area. The unpolarized member
carries a conserved twist whose sign is the wave’s handedness, and the substrate’s orientation
parity acts on it as a sign flip—so on the reachable sector the graviton’s handedness is the
sign of a conserved charge. Because that parity is the disconnected component of the target’s
isometry group, no connected isometry identifies the two handednesses.

This places the first chiral geometry inside the construction’s own reach rather than past
it. The unpolarized turning wave carries the same two spacelike Killing vectors as the
polarized one, and the transverse reflection is an isometry of the Gowdy form precisely when
the wave is polarized. So the chirality criterion bites from the loss of the swept rotation
onward: the polarized edge is achiral, the unpolarized turning wave is the first chiral case,
and the wall is where chirality is generic rather than where it begins.

At the wall we settle two questions. The dynamics continues across it; and the wall is not
a metric singularity in the precise sense the causality paper defines—no measure collapses
there—so it is a regular radiative boundary rather than a place at which a clock could be
re-founded. In the nonlinear Λ > 0 regime the de Sitter background is an attractor and the
first-class system is consistent to all orders, so the continuous dynamics admits rather than
forces a quantum structure. We close with what is not claimed: no closed-form nonlinear
solution, and no non-perturbative quantization of the interacting tower.

1 Introduction: from the static operator to the bend

The slicing operator of Cosmological Relativity generates the static, spherically symmetric sector
of general relativity from one de Sitter substrate [6]. The gap this paper closes was named at the
outset of the programme: the essay that first developed this cosmology recorded that “details
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involving the emergence of dynamical matter in the SdS cosmology have not been worked out” [1].
This paper works them out for the inhomogeneous, time-dependent case. A slicing curve on the
substrate is the radial profile of a spatial leaf; the straight cut is vacuum (Schwarzschild–de
Sitter, the kernel), and a bend in the curve is matter, with density ρ = m′/4πr2 fixed by
the bend. The companion range paper extends this from a classifier to a map of reach [7]: a
geometry is generated as a cut exactly when its isometry group contains a sweep-subgroup of
the substrate’s, so the range is the symmetry-reducible sector, laid out along a null-degeneracy
axis from the Nariai seam to a wall at which continuous symmetry is lost altogether. At the
wall, inhomogeneity, free gravitational radiation, and the failure of any global sweep orientation
are one and the same boundary; “why the cut bends” is named there as the open dynamical
question.

The symmetric sector already has its answer in closed form, and it is worth stating before
the inhomogeneous case departs from it. On any comoving worldline of a symmetric cut, at any
energy,

d2r

dτ̃2
= −f

′

2
= rKG, (1)

with KG the slicing surface’s Gaussian curvature [3]P3R12. So the rate at which the symmetric
cut’s bend changes in time is the bend itself, up to the areal factor: the cut straightens, is
momentarily flat, and bends the other way as the geometry passes its one sign change. That
is the whole of the symmetric sector’s dynamics, and what follows is the first case in which the
bend is not symmetric.

This paper answers it, in the regime where the answer can be made concrete and exact.
The static operator says what a bend is—matter, the anchor’s image. The dynamical question
is how a bend evolves: a leaf that is not maximally symmetric must carry its departure from
the round S3 forward in time, and the governing law of that advance is what we exhibit. Three
ingredients, each already established in the corpus, combine:

1. the anchor—the map from a cut to its stress-energy—whose energy sector is the Hamil-
tonian constraint and whose momentum sector is the bend in the shift [6, 7];

2. the cosmic clock—the substrate’s preferred foliation, empirically forced [13] and struc-
turally distinguished, on which the canonical constraint deparametrizes to a true Hamil-
tonian [9, 8];

3. the stratification—the symmetry classes of the range read as the isotropy strata of the
construction, from the maximally symmetric vacuum down to the wall [7].

We assemble them on the simplest model that carries a genuine propagating degree of
freedom—a linearly polarized Gowdy–de Sitter spacetime [17, 18]—and then read the result back
into the stratification and out to the wall. The register is that of the rest of the programme [16,
8]: the field equations are Einstein’s, unchanged; the existing object is the evolving three-
dimensional layer, and “the cut bends” is a statement about that layer’s advance, not about a
four-dimensional block. In the layered reading the cosmology runs on, this is the dynamics of
the leaf and its rate: the bend is the leaf’s content (matter, its departure from the round S3),
and the advance that carries it forward is generated by the same lapse whose deparametrized
true Hamiltonian is the foliation’s rate of advance [6, 9]—so where the static operator gives
the leaf and its bend, this paper supplies how that leaf evolves. The wall at the far end of the
stratification is the boundary of that layered generation: up to it the leaf is generated by a
symmetric sweep of the substrate, and past it, where the last continuous symmetry is gone, it is
carried instead by ordinary evolution—the same seam-to-wall span along which the observable
cosmology is laid out, the seam its inner (Nariai) end [7].
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2 The confined bend: a polarized Gowdy–de Sitter wave

Consider the linearly polarized Gowdy–de Sitter metric

ds2 = e2(γ−ψ)
(
−dt2 + dz2

)
+ e2ψ dx2 +R2e−2ψ dy2, (2)

with ψ, γ,R functions of (t, z) only. The field ψ is the single transverse-traceless polariza-
tionP11R1—the leaf’s shear, the propagating graviton; R is the area element of the (x, y) two-
torus, the local clock/area variable; γ is the conformal factor on the (t, z) plane. With cosmo-
logical constant Λ, the Einstein equations Gab + Λgab = 0 reduce to a wave equation, an area
equation, two constraints, and a quadrature for γ:

(WAVE) (Rψt)t − (Rψz)z = ΛRe2(γ−ψ), (3)

(AREA) Rtt −Rzz = 2ΛRe2(γ−ψ), (4)

(ENERGY) 2(Rtγt +Rzγz)− (Rtt +Rzz) = 2R(ψ2
t + ψ2

z), (5)

(MOMENTUM) Rtγz +Rzγt −Rtz = 2Rψtψz. (6)

These are verified directly from (2) (clean residuals). Equations (5)–(6) are not evolution
equations: they are precisely the ADM Hamiltonian and momentum constraints [26] for the
foliation by constant-t leaves, and they say that the wave’s energy and momentum are carried
entirely by the shear of the spatial leaf—ψ2

t + ψ2
z and ψtψz. This is the anchor at work in

the dynamical setting: matter and radiation are the bend, and here the bend is the leaf’s
transverse-traceless shear.

A true Hamiltonian, not a frozen constraint. The canonical Hamiltonian density built
from (2) generates (3), (4), and the γ-quadrature through Hamilton’s equations: the time
development of the leaf is reproduced exactly. The lapse N = eγ−ψ is not a free multiplier to
be gauged away but the metrical rate at which the existing layer advances, dτ = N dt, exactly
as in the cosmological and canonical-time papers [8, 9]. The constraint, read on the substrate’s
foliation rather than an arbitrary one, deparametrizes:

i ∂τΨ = ˆHphysΨ, (7)

with Hphys the reduced Hamiltonian for the propagating mode. This is the same content as the
minisuperspace deparametrization of [9], now carrying a local propagating degree of freedom:
the same absolute foliation that makes flat ΛCDM a true-Hamiltonian flow makes the graviton’s
confined polarization a true-Hamiltonian flow.

The two regimes. At Λ = 0 the model degenerates to the classical Gowdy/Einstein–Rosen
system [17, 18]: the area R may be used as an internal clock and the wave equation (3) becomes
the cylindrical (Bessel) wave equation, ψTT + R−1ψT − ψzz = 0 in the R-time gauge. At
Λ > 0 this internal-clock construction fails—R no longer separates the dynamics cleanly—and
the substrate’s cosmic time is the natural clock instead. This is the dynamical analogue of
the point made in the canonical-time paper: the absolute foliation is not a convenience but
the structure on which the constraint becomes a true Hamiltonian, and it earns that necessity
precisely where an internal clock breaks down.

2.1 The unpolarized cut: the wave map, and a conserved handedness

The cut above is linearly polarized, and by the criterion of §6 that makes it achiral: its single
polarization is pinned to a fixed axis by the residual T 2. The first chiral member of the reachable
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sector is therefore not this one but its unpolarized generalization, which we now build—restoring
the second polarization as the off-diagonal ω of the torus block,

ds2 = e2(γ−ψ)
(
−dt2 + dz2

)
+ e2ψ (dx+ ω dy)2 +R2e−2ψ dy2, (8)

with ψ, γ, ω,R functions of (t, z) and ω ≡ 0 returning (2). The torus block still has determinant
R2, so R remains the area element, and Gab +Λgab = 0 still has exactly six nonvanishing com-
ponents: the conformal–constraint sector and the torus block in which the second polarization
lives.

The two polarizations are a wave map into the hyperbolic plane. In the variables

P = 2ψ − lnR, Q = ω, (9)

the torus block’s equations are, identically,

(RPt)t − (RPz)z = Re2P
(
Q2
t −Q2

z

)
, (10)(

Re2PQt
)
t
−
(
Re2PQz

)
z
= 0, (11)

which is the harmonic-map system for a map from the (t, z) plane, with density R, into the
target dP 2 + e2PdQ2—a metric of Gaussian curvature −1, the hyperbolic planeP11R7. The two
polarizations are therefore not two decoupled fields but one point moving on a negatively curved
surface, the polarized case being the geodesic Q = const and the turning of the polarization
plane being motion off it.

And Λ is absent from that sector. Both of (10)–(11) hold with no cosmological term: Λ enters
only the area and conformal equations. This is worth stating because it explains the source
in (3) above. With Q ≡ 0 the identity (RPt)t − (RPz)z = 2[(Rψt)t − (Rψz)z] − (Rtt − Rzz)
is exact, so the vanishing of (10) is precisely the polarized WAVE equation minus the AREA
equation, 2ΛRe2(γ−ψ) − 2ΛRe2(γ−ψ) = 0. In the wave-map variable the graviton propagates
freely and Λ drives only the area; the source in (3) is the area equation, changed variables, and
it is the second polarization that forces the variable in which this is visible.

The handedness is then the disconnected component of the target’s isometry group, and it car-
ries a conserved charge. The helicity-flipping parity of §6—the transverse reflection x 7→ −x—
sends gxy 7→ −gxy and fixes every other component of (8), which in the variables (9) is exactly
Q 7→ −Q with P fixed. That is an isometry of dP 2+e2PdQ2, and its differential has determinant
−1: it reverses orientation, so it lies in the component of Isom(H2) that the identity component
does not reach. No connected target isometry identifies the two handednesses. On the homo-
geneous reduction—z-independent, hence a three-dimensional abelian isometry with spacelike
orbits, among the classes the range paper lists as reachable [7]—equation (11) integrates once,

c = Re2P Qt = const, (12)

and the parity acts on this twist as c 7→ −c. So on the reachable sector the graviton’s handedness
is the sign of a conserved charge, and the substrate’s orientation parity is exactly its sign flip,
with c = 0 the polarized, achiral cut of §2. Solutions with c ̸= 0 exist and their polarization
turns, the first integral (12) reproduced along themP11R7.

That reduction is homogeneous; the member the criterion is really about is the propagating
one, and it too is explicit. Restoring the z-dependence, the pair (10)–(11) is an unconstrained
wave map: the two remaining Einstein equations fix γ by a first-order quadrature whose inte-
grability ∂tγz = ∂zγt holds identically on shell, so every (P,Q) Cauchy datum integrates to a
genuine vacuum member and the wave carries no hidden constraint. An explicit inhomogeneous
single-helicity travelling datum—two propagating modes coupled through the H2 metric, not
the homogeneous reduction—is then evolved to the roundoff floor with fourth-order conver-
gence, and on it the polarization plane genuinely turns. Written in the orthonormal H2-frame
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strain-rates (h+, h×) = (Pu, e
PQu)—the plane wave’s two polarizations in the wall limit—the

criterion of §6 is the winding χ =
∮
d arg(h+ + ih×), and it is nonzero with a definite sign

on the turning member, identically zero on the polarized cut Q ≡ 0 where the axis is fixed,
and reversed by the parity Q 7→ −Q: the two helicities are exhibited as parity images on a
propagating wave, the Cauchy problem the homogeneous reduction had left openP11R8.

What this adds to the handedness argument of §6 is a third instrument, and the one that
lies inside the construction’s own reach. The index theorem on the compact face and the
polarization computation on the type-N plane wave both establish that a chirality can live only
on the component no connected action reaches; but the plane wave is a geometry the operator
provably cannot generate, its full isometry algebra being a five-dimensional Heisenberg algebra
where so’s unipotent radical is abelian [7]. Here the same conclusion is a property of a wave
map’s target, on a cut the operator does generate—and it upgrades the statement from a feature
of a geometry to a conserved charge of a field.

And the sector that criterion was always about—a fermion on this member—is built here
rather than deferred to the matter paper’s bound modes. Put a massless Dirac field on (8)
and separate on the two Killing directions. The twist is then not merely analogous to a
spinor’s chirality: it is a component of the connection the spinor moves in. The orthonor-
mal coframe e0 = eAdt, e1 = eAdz, e2 = eψ(dx + ω dy), e3 = Re−ψdy with A = γ − ψ carries
ωt 23 = −1

2 c e
−2ψ and ωz 23 = −1

2 cz e
−2ψ, with c the conserved twist (12) itself. Rescaling by

Ω = e−A/2R−1/2—which is exactly the leaf’s own volume element, Ω2 = 1/
√
h—removes every

background-derivative term and leaves four:

γ0∂t + γ1∂z + imxγ
2 + imyγ

3 + i bz γ
5γ1 + i bt γ

5γ0 = 0, (13)

where mx = eA−ψkx and my = eA+ψ(ky − kxω)/R are the two Killing momenta seen as masses
on the reduction and (bt, bz) = (cz, c) e

−2ψ/4 is the twist, carried on γ5 alone. Two things follow,
and the first is what the frontier item asks for. The principal part is e−A(γ0∂t+γ

1∂z), indepen-
dent of the twist and of the transverse momenta, so the characteristic matrix γ0γ1 is Hermitian
with eigenvalues exactly ±1: the characteristics are the light cone, on the inhomogeneous mem-
ber as much as the homogeneous one, and nothing is trapped. The sector propagates—against
the matter sector’s wall modes, which bind precisely because a superpotential changes sign,
and which have no counterpart here because there is no wall in z [11]. The two norms that
paper found to disagree agree here, being the same integral: the factor that flattens the reduced
operator is the leaf’s volume element, and this member carries no horizon in the (t, z) sector
at which the two could part. Second, the chirality is the twist’s sign. At vanishing Killing
momenta (13) splits on γ5 into E = ±(k− b) for one chirality and E = ±(k+ b) for the other—
opposite momentum shifts—so the orientation parity is a symmetry only as the joint operation
c 7→ −c with γ5 7→ −γ5, and neither half alone is. Evolved on a vacuum-Λ member the two
chiralities accumulate a relative phase 2

∫
b dt, identically zero on the polarized cut c = 0 and

reversing with the sign of c. So the graviton’s handedness and the fermion’s are one datum on
this background : what §6 argues from two sectors returning the same parity is here a single
field’s own dispersion relation. The locking is exact in the Killing zero mode—which the torus
always carries—and broken by the transverse momenta, which are the terms that break chirality
in any caseP11R9L3.

3 The nonlinear Λ > 0 regime: the de Sitter attractor and clas-
sical admissibility

The Λ > 0 regime is where the dynamics is most distinctively CR’s, and it can be carried
through. The model has an exact isotropic de Sitter background, and that background fixes
the foliation on which the nonlinear evolution runs. Isotropy is the equality of the three spatial
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scale factors—γ = 2ψ and R = e2ψ—and under it the homogeneous field equations (3)–(6)
reduce consistently (clean residuals) to a single constraint and a single dynamical law,

ψtt = ψ2
t (ENERGY), 3ψ2

t = Λ e2ψ (AREA = WAVE = γ-eq), (14)

solved by ψt =
√
Λ/3 eψ. The lapse is N = eγ−ψ = eψ, so the scale factor a = eψ and cosmic

time dτ = N dt = a dt give a(τ) = a0 e
Hτ with H2 = Λ/3—exact de Sitter. The internal

area-clock R = t that organizes the Λ = 0 Gowdy system is inconsistent here (AREA then
forces 0 = 2Λt e2(γ−ψ) ̸= 0); the substrate’s de Sitter cosmic time is the clock that replaces
it, established positively and not merely by the failure of the alternative. The graviton is
the anisotropic departure from this background, and the question of whether its nonlinear back-
reaction forces a new (quantum) structure or only admits one—as the clean Λ = 0 case does—is
the question of that departure’s evolution on the cosmic-time foliation.

In the homogeneous sector the answer is exact. Writing the shear shape s = ψ − 1
2 lnR (so

ax/ay = e2s, with s = 0 on the background), the combination AREA− 2WAVE cancels the Λ
source identically and leaves a conserved quantity,

C0 := Rt − 2Rψt = const, (15)

the canonical shear chargeP11R4 (C0 = −1
2(pγ + pψ), verified on shell). Since 2Rst = −C0, in

cosmic time—with spatial volume V = Reγ−ψ—the shear rate obeys ds/dτ = −C0/2V : as the
background expands, V → ∞ and the anisotropy rate decays as the inverse volume. This is
cosmic no-hair [23]—the isotropic de Sitter background is an attractor, the shape freezing as
the expansion-rate anisotropy redshifts away. The homogeneous nonlinear back-reaction thus
admits clean classical dynamics: a conserved charge and a monotone decay, with nothing forcing
a new structure.

The propagating mode admits as well, at linear order. Linearizing the wave equation (3) for
δψ(t, z) on the de Sitter background and passing to cosmic time gives

δ̈ψ + 3H ˙δψ +
k2

a2
δψ + 2Λ δψ = 0, (16)

a de Sitter wave equation: Hubble friction 3H, a gradient term k2/a2 that redshifts away, and an
effective mass m2 = 2Λ = 6H2 (principal series) in this fixed-background (transverse-traceless)
truncation. This is a massive scalar on de Sitter and admits a clean, unitary Bunch–Davies
quantization [24]. Restoring the constraint back-reaction—the metric perturbations δγ, δR the
truncation drops—and reducing to the gauge-invariant combination Q yields, in conformal time,
the massless minimally-coupled de Sitter Mukhanov equation [25]

W ′′ +
(
k2 − 2

t2

)
W = 0, (17)

with no a2m2 term. The physical effective mass is therefore exactly zeroP11R5—the apparent
shift 6H2→4H2 is a gauge/truncation artifact, the ∝ a solution being pure residual gauge—and
the gauge-invariant perturbation Q is bounded—its two super-horizon branches going as a−3

and as a constant, the latter the standard frozen mode, so that the a−2 decay belongs to the
rescaled variable W = a δψ in which the equation is written rather than to Q itselfP11R2L10.
The propagating mode is thus a healthy massless de Sitter scalar, with no ghost, tachyon,
or runaway: the admissibility is established at the gauge-invariant level by computation, not
merely asserted robust to an ambiguous shift.

These computations, with the canonical structure of §2 already in hand, settle the classical
question. The full nonlinear Gowdy–de Sitter system is a genuine true-Hamiltonian system—
Hamilton’s equations from the canonicalH reproduce the full evolution—and it is exact vacuum-
Λ general relativity, so its energy and momentum equations (5)–(6) are the first-class Hamilto-
nian and momentum constraints of GR. A first-class constrained system evolves consistently to
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all orders by the contracted Bianchi identity: there is no classical dynamical obstruction at any
order. Two exact structures sharpen this beyond the Bianchi count. First, the homogeneous
shear charge C0 = Rt − 2Rψt extends to the full propagating system: AREA − 2WAVE is
identically a continuity equation, ∂t(Rt− 2Rψt) = ∂z(Rz − 2Rψz) with the Λ source cancelling,
so

∫
(Rt − 2Rψt) dz is conserved in the full inhomogeneous model, not only the homogeneous

sector. Second, the graviton’s reduced energy egrav = 2R(ψ2
t + ψ2

z) ≥ 0 is positive-definite, so
the propagating sector is ghost-free to all orders. These close the ghost and zero-mode run-
aways exactly. The one structure they do not by themselves close is a propagating nonlinear
parametric resonance, and here the natural monotone instrument fails for a precise reason: the
total field energy grows as 2Λa4, carrying the background’s own expanding energy, so no total
energy is monotone. The right object is the gauge-invariant perturbation energy, which decays
as a−2 with the monotone (never periodic) coefficient of (17), excluding single-mode resonance
at linear order and isolating the residual to nonlinear mode–mode transfer against the de Sitter
detuning. Every tractable sector—the homogeneous nonlinear back-reaction and the linearized
propagating mode—returns admissibility. The verdict, recorded at the scope it is earned:

Proposition 1. In the symmetry-reducible sector the nonlinear Λ > 0 dynamics of the de Sitter
cut admits a clean, consistent classical evolution, governed by a deparametrized true Hamiltonian
on the substrate’s cosmic foliation, with no obstruction at any order and unitary quantization
in every regime that can be checked. No feature of the continuous dynamics forces a quantum
structure; the dynamics admits quantization, as the Λ = 0 case does.

The residual just isolated—whether the propagating nonlinear evolution no-hairs away
rather than resonating into runaway—is exactly the future stability of de Sitter, and at the
level of the physics it is a settled theorem rather than an open frontier. Friedrich proved the
nonlinear stability of de Sitter in vacuum with Λ > 0: data near de Sitter have geodesically-
complete maximal developments asymptotic to it, a proof of cosmic no-hair in the vacuum
case [19]. His method—the conformal field equations, trading the global-in-time problem for a
local one at J +—is also why no exact energy in this model closes the question: energy is the
wrong instrument, and the failure of any monotone energy above is the expected shape of that
fact, not a sign of openness. Friedrich is a small-data result, exactly the perturbative regime
of the propagating graviton, so it settles the in-regime all-orders stability directly; Andréasson
and Ringström extend cosmic no-hair and future stability to all data in the T 3-Gowdy class
with Λ > 0 [20]—with Vlasov matter, a corroboration rather than a vacuum theorem—and
the one non-generic exception, the Nariai branch, unstable within the Gowdy class [21], is pre-
cisely the locus the range construction already isolates as the no-pivot seam [7]. The classical
propagating no-hair therefore holds for generic data, externally grounded, with the non-generic
Nariai branch the genuine boundary. This is convergence across results—vacuum small-data,
all-data Gowdy with matter, vacuum Nariai-genericity—rather than a single theorem covering
the exact vacuum polarized Gowdy–Λ case, and the in-model computations above are the right
in-model rigor the theorems ground rather than replace.

Two cautions fix the scope. This is not a constructed full non-perturbative quantization—
that object is neither built here nor needed for the verdict; and it is not the claim that no
structure could ever be forced, only that no classical dynamical obstruction exists, so that any
forcing must live elsewhere than in the continuous evolution. The one remaining candidate is
the discrete root structure of the construction—the horizon cubic’s S3 permutation symmetry
and its A2 root system (§7)—a separate, discrete object rather than a feature of the continu-
ous dynamics, and developed in the algebroid construction [12] rather than here. Within the
dynamics proper the verdict stands: the cut bends by a true-Hamiltonian flow that admits
quantization throughout the symmetry-reducible sector.
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4 Where the bend lives: the Type-I edge of the stratification

The range paper classifies the reachable geometries by the symmetry a cut retains—read in-
finitesimally, the subalgebra of the substrate isometry that fixes the cut, the isotropy [7]. This
isotropy is the cut-fixing substrate isotropy; on the symmetry-reducible sector it coincides with
the generated geometry’s own isometry (the residual symmetry there is inherited from the sub-
strate isometry that sweeps the cut), and it is this that falls, through the Type-D and Type-I
classes, to zero at the wall (Type N). At the wall the two notions part company—a point we
will need: the substrate isotropy is zero, while the Type-N geometry retains its own (large)
plane-wave isometry that is not substrate-inherited. The isotropy is maximal at the vacuum
cut (the de Sitter / FLRW stratum). The confined wave (2) sits at a definite stratum, and we
can name it exactly.

Proposition 2. The polarized Gowdy–de Sitter metric (2) with a generic profile ψ(t, z) admits
exactly two Killing vectors, ∂x and ∂y

P11R3, and so occupies the two-Killing-vector (Type-I)
stratum—the last confined stratum before the wall.

Verification. The metric coefficients depend only on (t, z), so ∂x and ∂y are manifestly Killing.
For a generic propagating profile—taking, e.g., ψ = sin t cos z with R, γ the corresponding
solution—the candidate additional symmetries all fail: the Lie derivative of the metric along
∂t, along ∂z, and along the boost z∂t + t∂z are each nonzero. The isometry is therefore exactly
the two-torus ⟨∂x, ∂y⟩, isotropy dimension two. □

This places the dynamics where the range paper said the confined radiation lives: “inter-
mediate symmetry confines radiation (the Type-I Einstein–Rosen and Gowdy waves, on the
edge)” [7]. The wave is the worked first bend at the last confined stratum: a single residual
symmetry (the T 2) still pins the polarization to a fixed global orientation, so the wave is self-
consistent only while it propagates transverse to that orientation. The dynamics is then the
motion of the cut along the strata: as one descends from the symmetric vacuum, the bend turns
on, generated by the true Hamiltonian, and the confined Gowdy–de Sitter wave is the explicit
instance at the edge.

5 The wall: a generative boundary, not a metric singularity

The loss of the last Killing vector—isotropy from two to zero—is the wall: the Type-N, freely
radiating boundary where no global sweep orientation survives and the polarization must re-
orient from place to place [7]. Two questions stand at the wall. Does the dynamics simply
continue across it? And is the wall a metric singularity—a place where, as at a black-hole or
cosmological horizon, a clock can be re-founded by the Null-Boundary Correspondence [2, 8]?
We settle both.

A metric singularity, in the precise sense of [2], is a collapse of the metric’s measure: a null
hypersurface along whose generators the spatial extent contracts to zero, so that two events that
are null-separated (∆s2 = 0) and spatially coincident (∆x = 0) are assigned vanishing temporal
separation (∆τ = 0)—distinct, causally ordered points the metric measures as one place at one
instant. A Killing horizon is the worked sufficient case, not the definition: for Schwarzschild–de
Sitter the static Killing field ζ = ∂t has |ζ|2 = gtt = −f , which vanishes at each horizon f = 0,
so its orbits become the null generators of zero invariant spatial extent and the measure-collapse
hypotheses are met, while the Kretschmann scalar K = 48M2/r6+24/α4 stays finite there—the
finite-curvature species. Worldlines pass through, and the freed Killing direction is reassigned
as the new timelike clock—this is cosmogenesis, the re-founding of a flat-ΛCDM clock on the
reassigned horizon null direction [8].
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Proposition 3. The wall is not a metric singularity of either species. Its metric is non-
degenerateP11R6—there is no null hypersurface along whose generators the spatial extent con-
tracts to zero—so the measure does not collapse and it is not the finite-curvature species; and
a Type-N solution is curvature-regular (all polynomial curvature invariants vanish), so it is not
the infinite-curvature (terminating) species either. It is a regular radiative boundary.

A note on the name, because the corpus carries two walls and they are different objects. The
wall of this proposition is the wall of inhomogeneity—the boundary past which the symmetry-
reducible sector ends and the Type-N radiative regime begins. The companion matter paper’s
throat wall is a different locus entirely: the r = 0 point on the throat circle at which a Dirac
zero-mode binds [11]. Both were labelled prop:wall in their own sources until this one was
renamed; the two should not be conflated, and a cross-paper reference to “the wall” should say
which.
Argument. Apply the criterion directly. The wall is a Type-N vacuum, a plane-fronted (Brinkmann)
wave [27] ds2 = 2 du dv +H(u, x, y) du2 + dx2 + dy2; its metric is non-degenerate (det g = −1),
so there is no hypersurface along which the spatial extent contracts to zero and the measure
cannot collapse—it is not the finite-curvature species. All its polynomial curvature invariants
vanish (it is VSI [28]), so it is not the divergent-invariant species either. That species is the de-
generation of the areal coordinate at the branch point r = 0, where the invariants of the r-chart
diverge by the chain rule while the geometry itself continues [29]: r = 0 is a branch point in
the complex τ̃ plane, the cosmogenetic bead passing through it onto the conjugate branch, and
it is the locus at which that branch becomes the matter branch [3, 8]. The wall carries neither
character. Hence the wall is neither species, directly by the measure-collapse criterion. The
Type-N field does carry a Killing vector—its covariantly-constant, fourfold-degenerate princi-
pal null direction, the characteristic of ordinary wave propagation—but that direction is null
everywhere: it makes no non-null-to-null transition, forms no Killing horizon, and produces no
measure-collapse, consistent with the verdict. (The “isotropy → 0” that marks the wall in §4
is the cut-fixing substrate isotropy, which vanishes here, not the wall geometry’s own isometry,
which as a plane wave is large; the two coincide on the symmetry-reducible sector and part only
at the wall.) □

The consequence sharpens the whole picture rather than complicating it. The Null-Boundary
Correspondence re-founds a clock by reassigning the freed null direction of a degenerating Killing
field ; the wall has no degenerating Killing field—its null Killing vector is null throughout, never
crossing from non-null to null—so the cosmogenesis mechanism has nothing to act on there.
Cosmogenesis lives at the finite-curvature Killing-horizon strata—the cosmological/black-hole
horizon and the Nariai seam—and not at the wall. That cosmogenesis, the re-founding of the
clock at the Nariai seam, is carried to a quantitative edge in the cosmogenesis paper [22]: the
matter re-expanding from the seam produces the primordial light-element abundances, a fossil
of the collapse that made it. The wall is instead the slicing operator’s generative boundary : the
locus where generation-by-symmetry, the sweep of a substrate isometry, runs out and hands
off to ordinary inhomogeneous evolution. “Why the cut bends past the wall” is therefore a
genuinely different question from cosmogenesis—it is the question of free, fully inhomogeneous
gravitational dynamics, with no residual symmetry to confine it—and the dynamics of this
paper, Hamiltonian throughout the symmetry-reducible sector, is exactly the dynamics up to
that boundary.

6 The handedness: chirality as the turning of the polarization
plane

At the wall the two transverse-traceless polarizations are free, so whether the radiation carries
a handedness—a chirality no isometry can undo—is settled by direct computation rather than
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asserted. Resolve the harmonic profile of §5 into the two polarizations,

ds2 = 2 du dv +H du2 + dx2 + dy2, H = h+(u) (x
2 − y2) + 2h×(u)xy, (18)

the Ricci tensor vanishing for any h+(u), h×(u)
P11R6—the two polarizations independent and

unconstrained (the trace part of H would be the matter bend, absent in vacuum). Two trans-
verse operations act on the pair h+ + ih×. The reflection x 7→ −x sends h× 7→ −h×, i.e.
(h+ + ih×) 7→ (h+ − ih×): it is the helicity-flipping parity, exchanging the two circular po-
larizations, and is a symmetry of the wave iff h× = 0. A transverse rotation by θ sends
(h++ih×) 7→ e−2iθ(h++ih×), the spin-2 transformation, with polarization angle 1

2 arg(h++ih×).
The handedness criterion follows. If the polarization is fixed—h× = 0, or any constant ratio

h+ : h×, a linear polarization along a fixed (possibly tilted) axis—that axis furnishes a fixed
reflection symmetry, parity identifies the two helicities, and there is no genuine chirality ; this
is the polarized Gowdy wave of §2, its single polarization pinned to a global orientation by
the residual T 2 isotropy of §4. If instead the polarization turns—1

2 arg(h+ + ih×) varying with
u, the plane reorienting along the wave—no fixed axis is a reflection symmetry for all u, no
isometry identifies the helicities, and the radiation is genuinely chiral. The slogan of §5, that
past the wall the polarization must reorient from place to place, is thus the exact criterion:
chirality is the turning of the polarization plane, the handedness being the Z2 sign of
d
du arg(h+ + ih×)—left- versus right-circular, helicity ±2.

The mechanism places this on the stratification. The reflection x 7→ −x is the radiative
descendant of the slicing reflection that fixes a comoving worldline in the symmetric sector;
there the swept SO(3) completes it to an orientation-preserving rotation and rotates it away, so
the two handednesses are identified—a mirror, not a chirality. The criterion therefore bites not
only at the wall but from the loss of that swept SO(3) onward: the polarized Gowdy edge (§4,
residual T 2, one fixed axis) is still achiral, the unpolarized turning wave is the first chiral case,
and the wall (no residual isometry) is where chirality is genericP9R9. So handedness is achieved
on a cut the operator reaches, and not deferred to a sector it does not generate: what the wall
adds is that chirality there is generic, not that it begins there.

The handedness is the orientation parity of the substrate—the reflection lying outside the
connected isometry group that sweeps the symmetric sector—surfacing in the radiating sector as
the graviton’s two helicities; it is not one of the cubic-organized markers of §7 but the radiating-
sector face of that single orientation Z2—the A2 diagram automorphism (the mass-reflection
parity R = γ5 of the groupoid paper) identified there with the de Sitter↔Schwarzschild vantage-
swap, the outer involution completing the Weyl group to Aut(A2) = D6 [4]—whose development
in the radiative sector belongs to the algebroid construction [12].

That this handedness rides the disconnected orientation parity, outside any connected-group
action, is also why it lies beyond the reach of the matter-sector index obstruction that renders
a connected-gauge fermion spectrum vector-like [14]: the gravitational sector is chiral precisely
through the component that obstruction cannot touch. The agreement is closer than a shared
conclusion: the two are one mechanism read in two sectors. The obstruction bites because a
positive-dimensional connected group contains a circle whose action forces the equivariant index
to vanish; the criterion above is achiral exactly while the swept SO(3) supplies a continuous rota-
tion that completes the reflection and identifies the two helicities. In each a connected isometry
identifies the handednesses, and a chirality survives only on the component no connected action
reaches—which is what the boundary paper means by saying where geometric chirality can live
at all. The two are established independently and by different instruments: there by an index
theorem on the compact face, here by direct computation on (18) in the real radiating sector.
So the handedness settled here is not merely consistent with that boundary; it is the same state-
ment computed where the index theorem does not reach, and the stratification supplies what
neither instrument alone does—the locus at which the identification is lost, the swept SO(3) of
§4. (The helicity–parity relation is itself standard for gravitational waves; what is specific here is
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the placement—identified by the swept SO(3) in the symmetric sector, released past it—read off
the programme’s own stratification.) That orientation parity is, in the geometric core [15], the
discrete residue the substrate’s exhausted continuous symmetry leaves—matter’s one geometric
opening; the handedness settled here is its face in the radiating sector, the same Z2 that acts on
the cut’s fermion as the chirality operator γ5 [14], here read dynamically. This Z2 is, moreover,
the gauged factor of the discrete residue’s full Aut(A2) = S3 × Z2

∼= D6: being a substrate
isometry, it grades a chirality that descends gauged—graviton helicity here, fermion γ5 there—
whereas the Weyl S3 is the monodromy symmetry of the solution space and no isometry, so a
family symmetry it would grade is global. Gauged chirality with global flavour is the Standard
Model’s own arrangement, following from which of the two factors is an isometry [12, 15].

7 The strata and their discrete markers

Read across the whole sector, the picture is a continuous flow punctuated by discrete boundaries.
The substrate isometry so(5, 1) acts continuously on the space of cuts, carrying the layer through
the symmetry-reducible sector; the true Hamiltonian advances it. The special strata are marked
by distinct discrete operations organized by the horizon cubic’s root structure: the Nariai seam
is the locus where two of the three horizon roots collide (a fixed point of the root-permutation
symmetry [3, 4]); the cosmogenesis horizon is the locus of the null↔timelike reassignment [8]; the
Riemannian↔Lorentzian seam is the locus of the signature flip [3]. The wall is the one boundary
carrying no such discrete marker—no colliding roots, no degenerating Killing field, no measure-
collapse—consistent with its being purely the end of continuous generation. These markers are
distinct operations, not one; but the strata they mark are the ordered turning points of a single
closed slicing curve—the operations distinct, the object one [3, 8]. The cosmogenesis marker
carries one further structure the boundary paper reads off it: composed with the antilinear
reality involution τ̃ 7→ ¯̃τ of that closed bead, the orientation parity R = γ5—graded in §6 as
the graviton’s handedness—is the geometric factor of charge conjugation’s kinematic closure,
C = (Q 7→ −Q)field ◦ (R ◦K)geometric, so that the same r = 0 crossing which re-founds the clock
here supplies, read in the matter sector rather than the radiative one, the Feynman–Stückelberg
face of C [14]. (The detailed development belongs to the algebroid construction [12] and is
summarized here only to place the dynamics.)

8 Scope, and where what is not claimed here is settled

The distinction the list below turns on is the programme’s own: a result may ground a reading
without entailing it, and the two are not to be run together [5]. Each item is placed accordingly.

We have exhibited the dynamics of the cut in the regime where it is exact and Hamiltonian:
the confined Gowdy–de Sitter wave, the leaf’s transverse-traceless shear advanced by a true
Hamiltonian on the substrate’s cosmic foliation, located at the Type-I edge of the stratification,
with the wall identified as a regular radiative boundary rather than a metric singularity. Three
things are explicitly not claimed here, and they stand differently: the first is registered as an
open problem of the programme, the second lies outside the construction by a result proved
below, and the third is carried out in the companion canonical-time paper:

1. the full nonlinear Λ > 0 evolution is resolved here on its classical side (§3, Proposition 1):
the de Sitter background is an attractor, every tractable sector admits, and the first-class
system is consistent to all orders, so the continuous dynamics admits rather than forces
a quantum structure. What is not claimed is a closed-form nonlinear solution, nor a full
non-perturbative quantization—neither is built here, and the latter is not needed for the
admissibility verdict. The non-perturbative quantization is the definition of the interacting
tower, which the framework paper carries as an open problem of the programme [8];

11



2. the dynamics strictly beyond the wall, in the fully inhomogeneous Type-N regime. This
is not owed work but work of a different kind: by Proposition 3 the wall is a regular
radiative boundary and what lies past it is ordinary free evolution, not a stratum-crossing
this construction generates;

3. the lift of the deparametrizedHphys to the closed-S
3 model appropriate to the cosmological

sector — carried out in the companion canonical-time paper [9], where the identification
of the cosmic-microwave-background frame with the comoving congruence and the null-
boundary S3 is made precise and the transverse-traceless graviton tower deparametrizes
to a unitary cosmic-time evolution; the planar Gowdy model of the present paper is the
companion field-theoretic realization in the symmetry-reducible sector.

None of these unsettles the result obtained: within the symmetry-reducible sector the cut bends
by a true-Hamiltonian flow, and the boundary of that sector is a generative boundary, not a
singular one. The cut’s dynamics at the other boundary is the matter counterpart of the
confined bend developed here. That boundary is the cosmogenesis branch point, and it is not
this paper’s wall (§5): its substrate curvature is finite while the geometry read over the areal
chart diverges, where the wall carries neither. There the crossing of matter through the seam is
shown well posed and structurally governed—the foliation-preserving reassignment fixing the Λ-
set rate while the density crosses as inherited content—in the companion cosmology paper [10],
and the worldline side is settled with it : a comoving worldline reaches the branch point at finite
proper time with divergent tidal stretch and terminates, what continues being the analytic
continuation, so the crossing is lossless for content and fatal for bodies [8]. The scalar (density)
perturbation sector—the counterpart to the transverse-traceless tensor sector developed here,
and the primordial source of the cosmic-microwave-background anisotropies—is treated in the
companion paper [10].

Read against the whole, this dynamics sets the framework’s one synthesis in motion. The
maximally symmetric de Sitter substrate is read at once as general relativity’s solution space—
generated on its cuts by the slicing operator—as the discrete CPT and charge residue, and
as the gauge algebra on its conjugate real form [8]; the present paper advances the first face,
the cut’s true-Hamiltonian flow through the symmetry-reducible sector, Hamiltonian up to the
generative boundary and ordinary general relativity beyond it, and surfaces the second in the
radiating sector—the graviton’s handedness the discrete orientation parity that grades the cut’s
fermion as γ5 [15]. The continuous dynamics and the discrete residue are two faces of the one
substrate, read here in motion and in the radiating sector.
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Appendix R Computational Receipts

Each computation marked R in the text is verified by a runnable receipt in the receipts/ directory that
ships with this work; status OK = verified (traced, run, output matches the claim). This appendix is
generated from the receipt index, not maintained by hand.

P11R1 P11 gowdy dS [OK]
sec:gowdy (polarized Gowdy-de Sitter metric: R munu=Lambda g munu is EQUIVALENT to
the four field equations (WAVE/AREA/ENERGY/MOMENTUM)). Computes: Einstein tensor
computed; E xx=WAVE x factor, E tz=MOM/R, E tt+E zz=EN/R, E yy=(WAVE-AREA) x
factor; Lambda=0 control Bound: the confined bend = consistent nonlinear GW Run: python3

receipts/P11 dynamics paper/P11 gowdy dS.py

P11R2 F50 the a minus two belongs to W and Q is bounded by going constant [OK]
sec:gowdy (P11 says the gauge-invariant perturbation Q is bounded, DECAYING AS aˆ-2. Q is
bounded and the aˆ-2 is not its: on the paper’s own convention Q = W/a the two super-horizon
branches go as aˆ-3 and as a constant, and the aˆ-2 belongs to W, the rescaled variable the equation
is written in). Computes: solves the paper’s own W” + (kˆ2 - 2/etaˆ2)W = 0 super-horizon, gets
p(p-1)=2 so p in {-1,2}, maps via a = -1/(H eta), and reads both variables’ exponents: W gives
{-2,+1} and Q gives {-3,0}. The CONTROL discriminates the convention rather than the arith-
metic – the claim is FALSE under the paper’s Q=W/a and TRUE under Q=W, and the two must
disagree or the test is measuring arithmetic Bound: SUPPORTS P11 – and the paper’s conclusion
(bounded, no ghost, no tachyon, no runaway) STANDS ENTIRE: no Q exponent is positive. NOT
CLAIMED: any defect in P11’s equation, its zero effective mass, or its admissibility argument –
P11 mukhanov covers those and they hold. Only the variable one decay exponent is attached to
Run: python3 receipts/P11 dynamics paper/F50 the a minus two belongs to W and Q is bounded by going constant.py

P11R3 P11 twoKV [OK]
prop:twoKV (Gowdy-dS metric with generic psi(t,z) admits exactly two Killing vectors d x,
d y (Type-I edge)). Computes: covariant Killing eqn=0 for d x,d y; d z,d t not Killing (generic
psi); g xx!=g yy blocks rotation; flat-profile control Bound: intermediate symmetry confines the
radiation Run: python3 receipts/P11 dynamics paper/P11 twoKV.py

P11R4 P11 deSitter attractor [OK]
sec:nonlinear/prop:admit (de Sitter attractor: background psi t=sqrt(L/3)eˆpsi (constant H);
conserved shear charge C0=R t-2R psi t (via AREA=2WAVE); 2R s t=-C0 dilutes anisotropy).
Computes: background solves ENERGY+AREA; H=sqrt(L/3) const; C0 conserved; shear rela-
tion; C0=0 isotropy control Bound: nonlinear Lambda¿0 dynamics isotropizes Run: python3

receipts/P11 dynamics paper/P11 deSitter attractor.py

P11R5 P11 mukhanov [OK]
sec:nonlinear (Mukhanov) (linear de Sitter tensor mode -¿ Mukhanov W”+(kˆ2-2/etaˆ2)W=0
(massless); physical effective mass exactly zero, naive 6Hˆ2 is a gauge artifact). Computes:
Mukhanov transform W=a deltapsi symbolic; a”/a=2/etaˆ2; massless reduction; naive mˆ2=6Hˆ2
gives +4/etaˆ2; mˆ2 residual control Bound: effective mass zero Run: python3 receipts/P11 dynamics paper/P11 mukhanov.py

P11R6 P11 wall ppwave [OK]
prop:wall + sec:chirality (wall = Type-N Brinkmann pp-wave: det g=-1 (non-degenerate, NOT
a metric singularity); H=h +(u)(xˆ2-yˆ2)+2h x(u)xy vacuum for any h +,h x (two free polariza-
tions); varying ratio = chirality). Computes: det g=-1 any H; Ricci=0 for arbitrary polarizations;
Weyl!=0 (Type N); polarization angle; trace-part control Bound: generative boundary, not a
singularity Run: python3 receipts/P11 dynamics paper/P11 wall ppwave.py

P11R7 P11 unpolarized gowdy cut [OK]
sec:unpolarized (new) / sec:chirality (**THE UNPOLARIZED GOWDY–DE SITTER CUT,
BUILT – the corpus’s FIRST CHIRAL GEOMETRY, which it had named and not constructed.**
** (1) THE TWO POLARIZATIONS ARE A WAVE MAP INTO THE HYPERBOLIC PLANE.
** In P = 2 psi - ln R, Q = omega the torus-block equations are IDENTICALLY (R P t) t - (R
P z) z = R eˆ{2P}(Q tˆ2 - Q zˆ2) and (R eˆ{2P} Q t) t - (R eˆ{2P} Q z) z = 0 – **both residuals
asserted zero** – the harmonic-map system into dPˆ2 + eˆ{2P} dQˆ2, whose **Gaussian curva-
ture is computed and asserted -1**. The polarized case is the geodesic Q = const. ** (2) LAMBDA
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IS ABSENT FROM THE WAVE SECTOR ** – it enters only the area and conformal equations
– **and that explains P11’s own source**: with Q = 0 the exact identity (R P t) t - (R P z) z =
2[(R psi t) t - (R psi z) z] - (R tt - R zz) makes the polarized WAVE equation’s Lambda term the
AREA equation, changed variables. In the wave-map variable the graviton propagates freely. **
(3) THE HANDEDNESS IS pi 0 OF THE TARGET’S ISOMETRY GROUP, AND IT CARRIES
A CONSERVED CHARGE. ** The transverse reflection x -¿ -x flips g xy and fixes everything else
(asserted), i.e. Q -¿ -Q with P fixed: an isometry of the target whose differential has determinant
-1, hence outside the identity component. On the homogeneous reduction (3-dim abelian isometry,
SPACELIKE orbits, a class P9 lists as reachable) the Q equation integrates to the **twist c = R
eˆ{2P} Q t = const**, and the parity acts as **c -¿ -c**. So the graviton’s handedness is the SIGN
OF A CONSERVED CHARGE and the orientation parity is its sign flip; c = 0 is the polarized
achiral cut. An explicit c != 0 solution is integrated with the first integral asserted conserved.).
Computes: the metric’s six nonzero field-equation components derived and asserted; the system
solved for the four second time-derivatives; both wave-map residuals asserted identically zero on
shell; the target curvature computed and asserted -1; the polarized-reduction identity asserted;
the reflection’s action asserted componentwise; and the homogeneous reduction integrated numer-
ically with the twist asserted conserved Bound: ** NO NEW IDENTIFICATION IS CLAIMED.
** That this Z 2 is the same one acting on the cut spinor as gammaˆ5 is P11’s own result, used
here and not re-derived. The explicit solution exhibited is the HOMOGENEOUS reduction; the
inhomogeneous z-dependent Gowdy solutions are the wave map’s general Cauchy problem and are
not solved Run: python3 receipts/P11 dynamics paper/P11 unpolarized gowdy cut.py

P11R8 P11 propagating chiral member [OK]
sec:unpolarized / sec:chirality (**THE UNPOLARIZED CUT’S PROPAGATING CHIRALMEM-
BER, BUILT – the inhomogeneous, two-mode, turning-polarization Gowdy wave L-163 named as
its own open Cauchy problem and did NOT solve (it built only the homogeneous reduction).**
** (1) THE (P,Q) WAVE MAP IS UNCONSTRAINED. ** In areal gauge R=t the vacuum torus
block IS the harmonic map for P=2psi-ln t, Q=omega into Hˆ2 (both residuals asserted zero on
shell), and the two remaining Einstein equations give gamma by a first-order quadrature whose in-
tegrability d t(gamma z) - d z(gamma t) is asserted IDENTICALLY zero on shell – so every (P,Q)
Cauchy datum integrates to a genuine vacuum member and the wave carries no hidden constraint.
** (2) AN EXPLICIT INHOMOGENEOUS PROPAGATING MEMBER, TO MACHINE PRE-
CISION. ** A single-helicity circularly-polarized travelling wave, evolved spectral-in-z, RK4-in-t:
genuinely z-dependent (Q z != 0, two propagating modes, not the homogeneous reduction), RK4
self-convergence ratio asserted ˜16 (4th order), field-equation residual asserted at the roundoff
floor. ** (3) THE POLARIZATION PLANE TURNS WITH A DEFINITE Z 2 SIGN. ** With
the orthonormal Hˆ2-frame strain-rates a +=P u, a x=eˆP Q u (P11’s h +,h x in the wall limit)
the chirality is the winding chi = oint (a + da x - a x da +)/(a +ˆ2+a xˆ2) = oint d arg(h + +
i h x), P11 sec:chirality’s criterion: asserted nonzero and definite-signed on the turning member
and asserted IDENTICALLY zero on the polarized cut Q=0 (a fixed axis, achiral), with the ellip-
ticity family interpolating. ** (4) THE PARITY Q -¿ -Q FLIPS THE HANDEDNESS. ** chi -¿
-chi asserted (sum of the two helicities’ windings asserted zero) – helicity +/-2, the two helicities
parity images ON a propagating wave.). Computes: torus block solved and matched to the (P,Q)
wave map, both residuals asserted zero; constraint integrability d t(gamma z) - d z(gamma t) as-
serted identically zero on shell; RK4 self-convergence asserted 4th order (ratio in (12,20)); PDE
residual asserted ¡ 1e-8; winding asserted abs¿1 on the turning member and asserted ¡1e-9 on
Q=0 (which also stays identically 0); parity asserted to flip the winding’s sign to ¡ 1e-6 Bound:
**THE FIFTH (CHIRAL) CLASS IS BUILT** – the turning-polarization member is a solved,
converged, propagating vacuum solution, and the chirality is exhibited ON it. NO new gammaˆ5
identification claimed (P11’s, used not re-derived); Lambda-free wave sector per L-163 so the de
Sitter case shares this dynamics; solution numerical (roundoff), not closed-form Run: python3

receipts/P11 dynamics paper/P11 propagating chiral member.py

P11R9 C50 the dirac sector propagates and its chirality is the twists sign [OK]
sec:unpolarized (**THE DIRAC SECTOR ON THE UNPOLARISED GOWDY–DE SITTER
MEMBER, BUILT – the thing ‘P07‘’s open item actually names.** P14 builds the fermion as
BOUND leaf modes and says it is not a propagating theory; P11 builds the propagating GRAVI-
TATIONAL member; P14’s own sentence names the gap as ”what is not built is the Dirac sector on
it”. ** (1) THE TWIST IS A SPIN-CONNECTION COMPONENT. ** On the coframe e0=eˆA
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dt, e1=eˆA dz, e2=eˆpsi(dx+omega dy), e3=R eˆ-psi dy (A=gamma-psi) the connection carries
**omega {t,23} = -(1/2) c eˆ{-2psi}** and omega {z,23} = -(1/2) c z eˆ{-2psi}, with c = R
eˆ{2P} Q t P11’s own conserved twist – asserted as exact symbolic zeros. ** (2) THE FRICTION
IS EXACTLY REMOVABLE and the whole reduced operator is FOUR TERMS: ** gammaˆ0
d t + gammaˆ1 d z + i m x gammaˆ2 + i m y gammaˆ3 + i b z gammaˆ5 gammaˆ1 + i b t
gammaˆ5 gammaˆ0 = 0, with m x, m y the Killing momenta as masses and (b t,b z) = (c z,c)
eˆ{-2psi}/4 the twist – **carried on gammaˆ5 alone, an AXIAL vector** – asserted as an exact
matrix identity. ** (3) IT PROPAGATES – the question the item asks. ** The principal part eˆ{-
A}(gammaˆ0 d t + gammaˆ1 d z) carries neither the twist nor the momenta, so the characteristic
matrix gammaˆ0 gammaˆ1 is hermitian with eigenvalues exactly +/-1: **the characteristics ARE
the light cone and nothing binds**, against P14’s wall modes which bind on a superpotential’s sign
change. Measured: packet centroid speed 1.000000. ** (4) THE TWO NORMS AGREE HERE.
** Omegaˆ2 = 1/sqrt(h) exactly, so the flattening factor of the reduced operator IS the leaf’s own
volume element and the conserved spacetime Dirac norm and the leaf proper-measure norm are
the SAME integral – P14’s disagreement is at horizons this member does not have. ** (5) THE
CHIRALITY IS THE TWIST’S SIGN. ** At vanishing Killing momenta the operator splits on
gammaˆ5 into **E R = +/-(k - b), E L = +/-(k + b)**, opposite shifts, so the orientation parity
is a symmetry only as the JOINT operation c -¿ -c with gammaˆ5 -¿ -gammaˆ5. Measured on
a genuine vacuum-Lambda background: relative phase 0.326988 against 2 int b dt = 0.326988.).
Computes: coframe asserted to reproduce eq:unpolarized; connection asserted antisymmetric in
all 64 components; the two twist identities asserted exact; the four-term Clifford form asserted
an exact matrix identity; all five nonzero components of G+Lambda*g asserted to vanish IDEN-
TICALLY on the integrated background; characteristic eigenvalues asserted +/-1; speed asserted
within 1e-4 of 1; norm asserted conserved to 1e-9; relative phase asserted equal to 2 int b dt within
1e-4 and asserted LARGE (¿0.3). **SEVEN CONTROLS, each shown to fire**: dropping omega
from e2 returns the polarised cut; the twist identity with 1/3 for 1/2 is FALSE; Omega without
Rˆ{-1/2} leaves R-derivatives; the Clifford form with c/3 for c/4 is FALSE; doubling gamma t
breaks the [00] Einstein component; **k x=0.9 gives speed 0.926655 ¡ 1, so the speed measurement
CAN fail**; a non-antihermitian term drifts the norm by 2.2e-1; and c=0 gives relative phase 0
while c -¿ -c reverses it Bound: Massless Dirac TEST field: no back-reaction, no quantisation,
no mass term. Algebra general in (t,z); numerics on the HOMOGENEOUS reduction, where c is
conserved. **BOUNDARY MEASURED, not assumed: the chirality lock is EXACT in the Killing
zero mode and BROKEN by transverse momenta** – at k x=0.9 the phase is 0.370120 against
0.326988 – which is the expected physics, since m x and m y are mass terms and a mass breaks chi-
rality; the torus always carries k x=k y=0. NOT CLAIMED: any Standard-Model identification,
any generation count, the compact-face gauge sector, or the interacting tower – separate items,
still open. No new gammaˆ5 identification is claimed; P11’s is used, not re-derived Run: python3

receipts/P11 dynamics paper/C50 the dirac sector propagates and its chirality is the twists sign.py

I2 the stratification three of four are worked [OK]
sec:gowdy (the matter dynamics is STRATIFIED by symmetry and three of four strata are worked;
the unbuilt one is the stratum with no continuous isometry). Computes: asserts the closed form,
the Gowdy exhibition and its Type-I-edge placement, the walls character, and that P11 carries zero
beyond-the-wall content (13 checks) Bound: NOT-A-PAPER-CLAIM — narrows L-174 and routes
a citation Run: python3 receipts/L174 general matter dynamics/I2 the stratification three of four are worked.py

I3 the identification is general and the shear count is the gap [OK]
sec:gowdy (P11s identification is a GENERAL ADM identity, so the two Killing vectors buy a
COUNT and not the content; the dark region is the selection among five-component shears). Com-
putes: derives Kˆ2 - K ij Kˆij = (2/3)thetaˆ2 - sigmaˆ2 symbolically with no symmetry assumed,
and asserts the minus sign on sigmaˆ2 (14 checks) Bound: NOT-A-PAPER-CLAIM — first pur-
chase on the unworked stratum Run: python3 receipts/L174 general matter dynamics/I3 the identification is general and the shear count is the gap.py

N1 the nonlinear freedom is the general first class structure [OK]
prop:admit (L-174 (1)’s nonlinear remainder splits: the FREEDOM (sigmaˆTT stays free) is the
contracted Bianchi identity, symmetry-free so it covers the general leaf not only P11’s Gowdy
model; P11’s shear-charge and reduced-energy are the separate STABILITY layer, routed to
Friedrich/A-R). Computes: checks general no-isometry TT data preserves the momentum con-
straint, sigmaˆ2 is a positive O(epsˆ2) scalar sourcing the energy sector, nabla mu Gˆmu nu
= 0 EXACTLY on the inhomogeneous all-orders leaf, and P11’s freedom vs stability layers
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at source (19 checks) Bound: NOT-A-PAPER-CLAIM — informs vein L-174 (1)’s nonlinear
remainder and L-165 (PO-6); the conversion runs by ‘F5‘’s stated procedure Run: python3

receipts/L801 nonlinear shear freedom/N1 the nonlinear freedom is the general first class structure.py

I10 the constraint propagation is symmetry free [OK]
sec:nonlinear (cc54s L-801 verified independently: the contracted Bianchi identity holds to
O(epsˆ2) on a two-wave metric with NO Killing vector, so the FREEDOM half generalises and only
STABILITY is Gowdy-scoped). Computes: builds Christoffels, Riemann, Ricci and G to second
order on a no-Killing-vector metric and contracts the Bianchi identity in all four components (12
checks) Bound: NOT-A-PAPER-CLAIM — verifies cc54 on this tree; the vein verdict is unseated
Run: python3 receipts/L174 general matter dynamics/I10 the constraint propagation is symmetry free.py

S1 the stability bracket closes the needed cell is covered [OK]
sec:nonlinear (L-245 closed against the literature: the stability bracket is a 2x2 grid (symmetry
x data-size) with ONE open cell — (general, all-data) = the cosmic no-hair conjecture, general
GR’s open problem not CR’s; the cell CR needs (vacuum perturbative graviton) is covered by
Friedrich, as P11 itself states). Computes: anchors P11’s routing and its ”exactly the perturbative
regime of the graviton” line, builds the coverage grid with general-subsumes-symmetric, asserts the
unique open cell and CR’s covered cell, adds Rodnianski-Speck which the corpus does not cite (10
checks) Bound: NOT-A-PAPER-CLAIM — closes the bracket on L-245 (the literature horn); in-
forms L-165 (PO-6); whether CR needs large-data is a construction question, not settled here Run:
python3 receipts/L802 stability bracket/S1 the stability bracket closes the needed cell is covered.py

S2 the regime question is settled by the corpus [OK]
sec:nonlinear (the regime question is settled by the corpus rather than by a judgement: P11
places the propagating graviton in the perturbative regime, the stratums free data IS that gravi-
ton, and the wall is where it is freed). Computes: asserts P11s perturbative-regime sentence
and cor:radiations naming at source, and rests on cc54s S1 grid which is present on this tree
(10 checks) Bound: NOT-A-PAPER-CLAIM — closes L-245, scoped per r2505 Run: python3

receipts/L802 stability bracket/S2 the regime question is settled by the corpus.py

S1 the nariai closed form extends as a series in the horizon separation [OK]
sec:nonlinear (A9 (PO-6(c)): the Nariai closed form extends off the degenerate member — dS 2 x
Sˆ2 with both radii r n=alpha/sqrt3=1/sqrt(Lambda) is the leading term, the geometry is a series
in the horizon separation epsilon ˜ sqrt(M N-M), and f”(r n)=-6/alphaˆ2 is its leading coefficient).
Computes: solves f=0 & f’=0 for the Nariai member symbolically, recovers r n/M N/f”(r n), shows
the throat is dS 2 x Sˆ2 with equal radii and the horizon separation goes as sqrt(M N-M) (8 checks)
Bound: NOT-A-PAPER-CLAIM — A9; informs L-165 (PO-6); the closed form extends Run:
python3 receipts/L808 nariai extension/S1 the nariai closed form extends as a series in the horizon separation.py

S1 the L553 pontryagin value reproduces at its own pinned point [OK]
sec:chirality (PO-6 (OWED #518, routed to cc54 at c54.219): STATE the (H,k,omega) at which
L553’s R˜R=4.977310 was evaluated so it is reproducible. The point is the DEFAULTS of L553’s
own numeric pontryagin num: (H,k,omega)=(0.5,1.5,1.4) at Xp=(t,x,y,z)=(1/3,0,0,0.4), eps-¿0.
Imports L553’s function and recovers +4.977310 (circular+), -4.977310 (opposite handedness), 0
(linear), closed form 147 eˆ(-1/6)/25=4.977313. Pins the second point so the r2794 ”two parameter
points, not two answers” is checkable: L-821’s +4.5 is at (0.5,1,1.5), this at (0.5,1.5,1.4); the invari-
ant is degree-4 homogeneous in (H,k,omega), so different points give different values). Computes:
imports L553’s pontryagin num, evaluates the three polarisations at its default (H,k,omega)/Xp,
checks the value, the sign flip, the closed form, and the distinctness from L-821’s point (3 checks)
Bound: NOT-A-PAPER-CLAIM — reproducibility metadata for L-553/L-821’s Pontryagin fig-
ure; only the STRUCTURE (0/±/flip) is invariant, the number is a field at a chosen point Run:
python3 receipts/L825 pontryagin point/S1 the L553 pontryagin value reproduces at its own pinned point.py

P3R12 P03 acceleration is slice curvature [OK]
sec:curvature · rem:twocritical · the bend (on ANY member of the energy family (E cancels:
(dr/dtau)ˆ2 = Eˆ2 - f, and E is a constant of the motion) dˆ2r/dtauˆ2 = -f’/2 = r*K G identically,
so THE SIGN OF THE SLICE’S GAUSSIAN CURVATURE IS THE SIGN OF THE COMOVING
ACCELERATION – and the flat locus is the deceleration-to-acceleration turnover, which on Nariai
is the seam and in standard terms is rho m = 2 rho Lambda (cschˆ2 w = 2 ¡=¿ sinh w = 1/sqrt2, the
seam’s phase). A recent cosmological epoch: 7.06 Gyr at H0=73, 7.65 at 67.4, preceding matter-
Lambda equality [borrowed from P3 · P7 · P8]). Computes: the identity asserted; the K G zero
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solved and matched to (M alphaˆ2)ˆ(1/3); cschˆ2 w = 2 ¡=¿ sinh w = 1/sqrt2 proved by algebra
after simplify() failed on the closed forms; epochs at both H0 Bound: bound: identities on the Nar-
iai E=1 worldline; no causal claim between seam and turnover – they are one locus; dating inherits
H0 Run: python3 receipts/P03 SdS slicing/P03 acceleration is slice curvature.py

P9R9 P09 the wall is not the loss of symmetry [OK]
cor:wall / cor:radiation / thm:range · sec:chirality (**THE RANGE’S BOUNDARY IS NOT THE
LOSS OF CONTINUOUS SYMMETRY, AND THE PAPER’S OWN BEYOND-THE-WALL EX-
EMPLAR IS THE WITNESS.** ** THE TYPE-N PLANE WAVE HAS FIVE KILLING VEC-
TORS AND IS VACUUM ** – more continuous symmetry than Schwarzschild’s four, and no
matter at all – so BOTH readings cor:wall gives of the boundary are falsified by the geometry
cor:radiation sends beyond it. DERIVED HERE: (1) for dsˆ2 = 2 du dv + H duˆ2 + dxˆ2 +
dyˆ2 the ansatz xi f = fˆa(u) d a - (fdot.x) d v is Killing **iff fdd = A f, A = [[h+,hx],[hx,-
h+]]**, every other component of Lie xi g vanishing identically – a 4-dim solution space plus
d v = FIVE, checked on a TURNING (chiral) profile with Ricci = 0; (2) **[xi f, xi g] = W(f,g)
d v with dW/du = 0 on shell -¿ the algebra is the 5-dim HEISENBERG algebra**, derived al-
gebra the 1-dim centre; (3) **the orbits are 3-dim and NULL** (no Killing vector has a d u
component; g(d v,d v) = 0); (4) **so(5,1)’s unipotent radical is ABELIAN** (K i = M 0i +
M 5i commute pairwise, Kˆ3 = 0), so no Heisenberg algebra of unipotent isometries embeds –
the wave’s FULL algebra is not a sweep; (5) **but its abelian Rˆ3 subalgebras DO embed**,
so the plane wave SATISFIES thm:bound/thm:range’s stated condition while cor:radiation places
it beyond the wall – **read literally the two are inconsistent**; (6) **the repair is thm:bound’s
OWN second clause**: the boundary is the loss of a symmetry whose ORBITS CAN CARRY A
LEAF, the two criteria coinciding across every class the paper fills and coming apart exactly on
the null orbits; (7) **and the chirality consequence runs in the construction’s favour**: on the
Gowdy form d x, d y are Killing and spacelike and the reflection x -¿ -x is an isometry iff g xy
= 0, i.e. iff POLARIZED – so the unpolarized turning wave is chiral and lies IN the reachable
sector by P9’s own ground. **Gravitational chirality is achieved INSIDE the range.** [borrowed
from P9 / P11]). Computes: the Killing condition derived symbolically and reduced to the os-
cillator system; Ricci asserted zero on the turning profile; the Wronskian asserted constant on
shell; the orbit asserted null; so(5,1) asserted 15-dimensional with the four K i asserted pairwise-
commuting and nilpotent; and the Gowdy reflection condition asserted equivalent to Q = 0 Bound:
** THIS CHANGES A CHARACTERISATION, NOT A RESULT. ** No reachable class, filling,
or vacuum kernel moves; the Z 2 identification (graviton helicity and fermion gammaˆ5 as one
orientation parity) is P11’s and is untouched. **And the first chiral member of the range is
NAMED, not built** – the cut constructed exactly is the polarized, achiral one Run: python3

receipts/P09 range paper/P09 the wall is not the loss of symmetry.py

19



Appendix L The Knowledge Ledgers

Each claim marked L in the text rests on a field bake or the figure–theorem bake recorded in the named
ledger, which ships with this work and carries the probes, the receipts, and the three registers kept apart
— what bit, what bounced, and where the boundary is. A ledger is working apparatus, not a publication,
and is cited here rather than in the bibliography. This appendix is generated from the ledger index, not
maintained by hand.

L3 CARTAN HOLONOMY LEDGER.md [field bake]
The Cartan / connections-and-holonomy field-bake ledger — what bit, what bounced, and the
boundary. First of the four fields ‘L-272‘’s re-survey left outstanding. ‘OWED‘ 622

L10 FUNCTIONAL ANALYSIS LEDGER.md [field bake]
The functional-analysis / unitarity field-bake ledger — the field that bounced, and the one routing
fact it returned. Third of the four fields ‘L-272‘’s re-survey left outstanding. ‘OWED‘ 622
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