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Abstract

We extend the finite tetrahedral endpoint admission theorem to continuous controlled trajecto-
ries with varying positive matter norms and a tangent implementation defect. A lower bound on
the matter hopping energy makes norm loss nonpositive in the moving-reference energy balance;
only positive norm variation spends the base norm-work allowance. Other parameter changes
and defect work share an explicit cumulative budget. Signed defect work must be bounded at
every prefix, rather than only at the final time. We derive the exact matrix Gauss-source law
and a drift envelope, translate additive raw matter forcing into norm and normalized tangent
defects, and give a constant-rate horizon inequality. These are mathematical input contracts;
they do not construct a physical source sector, repair the zero-source constraints or certify an
unspecified numerical algorithm.

Fix the frozen finite-rank endpoint and 0 < n < R,,. Put ¢ = N/1600, B = cn*, J = max(a,25N).
Let L, bound total norm variation, L, positive norm variation, Dy the initial norm-error sum and
T the other parameter-gradient variation integral. Definitions appear below.

Theorem 1 (Cumulative work admission). Assume a positive uniform norm floor, a continuous
manifold-valued trajectory, the frozen tube bounds, and the uniform amplitude contract

B=Bo+20(Dyg+Ly), v+nB<ecn®/s.

Let Wy > 0 bound every prefix of signed tangent-defect work before possible exit. If the initial
geometry/actual-energy gates and work gate hold,

Po<n’/4, Fy<B/2, nT+100°L} +Wy < B/4,

then dgy(x(t), Ox) < n throughout the declared horizon. One may take the sufficient defect-work bound

Wy = [(J+B8n+v] Ly, Ly z/HYtHgdt.

The result is ambient Hamiltonian confinement with controlled non-Hamiltonian terms. Ezact
zero-source Gauss admissibility requires the separate source conditions of Section 3.

Status. Development, no registry entry; constructor verification; independent review pending;
physical promotion 0. Nominal action, reference coefficients and ledger unchanged.
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1 Moving norms, normalized state and a ground-energy bound

The tetrahedral carrier has 15 nodes, 28 Hasse links and 18 diamonds. Write Dy|i, j] = b.U.
for e = (i « j), be = +1, hy = i(D}, — Dy), and Wy = (UinUn)'Us;Usx. At & = rNk, the
parameterized Hamiltonian is

H, = gz:trEe2 + mZ(l —Retr Wy/r) +ngf(U,q) + nw f (U, w) + p(ng + nw),
e d

where f(U,z) = z'hyz, |lq|| = |w| = 1, and ¥ = /fgq, X = /Aww. The normalized matter
symplectic forms retain their opposite signs and actual norm weights. The frozen reference orbit
has U} = diag(—ibe,I), E* = 0, ¢f = w] = vjeq, with Tv = pv, T unsigned adjacency and

p=1/8+ 2v/10.

Let V,(t,z,n) be other gauge/species-phase invariant errors, uniformly split into generic gradient
bound v and orbit-centered Hessian bound f,. Define the actual moving-reference energy

F(t,z,n) = Hy(x) + Vo(t,x,n) — [Hp + Vo] (t, O, n).

Thus the mass offset cancels. Write d = dy(x, O,) in the frozen unnormalized Frobenius/unit-sphere
metric. Consider

= Xgl73+vo(w) + Yi(x,n), ng =Lq(t,z,n), Ny =Lyt z,n).

Here Y = (iA.Ue, Fe, p, z) is tangent: A., F, are Hermitian and Re(q, p) = Re{w, z) = 0. Assume
sufficient continuity /local Lipschitz regularity for unique solutions, and uniform positive norm floors.
Global species-phase terms are immaterial to the energy and Gauss estimates.

Lemma 2 (Ground shift and its local size). For every unit normalized matter vector, f(U,z)+p > 0.
Ond<n,
0< f(U.q)+p<10d  0< f(Uw)+p < 10d%.

Proof. Let u; = [|z]|. The link quadratic form satisfies f(U,z) > =23 ._; ;y wiu; = —ul'Tu > —p,
by the Rayleigh bound and ||u|| = 1. At the reference orbit each f = —p and its gradient is zero.
The degree-four geodesic estimate | f”| < 4(b + 2c,)? < 20(b? + ¢2) from [1] gives the upper bound by

twice integrating along a shortest orbit geodesic. O

Let Ls > [ ||, LT > [max({s,0), Ly = Lg + Ly and L} = LF + L. Then the norm-error sum is
at most Dy + L,,. For initial intervals [sy,, sy], it suffices that s;, — Ly > 0; the entire norm box is
[SL — Lg, sy + Ls]
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2 Work balance, trapping proof and the prefix requirement

All bounds below are uniform over the full tube and admitted norm box, before possible first exit.
Suppose
V2O Vol < po(t),  VaOn Vol < ks(t),  [ls] < As(?).

Use the nonnegative parameter-variation integral

T
T2 [ 1po®) + ka®A(0) + k(N0 dt.

These are derivatives of the actual potential family, not derivatives of previously reported bound
envelopes. The extra ks terms are necessary when other errors depend on the leaking norms; they
vanish for norm-independent errors.

Along the trajectory the Hamiltonian part contributes zero to F. The exact remaining balance is

F = 8t<v;) - VO|O*) + ng{f(Ua zs) +p+ ans(‘/;) - VO|O*)} + dﬂﬁF[Y]

No derivative of the time-varying symplectic weights is added: this follows from the chain rule and
de(Hp + VO)[Xgn) +v,] = 0 at each fixed n. Lemma 2 bounds the base norm contribution above by
10m? 3", max(4s,0). Negative norm flux cannot increase that part of F.

Require, for every 0 <t < T before exit,
¢
/ d,F[Y],dr < Wy.
0

An upper bound on its positive-part integral suffices. Since the frozen ||[VHy| < Jd and error
gradient is at most v + fd, the speed bound in Theorem 1 is sufficient as well.

Proof of Theorem 1. The initial score gives d(0) < n/2. Integrating the balance at any prefix gives
F(t) < Fy+nT +10n’L} + Wy < 3B/A.
On d = 7, the inherited quartic lower bound and error amplitude contract give
F>B—uvn—pn*/2>7B/8.

Continuity forbids first exit. The positive norm floor and bounded variables permit continuation over
the stated horizon under the regularity assumptions. Finite total bounds uniform over all forward
times give all-forward-time confinement. No claim of attraction or constraint projection follows. [J

Why terminal net work is insufficient. In the abstract canonical oscillator H = (¢ + p?)/2,
choose Y = (—p,q + f), where f =1 on [0,1] and f = —1 on [1,2]. From zero initial data, ¢ = 0,
p =t then p =2 — ¢t. Terminal signed work is zero, but prefix work reaches 1/2 and the trajectory
leaves every radius below one. This exact piecewise-smooth control is not a UD trajectory; it
disproves replacing a prefix work bound by terminal cancellation, even in a class with a local quartic
energy lower bound.
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3 Exact (Gauss-source balance and a drift envelope

All node-matrix norms are combined Frobenius norms. Use the frozen Hermitian moment map

G; = Z E. — Z UlE.U, - nqqz'qzT + nwlinzT-

head=1i tail=i
For tangent Y = (iA.Ue, Fe, p, z) its state derivative is
(de[Y])i = Z Fe — Z Ug{Fe+i[Ee>Ae]}Ue

head=1i tail=i

— ng(pig) + @ip}) + nuw(ziw] + wiz)).

Theorem 3 (Source compatibility). Define

Si = (dzG[Y])i — quiqj + ywiw]

i

In temporal gauge G; = S;. With multipliers A; the law is G; = i[A;, Gi] + Si, and

ZtrSizﬁw—fq, ZtrGi:nw—nq.

An externally declared charge Q; satisfies G; = Q; throughout a trajectory if it satisfies the same
covariant source equation and agrees initially. Zero-source admissibility requires G;(0) = 0 and
S; = 0 almost everywhere. Equal total norm flux is necessary but not sufficient.

Proof. At fixed n, gauge invariance makes the Hamiltonian contribution to G zero in temporal
gauge. Differentiate the displayed moment map, using 6U = iAU and 6(UTEU) = Ut (F +i[E, A))U.
Tangency of p, z and cyclicity of trace cancel all state-derivative terms in the summed trace. The
difference G — @ obeys a homogeneous unitary-conjugation equation when their sources agree, so
zero initial difference remains zero. The converse for zero target follows directly from the exact
equation. ]

Let ng < ng 4, ny < Ny 4. Throughout the admitted tube, || E|| < n. Then
GV < KelYllg, K& =160 +8+4dng , +4n, .

Indeed electric divergence contributes v/8||F||; the tail commutator contributes at most 4n|/A||
by degree four and ||[E, A]||r < 2||E||r||A|lr. The matter derivatives contribute 2ng||p|| + 2n.,| 2|
Cauchy—Schwarz proves the bound. Since each normalized block-Gram vector has norm at most one,

t
GO < [IG(O)]] +/0 1Sl dr < |G(O)[| + KaLy + Ln.

Unitary-conjugation interaction frames give the same envelope with multipliers. A small drift bound
does not prove S = 0, supply charge dynamics, or repair the zero-source constrained action. This is
a compatibility contract, not a constructed physical source sector.
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4 From additive matter forcing to the normalized contract

Suppose a known norm-preserving base evolution for the raw matter vector ¢» = y/n ¢ is supplemented
by additive forcing fy. Its exact norm and normalized tangent contributions are

Jy L

p= vn o

Taking Re(q, p) gives zero. This is real orthogonal projection of fy/y/n onto the sphere tangent, so

fwl
< I < 24/n .
Ipll < N 1] < 2vn | fyll
The same formulas apply to the conjugated second species, with its own forcing. Any additional phase
motion from a norm-dependent Hamiltonian belongs to the norm-preserving base and contributes

no extra relative-energy or Gauss work.

€ =2Re(t), fy),

If Ag > fOT || fslldt and the initial norm is exactly n4(0), then

\/ns(t) € [\/ ns(o) - As; \/ns(o) + As]

Thus A < v/ns(0) certifies a positive floor, and sufficient allocations are

T T A
Coldt < 2(y/ns(0) + Ag)As, / slldt < ————.
| 1l < 20/n.0) + A [l < i

These are upper bounds derived from the raw-force envelope. Inserting them into Theorem 1 is
conservative; directly measured norm variation or relative-energy work can be sharper. Norm loss
alone has LT = 0, but its absolute variation still enlarges the amplitude envelope and can change
Gauss charge.

An exact radial-loss control. Let fy, = (74/2)¢ and fy = (74/2)x with real v4(t). Then {5 = vsn,
and the normalized tangent defects vanish. Start on the frozen normalized orbit, £ = 0. Its matter
currents remain at their stationary values and the normalized state stays on that orbit with allowed
phase motion. Hence F' = 0 for the base Hamiltonian at all times, while

Gi = (’I’Lw — nq)’UiQPo, Sz = (fw — Eq)vlgpo.

Equal initial norms and matched radial flux keep zero Gauss. One-species loss produces a nonzero
Gauss source despite zero normalized distance and zero relative energy. This is an explicitly declared
external-force control, not a source law selected by UD. The trapping theorem applies when its
separate norm-floor and amplitude budgets hold.

For a numerical scheme, the theorem requires a continuous manifold-valued reconstruction with
certified tangent residual and prefix work, including roundoff. Discrete endpoint energy cancellation
alone is insufficient. A jump may cross the tube without a controlled continuous bridge; nonunitary
links, off-sphere coordinates or stochastic paths of unbounded variation need additional theorems.
No general integrator or white-noise guarantee is supplied.
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5 Constant-rate horizon inequality and exact calculator

Suppose initial norm intervals are positive and rates give
Mq‘ < Tq, ’gw‘ < Ty, max(gqa 0) + max(&ua 0) <ry, ”YH <y, po+ kq)\q + kwip <1y

Put ry, = ¢+ 1w, Bo = Bo+20Dy. A sufficient duration T obeys the positive floors ng 1,(0) —rsT" > 0
and
v+ B0 + 20nr,T < e’ /8,

200ryT? + {nry + 10iPr + [(J + Bo)n + Iy} T < B/4.]

The quadratic term arises because norm drift enlarges the curvature bound used for defect work.
This is a sufficient horizon inequality; rates alone do not give an all-time result when these cumulative
budgets grow without bound. Physical time still requires a calibrated mapping from the model
evolution parameter.

The standard-library calculator accepts exact rational norm intervals, absolute/positive norm
variation, other parameter-gradient variation, defect path length, initial geometry/energy bounds,
and error amplitudes. It uses the speed-derived work bound unless a certified sharper every-prefiz
signed-work upper bound is provided. It likewise permits a sharper certified source-integral bound.
Optional initial Gauss metrology gives a total drift envelope; it is not assumed zero by default. All
inputs need guaranteed joint coverage; arithmetic does not establish realizability or metrology.

At a =N =1, n=1/829538022 and zero initial norm/coefficient errors, the illustrative single-input
caps are

Sufficient quantity Model-unit cap

Shared cumulative work allowance B/4 ~ 3.29970290 x 10~4°

Absolute norm variation, amplitude cap 12/256000 ~ 5.67658887 x 1024
Defect path length, speed bound only B/(4Jn) ~ 1.09489161 x 10732
Other gradient variation, alone e’ /4

At the norm-only amplitude cap, even pure norm gain contributes at most B/16 work. Pure loss
contributes zero base norm work, yet spends the amplitude allowance. The speed-only path cap
is particularly conservative because it uses a full-tube energy-gradient bound; a certified direct
prefix-work bound can be much better. Individual caps cannot be spent independently in a mixed
case. No necessary laboratory precision, feasible actuator specification or physical source strength is
inferred.

The package supplies twelve budget examples, including pure loss, mixed inputs, a sharper prefix-work
input and rejected work/amplitude/floor cases. Failure of a sufficient gate does not demonstrate
instability.
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6 Verification scope and requirements before experimentation

The constructor replay supplies 43 exact finite/rational checks: energy allocations, gain/loss dis-
tinctions, commutator algebra, tangent decomposition, twelve budget controls, invalid inputs,
terminal-work cancellation and the rate-horizon identity. The full analytic proof remains in this
manuscript; finite checks are not exhaustive proofs or independent review.

Floating diagnostics at ranks 1,2, 3,5 supply four matrix source/trace and raw-force controls and
eight centered ground-shift controls. The general derivative test uses electric norm 0.1 solely for that
inequality; those random states are not endpoint-tube preparations. No trajectory, interval proof or
empirical claim follows.

Unchanged ERA/PET/GPC calculators and the ERA certificate are hash-bound. Their conditional
action, orbit and tube estimates retain their scope. Governance and ledger are unchanged; no
physical promotion or registry ruling occurs.

The experiment-facing obligations are:

1. Select a realizable action/carrier; calibrate state, energy and model-time units; identify the
constraint target and any actual external charge carriers.

2. Establish joint-coverage initial geometry, actual-energy and norm intervals, positive norm
floors and a duration.

3. Bound absolute/positive norm variation, other parameter-gradient variation and every-prefix
defect work. A speed-derived work bound needs a certified manifold-valued residual path.

4. Derive or measure the matrix source when claiming G = ). Exact zero-source admissibility
needs pointwise source cancellation; small work or drift is insufficient.

5. Complete non-constructor review and a physical bridge. Then audit published datasets for
these observables and coverage information.

No experimental data are reanalyzed. Next is a source-selected realization or an actual reconstructed-
trajectory certificate, followed by the data audit. No coupling unification, proton decay or monopole
result follows from this finite model theorem.
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