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Abstract

We extend the frozen endpoint preparation contract in two directions. Conserved errors in the
two species norms give a centered Hamiltonian perturbation with an explicit curvature budget.
A joint geometry-and-energy gate replaces the earlier small distance-only ball by a sufficient
sublevel test inside the larger tube; an exact zero-Gauss example is admitted at 2.5 times the
earlier sufficient initial radius. The proof works on the ambient normalized phase space and
requires no zero-Gauss projection. Nonzero Gauss levels remain distinct from solutions of the
zero-source constrained action. We quantify their conserved residual and retain the global trace
obstruction to unequal-norm neutrality. An exact residual-cone example shows that correction
distance can scale as the square root of the residual, precluding a linear correction estimate in
that cone. No physical constraint repair or experimental result is asserted.

Fix a,N > 0, finite r ≥ 1, κ = rNk∗ and 0 < η ≤ Rp from the frozen endpoint tube [1,2]. Let the
actual constant species norms be nq, nw > 0. Normalize each species separately, retaining the frozen
unit-sphere/Frobenius metric and reference orbit O∗. Put

c = N/1600, B = cη4, DN = |nq −N |+ |nw −N |.

Theorem 1 (Sufficient energy admission). Let other invariant Hamiltonian errors have generic
gradient bound ν and centered Hessian bound βo on the full tube. Set

β = βo + 20DN , ν + ηβ ≤ cη3/8.

Let P̂ bound the invariant preparation score of [3], and let F̂0 bound the total actual orbit-relative
initial energy. If

P̂ ≤ η2/4, F̂0 ≤ B/2,

then dg(x(t),O∗) < η for all real time under static ambient Hamiltonian evolution, at any initial
Gauss level. Uniform time-dependent errors also permit trapping through T when their cumulative
spatial-gradient variation is at most cη3/8.

Status. Development, no registry entry. Constructor verification; independent review pending;
physical promotion 0. Frozen nominal action and ledger unchanged. Nonzero Gauss states here are
ambient Hamiltonian states, not zero-source constrained-action solutions.
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1 Norm changes as centered Hamiltonian errors

The frozen carrier is the tetrahedron’s fifteen nonempty faces, with 28 Hasse links and eighteen
diamonds. For e = (i← j), be = ±1, define DU [i, j] = beUe, hU = i(D†

U −DU ) and

Wd = (UihUhk)†UijUjk.

The actual matter coordinates are ψ = √nqq, χ̄ = √nww, ∥q∥ = ∥w∥ = 1. The Hamiltonian
expressed in these coordinates is

Hn = a

2
∑

e

trE2
e + κ

∑
d

(1− Re trWd/r) + nqq
†hUq + nww

†hUw + µ(nq + nw).

The two matter symplectic forms have opposite signs and retain scales nq, nw. Normalizing is a
coordinate change on each positive fixed-norm leaf; it does not change the physical norms, repair
Gauss constraints or replace their symplectic weights by N .

Write HN for the reference equal-norm function and H∗ = HN (O∗). The frozen orbit has U∗
e =

diag(−ibe, Ir−1), E∗ = 0, q∗
i = w∗

i = vie1, with v > 0 a unit Perron vector and ρ =
√

8 + 2
√

10.
Define f(U, z) = z†hUz. Up to a constant,

Vn = Hn −HN = (nq −N)f(U, q) + (nw −N)f(U,w).

Its orbit value, including the mass term, is (nq + nw − 2N)(µ− ρ).

Lemma 2 (Norm-error curvature budget). The gradient of Vn vanishes on O∗ and ∥HessVn∥ ≤
20DN globally in the reference product metric.

Proof. At the reference point, hU∗ = −T on the active color and Tv = ρv, so the sphere derivative
of each individual f vanishes. A link variation is iAeU

∗
e with Hermitian Ae; its active diagonal is

imaginary relative to the real hopping minimum, and its first energy derivative is zero. Invariance
transports these conditions over the orbit.

Along a product geodesic let b2 =
∑
∥Ae∥2F and cz = ∥ż∥. Maximum node degree four gives

∥h(j)
U ∥ ≤ 4bj . Round-sphere derivatives give ∥z(j)∥ = cj

z. Leibniz implies

|f ′′| ≤ 4(b+ 2cz)2 ≤ 20(b2 + c2
z),

since 20(b2 + c2
z)− 4(b+ 2cz)2 = 4(2b− cz)2 ≥ 0. Multiply by each absolute norm error and sum;

the total product speed bounds each b2 + c2
z. This proves the Hessian bound. The constant mass

term has zero derivatives.

Norms are conserved by species-phase invariant Hamiltonian evolution. Time variation of actual
norms caused by non-Hamiltonian leakage is outside this theorem.
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2 Energy gate and proof of trapping

Let d = dg(x,O∗). The conditional inherited endpoint bounds [1,2], on the full normalized fixed-norm
manifold, are

HN −H∗ ≥ cd4, HN −H∗ ≤ Jd2/2, d ≤ Rp, J = max(a, 25N).

They are geometric energy bounds, not statements restricted to zero Gauss. Combining Vn with
other errors Vo = Vg + Vc,o gives V = Vg + Vc with centered Hessian bound βo + 20DN . Define

W (x) = V (x)− V (O∗), F = HN −H∗ +W.

Thus F = (Hn + Vo)− (Hn + Vo)(O∗) is the total actual orbit-relative energy. An additive energy
offset cancels. It is not merely the nominal energy HN −H∗ when norm or coefficient errors are
present.

Integrating the gradient and centered Hessian along a shortest orbit geodesic yields

|W (x)| ≤ νd+ βd2/2.

The preparation theorem [3] supplies d2 ≤ P ≤ P̂ globally whenever its first transported coherence
is nonzero. The geometry gate therefore places the initial state within η/2. It uses no unproved
local-chart membership assumption.

Static part of Theorem 1. On d = η,

F ≥ B − νη − βη2/2 ≥ B − η(ν + βη) ≥ 7B/8.

Initially F ≤ F̂0 ≤ B/2. Conservation of the actual Hamiltonian conserves F for any ambient Gauss
level and for the actual symplectic norm weights. Continuity forbids first exit from the tube in either
time direction. Compact trapping and smoothness give complete flow. Moreover, inside the tube,

HN (x(t))−H∗ ≤ F̂0 + νη + βη2/2 ≤ 5B/8.

No minimizer on a particular nonzero momentum level, attraction or constraint repair is inferred.

For differentiable Vt with uniform amplitude bounds, subtract Vt(O∗) and put Ft = HN −H∗ + Vt −
Vt(O∗). If ρ(t) bounds ∥∇∂tVt∥ on the tube, then, before exit,

Ḟt = ∂t(Vt − Vt(O∗)), |Ḟt| ≤ ηρ(t).

Hence
∫ T

0 ρ ≤ cη3/8 gives Ft ≤ B/2 +B/8 = 5B/8 < 7B/8, while the boundary lower bound still
holds. Also HN −H∗ ≤ 3B/4. This proves the time-dependent assertion through T ; a finite total
integral gives all-forward-time trapping. Norm errors in Lemma 2 are constant, so they add no
time-variation term.
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3 Gauss levels: quantitative bounds and a strict obstruction

With the frozen Hermitian left-cotangent convention the ambient moment map is

Gi =
∑

head=i

Ee −
∑

tail=i

U †
eEeUe − nqqiq

†
i + nwwiw

†
i , g =

(∑
i

∥Gi∥2F

)1/2

.

Gauge invariance implies Ġi = 0 in temporal gauge. With multipliers Λi, Ġi = i[Λi, Gi], so g and
the summed trace remain constant. These identities also hold for time-dependent gauge-invariant
Hamiltonians. They do not require G = 0.

Theorem 3 (Trace compatibility and residual envelope). Every ambient state obeys

∑
i

trGi = nw − nq, g ≥ |nw − nq|√
15r

.

Therefore unequal total norms cannot satisfy the closed-carrier zero-source Gauss law. Equality of
norms alone is not sufficient for all matrix constraints. With mv = (

∑
i v

4
i )1/2 ≤ 1 and d = dg(x,O∗),

g ≤ |nw − nq|mv +
√

8 + 4n2
q + 4n2

w d.

In particular g ≤ DN +
√

8 + 4n2
q + 4n2

w

√
P̂ whenever a preparation upper score is valid.

Proof. Taking traces cancels each link contribution, giving the first identity; Cauchy–Schwarz against
fifteen identity matrices gives the lower bound. At a closest orbit point, after gauge/phase alignment,
G∗

i = (nw − nq)v2
i P0, so its combined Frobenius norm is |nw − nq|mv.

For arbitrary unitary links the electric divergence has squared norm at most 8
∑

e ∥Ee∥2F: apply
Cauchy–Schwarz at each node of degree at most four, then count each edge twice. The block Gram
map satisfies (∑

i

∥qiq
†
i − q

∗
i q

∗†
i ∥

2
F

)1/2

≤ 2∥q − q∗∥,

because every block norm is at most one and aa† − bb† = (a− b)a† + b(a− b)†. The same holds for
w. Let E0 be the combined electric norm and Q,W the two matter chord distances. Then

g ≤ |nw − nq|mv +
√

8E0 + 2nqQ+ 2nwW, E2
0 +Q2 +W 2 ≤ d2.

Cauchy–Schwarz gives the asserted envelope. It is valid regardless of rank or link displacement.

The upper envelope is a consistency consequence of preparation, not a converse certificate: the
diamond electric circulations of [3] can have zero Gauss and arbitrarily large orbit distance. Nonzero
G remains a violation of the zero-source constrained action, even when its ambient trajectory is
trapped. A physical source or a separate admissibility model would be needed to interpret such a
level.
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4 A square-root correction obstruction in the residual cone

The frozen local residual model [4] has s = r − 1 ≥ 1 unused colors and moment map

JS = C+C
†
+ − C−C

†
− +

∑
ℓ

[Zℓ, Z
†
ℓ ].

Here C± are s× 28 oscillator amplitude matrices and the Zℓ are unused vacuum oscillator matrices.
Their Euclidean Frobenius coordinate norm is a cone norm, distinct from the original product metric.
Taking the trace forces ∥C+∥F = ∥C−∥F on C = J−1

S (0).

Theorem 4 (No linear correction bound in the frozen cone). Let X have Frobenius norm one and a
single nonzero color/oscillator entry. At the cone point zt = (C+ = tX,C− = 0, Zℓ = 0), t > 0,

∥JS(zt)∥F = t2, distcone(zt, C) = t/
√

2.

Thus no constant L bounds correction distance by L∥JS∥F uniformly near the cone origin.

Proof. Since XX† is a rank-one projector, the residual norm is t2. At any neutral cone point let
a = ∥C+∥F = ∥C−∥F. Its squared distance from zt is at least

(t− a)2 + a2 ≥ t2/2.

Vacuum coordinates only add nonnegative distance and cannot remove trace imbalance. The lower
bound is attained by C+ = C− = tX/2 and Z = 0, which has exactly zero matrix moment. Hence
the distance is t/

√
2. The ratio to the residual is 1/(

√
2t), unbounded as t ↓ 0.

This is an exact result for the declared residual cone. The frozen local normal-form identification
[4] remains conditional support; no explicit norm-comparison radius or constants for a nonlinear
full-state correction map are supplied here. The cone calculation therefore does not itself certify a
quantitative projection algorithm in the original coordinates.

This obstruction explains why the present admission theorem uses ambient energy confinement
instead of adding an unjustified linear Gauss-projection error to its distance score. It also distinguishes
three separate claims: conservation of a measured residual, a small initial distance to a reference
orbit, and actual membership in the zero-source Gauss constraint. None is interchangeable with the
others.

Scope separation. The unused-color residual cone and its correction distance concern the tetra-
hedral gauge Hamiltonian. They are not the 747-dimensional observer kernel or temporal-sketch
blind directions of the independent 600-cell record workstream. No statement here changes that
workstream’s phase-estimator validation.
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5 Exact input contract and a strict extension witness

The geometry gate can use the 27 invariant scalar inputs of [3], evaluated after separately normalizing
by the actual positive norms. Adding the two norm readings and one total orbit-relative energy
reading yields a sufficient 30-scalar contract, assuming certified coverage. It is not a minimal-channel
claim; obtaining those scalars may require many physical measurements. Optional Gauss metrology
checks constraint consistency but is not needed for the ambient trapping proof.

For norm intervals 0 < qL ≤ nq ≤ qU , 0 < wL ≤ nw ≤ wU , use

DU = max(|qL −N |, |qU −N |) + max(|wL −N |, |wU −N |).

The exact calculator replaces DN by DU in the shared error budget. It accepts rational upper bounds
on the preparation score and actual relative energy, plus ν, βo and cumulative variation. It checks
each gate separately. It cannot establish interval realizability or coverage, norm calibration, the
Hamiltonian realization or an energy reference from arithmetic alone. A rejected gate is inconclusive
about stability.

At a = N = 1, η = 1/829538022, the inherited constants give

Sufficient input quantity Model-unit bound

Geometry score ceiling η2/4 3.63301688× 10−19

Actual relative energy ceiling B/2 6.59940581× 10−40

Norm-error sum, if no other errors DN ≤ η2/256000 ≃ 5.67658887× 10−24

Previous distance-only score ceiling δ2 5.27952465× 10−41

The geometric ceiling is about 6.88× 1021 times the old score ceiling, conditional on the added energy
gate. This is not a basin-volume gain or an overall precision improvement: the energy measurement
still needs a tiny guaranteed upper error. These are sufficient mathematical bounds, not necessary
laboratory tolerances.

Exact strict-extension witness. At rank one, equal unit norms and zero other errors, keep the
configuration on the reference orbit. Let ze ∈ {0,±1} be one diamond circulation, with zero node
divergence and

∑
z2

e = 4. Set
Ee = λze, λ = η2/160.

It is zero Gauss, with d2 = P = 4λ2, and the actual relative energy is F0 = 2λ2 = B/8. Since J = 25
and δ2 = η4/40000,

d2 = 25
4 δ

2, d = 5
2δ, P ≤ η2/4.

The new two-gate certificate accepts this exact preparation, while it lies outside the previous sufficient
distance-only ball. This does not show failure of trapping outside that older ball, which was always
a sufficient guarantee rather than a sharp boundary.
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6 Verification, provenance and next experiment requirements

The constructor replay supplies 49 exact algebra/topology and rational-arithmetic checks: curvature
and energy allocations, cone distance identities, eight budget examples, four invalid-input controls,
degree/trace cancellation and rational matrix Gauss fixtures at ranks 1, 2, 5. The strict electric
witness is exact. Finite checks support, rather than exhaustively prove, the analytic geodesic and
Noether arguments.

Separate floating diagnostics supply 32 random Hessian fixtures, four centering controls and four
Gauss-envelope/covariance controls at ranks 1, 2, 3, 5, using actual block matrices and sphere tangents.
These are neither interval proofs, empirical data, independent review nor long-time integration tests.

Unchanged parity/score calculators and frozen GPC/ERT certificates are hash-bound in the package.
The quartic tube, reference orbit and RGC oscillator representation remain conditional dependencies.
Citation improves no confidence status. The attached ledger and governance remain unchanged.

A future experiment or emulator still requires:

1. A source-selected finite action, carrier and representation; calibrated positive norms, normalized
observables and actual reference energy.

2. Guaranteed joint-coverage norm, invariant-score and energy enclosures. All norm and coefficient
errors share one budget.

3. A declared constraint target. Unequal norms preclude closed-carrier zero-source Gauss; an
ambient confinement result does not repair that constraint.

4. Cumulative gradient-variation control over the requested duration. Non-Hamiltonian leakage,
external sources and integration defects need separate work/residual bounds.

5. Non-constructor review and physical state/energy/time/detector mapping before a physical
identification or experimental-readiness claim.

No experimental dataset is analyzed. Next is a typed external-source or defect-work contract, then a
targeted data-availability search after selecting a measurable realization. No force unification, proton
decay, monopole evidence or empirical GUT result follows here.
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