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1 INTRODUCTION 1

Abstract

The first three Aether Metric Coordinates (AMC) papers established a progression from
neutron-induced Aether deformation, through a pair-preserving many-body coherence continua-
tion, to a microscopic phase-response and reciprocal conductance—magnetic-flux boundary law.
The present paper begins the laboratory extension of that construction. Its central distinction is
between an invariant Quantum Measurement Unit (QMU) reference and the collective realization
of that unit by compound matter. The invariant Aether structure is not treated as a rigid Eu-
clidean container: its defining constraints include invariant surface area, quantum frequency, and
limiting mass, propagation, temperature, resonance, curl, and related QMU structures. Particles
inherit those constraints while nuclei, atoms, materials, and resonators acquire additional proper-
ties through orientation, chirality, holonomy, coherence, and resonance relationships among many
constituents. We therefore seek laboratory control of the normalized boundary state without
varying the invariant QMU units themselves. The AMC boundary relations C4/cond = D
and mflx , /mflx = D~! provide the starting point. A chiral tapered resonator, particularly the
previously proposed trumpet coil, is then reconsidered as a continuous traversal through collective
boundary states rather than as a fixed-radius solenoid approximation. The resulting program
separates coupling strength from preferred holonomy phase, identifies the apparatus—Aether
pullback as the remaining source-side constitutive law, derives coefficient-canceling differential
readouts of the reciprocal boundary state for a fixed apparatus, and develops a coefficient-free
minimal pullback candidate from the intrinsic Frenet-frame rotation density \/k2 + 72. Material
orientation and fractional resonance are then separated from that intrinsic geometry at leading
order: they select which local links are active, while the winding path fixes the deformation
presented by each active link. This yields a baseline-preserving selection law and an explicit test
for material backreaction. The three material gates are then made operational through active-
orientation availability, independently measured resonance registration, and discrete holonomy
closure, yielding a crossed isotope—trumpet test matrix. An audit of existing QADI material
datasets finds that no single present system independently closes all three predicates for the
same trumpet operating state; photoexcited chiral tellurium provides the strongest existing
orientation—resonance support and therefore defines a concrete partial-gate calibration. The
resulting framework permits an arbitrary source geometry to be tested against an independently
measured AMC boundary response without redefining the invariant QMU units.

Keywords: Aether Metric Coordinates; Aether Physics Model; Quantum Measurement Units;
QMU; collective boundary realization; curl; rmfd; rson; orientation coherence; holonomy; chirality;
trumpet coil; laboratory test

1 Introduction

The Aether Metric Coordinates program has so far developed in three linked stages. Paper I
established neutron-induced length-density strain and photon-path curvature in compact objects
and exposed the finite domain of a single-Aether-unit deformation description Thomson III [2026a].
Paper II replaced that ceiling with a parameter-free, pair-preserving many-body continuation
described by the positive Fejér coherence family D(M,q) Thomson III [2026b]. Paper III then
supplied the microscopic phase-response mechanism and identified conductance and magnetic flux
as reciprocal matter—space boundary variables, with

Ca miflx 4 _ 1
=5 (1)

It further represented nearest-neighbor phase coherence by a maximum-entropy law and showed
that fixed-branch saturation is an infinitely stiff phase-response limit regularized by recruitment of
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another intact two-seat Aether cell Thomson IIT [2026¢].

The natural next question is laboratory constitutive control. The objective is not initially propulsion
or a macroscopic force claim. It is narrower: determine whether an externally prepared orientation,
magnetic, resonant, or chiral geometry can produce a calculable change in the local collective
boundary state represented by Eq. (1), and whether that change can be measured independently.

This question requires a distinction that becomes increasingly important as QMU is applied beyond
isolated quantum structures. A QMU unit has an invariant meaning relative to the Aether, while
compound matter can realize a fractional, collective, or otherwise structured state relative to that
invariant reference. Macroscopic variability must therefore not be interpreted automatically as
variability of the underlying quantum unit. Conversely, quantum invariance must not be interpreted
as macroscopic rigidity.

The present paper canonizes that distinction and applies it to laboratory orientation and resonator
geometry. The previously proposed trumpet-geometry Tesla resonator Thomson IIT [2026k] and the
subsequent logarithmic phase-accumulation construction Thomson IIT [2026]] provide a particularly
useful test geometry because radius, winding orientation, chirality, torsion, and accumulated phase
can vary continuously along a single resonator. The trumpet is therefore treated here not as a
special solenoid formula but as one member of a more general class of winding paths I" whose
holonomy may control the collective AMC boundary state. The derivation also draws on the
independently developed Aether-unit chronogeometry, which identifies D geometrically as an Aether-
arc deformation ratio and establishes the exact cycle-level closure between arc length, curl, Ligamen
length, and rmfd Thomson III [2026d]. This provides the source-independent geometric meaning
needed to test whether the AMC boundary coordinate can be realized outside the neutron-star
loading mechanism.

2 Invariant QMU References and Emergent Realization

2.1 Absolute reference and collective state

Quantum Measurement Units define invariant reference structures of the Aether rather than requiring
compound matter to reproduce every QMU quantity at its unit value. At the Aether scale, quantities
such as quantum frequency, invariant surface area, rson, curl, rmfd, velc, temp, and the allowed mass
structure have definite geometric meanings. They establish reference geometry, limiting structure,
or complete quantum realization of their respective dimensions.

Subatomic particles inherit the Aether geometry but occupy it through particle-specific mass,
magnetic charge, fine structure, orientation, and holonomy. Compound systems introduce a further
level of organization. Nuclei, atoms, materials, and laboratory apparatus are collective structures
whose observable quantities arise from relationships among many invariant quantum constituents.
A macroscopic realization of a QMU quantity therefore need not equal one complete QMU unit.

For a QMU quantity X, define the realization coordinate

X4

The denominator is the invariant QMU reference. The numerator is the physical collective state
expressed in that unit. Equation (2) is a bookkeeping form, not a universal constitutive law: the
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physical meaning and admissible domain of {x must be derived separately for each QMU quantity.

The AMC boundary already supplies two nontrivial examples:

curly mflx 4

gcurl = curl = L, gmﬂx =

DL, (3)

mflx

Thus the invariant QMU units are retained while the local collective boundary is variational.

2.2 The Aether boundary is not a rigid wall

The Aether boundary should not be pictured as a fixed floor, ceiling, and set of Euclidean walls. Its
constraints are distributed among several kinds of invariance and limiting structure. In particular,
the physical surface measure is

Ax =22, (4)

while the quantum frequency F, belongs to the overall Aether chronogeometry. Deformation may
redistribute geometry while preserving the applicable invariant surface structure. Other QMU
quantities define maxima, propagation limits, reciprocal structures, or complete quantum realizations
rather than fixed macroscopic dimensions.

This distinction is evident in propagation. Photons transported through Aether units must obey
the QMU propagation limit velc, whereas gross matter may move at a much smaller fraction of that
limit. Likewise, the invariant quantum resonance reference

rson = F,? (5)

need not imply that a compound resonator operates at one complete rson. We therefore introduce,
without yet assigning a universal constitutive law,

rson 4

(6)

Pr = )
rson

where p, describes a collective resonance realization relative to the invariant quantum reference.

Two methodological rules follow:

‘macroscopic variability does not imply quantum variability, ‘ (7)

‘ quantum invariance does not imply macroscopic rigidity. ‘ (8)

These rules will be applied throughout the laboratory derivation.

3 Emergence Through Compatibility

QMU invariants constrain emergent structure; they do not exhaust it. Atomic and nuclear structures
are not merely numerical sums of their constituent units. Their observable states arise from
relationships among mass, magnetic charge, fine structure, orientation, chirality, holonomy, photon
compatibility, and collective resonance.
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A useful hierarchy is

Aether invariants — particle realizations — nuclear compatibility

9)

— atomic compatibility — material organization — apparatus response.

At each level the lower-level invariants remain in force while additional relational constraints appear.
Apparent rigidity can therefore emerge through the intersection of many compatibility conditions
rather than through a rigid underlying Aether cell.

Schematically, let P denote the admissible geometry at each structural level. Then

PA ) 7)paurticle ) Pnuclear ) Patomic ) ,Pmaterial‘ (10)

The narrowing in Eq. (10) is not a reduction of the Aether invariants. It is the emergence of
additional compatibility requirements among structures built from them.

This is especially relevant to resonance. A freely deformable local geometry may admit a broad
set of resonant configurations, while a compound nuclear or material structure admits only those
configurations compatible with many simultaneously organized proton, neutron, and electron
structures. Stable and unstable resonances can therefore be understood as different outcomes of
the competition between resonance freedom and collective magnetic, orientational, and holonomic
rigidity.

4 AMC Boundary and Local Phase Coherence

Paper III gives the local phase-response distribution

explrg cos(Ag)

A = 11
p(AG | g) = FETEEES (1)
with nearest-neighbor coherence
Ii(kg)
q = (cos A¢) = . 12
(eos ) = T8 (12
The many-body continuation then propagates the local coherence through
Cij = qli—jl (13)
for a homogeneous branch, with the deformation supplied by D(M,q) Thomson IIT [2026b,c].
For a nonuniform material or apparatus, the local-link form is more fundamental:
qr = (cos Adg), sk = —Ing, (14)
j—1 j—1
Cij=[Tar=exp|=> skl (15)
k=i k=i

This local-transfer form is particularly suited to a tapered or otherwise nonuniform resonator.

Laboratory orientation must therefore be treated as relevant only insofar as it changes the local
phase-response distribution. Mere geometric alignment of macroscopic axes is not by itself sufficient.
The experimental problem is to determine how material orientation, winding holonomy, chirality,
and resonant structure determine the local pair (x4, A¢) and hence g.
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5 Generalized Chiral Holonomy State

A fixed-axis alignment model is insufficient for arbitrary coils. The apparatus geometry can change
both the strength with which neighboring structures are driven toward coherence and the preferred
relative phase selected by the winding path. We therefore separate these roles.

Let kg(z) denote the local phase-ordering strength and let ¢o(z) denote the preferred phase relation
imposed by the local holonomy. The natural shifted distribution is

_exp{rg(z) cos[Ad — ¢o(2)]}

Ad | z) = . 16
P(AG] 2) o) (16)
The corresponding coherence relative to the preferred holonomy is
Lrg(2)]
z) = (cos|A¢ — ¢po(2)]) = ———F=. 17
qhol( ) < [ ¢ ¢0( )]> IO[Hqg(Z)] ( )

Equation (16) preserves the Paper-III coherence law while allowing a chiral apparatus to select a
nonzero preferred phase.

This separation is essential. Coupling strength and geometry are not the same quantity:

interaction strength — kg, holonomy /chirality — ¢o. (18)

A solenoid, toroid, trumpet, flat spiral, or more complex resonator may therefore be treated within
the same local phase framework without assuming that any one geometry is fundamental.

6 Trumpet Geometry as Boundary Traversal

6.1 Previous first-order phase law

The earlier trumpet-coil analysis introduced an exponentially tapered helical conductor

r(z) = roe (19)
and a first-order geometric phase law
dp =adln=. (20)
Under its first-order scaling assumptions, this produced
r
o =2aln(") (21)

with a predicted slope d¢/dIn(ry /ry,) = 2a Thomson IIT [2026j]. The earlier work explicitly
presented the construction as first order and identified helical pitch, torsion, inter-turn coupling,
and distributed effects as higher-order corrections Thomson IIT [2026j]. The coefficient « is not
an apparatus fit parameter in the present program. It is fixed independently by the QMU charge
relation €?/eemax? = 8ma before any trumpet-coil data are considered. A measured phase slope
therefore tests the independently specified value rather than determining it.

The present AMC development permits a more fundamental interpretation. Radius is an apparatus
coordinate; it is not itself an invariant QMU unit or the AMC boundary state. The relevant question
is therefore not whether curlor rmfdchanges intrinsically with radius, but how a winding path
changes their collective realization ratios.
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6.2 Boundary realization ratio

Using the AMC normalized boundary relations, define the relative collective balance

— mflx 4 /mflx
Sy = . 22
A curly /curl (22)
With Eq. (3),
24=D"2 (23)
If the logarithmic phase law of Eq. (20) is applied to this AMC boundary ratio, then
d¢geom = adIn(D™?) = —2adIn D, (24)
so that between two boundary states
D
A¢geom = 2« ln<2> . (25)
D,

Equation (25) is a candidate bridge between the AMC boundary and the earlier trumpet phase
construction. It does not identify radius with D. Instead, it states that geometric phase follows
traversal through the collective boundary state if the logarithmic phase law survives the AMC
reinterpretation.

Within a fixed collective branch,

_ D(M, g3)
Agoom = —2a IH[M] . (26)

This connects the proposed laboratory geometry directly to the collective coherence construction of
Papers II and III.

6.3 The generalized trumpet condition

The original exponential radius profile was attractive because dInr/dz is constant. Equation (24)
shows that uniform AMC geometric phase-slip density instead requires

diz In D = constant. (27)

Thus the more fundamental exponential condition is

D(z) = Dge %. (28)

Then "
Zreeom 9 . 29
o oy (29)

An exponential radius profile is recovered as the preferred physical shape only if the still-to-be-
derived geometry functional D[I'] maps that profile into Eq. (28). The trumpet geometry is therefore
promoted from an assumed radius law to a test of whether a continuously tapered chiral winding
can realize an exponential AMC boundary trajectory.
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7 Resonance, Rigidity, and Stability

The invariant rsonunit and the fractional collective coordinate p, provide a natural language for
distinguishing quantum resonance from gross-matter resonance. A resonator assembled from many
protons, neutrons, electrons, and Aether-supported photon paths may operate at a fractional or
compound resonance while the underlying rsonremains invariant.

The apparatus and material therefore seek compatibility among at least four structures: inherited
resonance, magnetic organization, holonomy /chirality, and compound-matter rigidity. Let their
admissible state sets be Prson, Pmags Phol, and Pmat. A stable collective configuration must lie in

Pstable = Prson N Pmag N phol N Pmat - (30)

This formulation permits both stable and unstable resonant configurations without requiring the
Aether unit itself to be rigid.

For a closed path, local preferred-phase mismatch also provides a holonomy-frustration criterion. If
0,1 is the difference between apparatus-preferred and material-compatible phase on link jk, coherent
closure requires
Z Sk = 2mn, n € Z. (31)
loop
Failure of Eq. (31) indicates frustration: the system must deform, introduce a defect, change
collective orientation, recruit another compatible configuration, or fail to persist in that state.

This provides a possible macroscopic analogue of the recruitment logic established in Papers II and
III. A continuously driven geometry may increase local coherence until a branch becomes too stiff,
after which a new collective mode may become the lower-mismatch continuation. Whether such
branch behavior occurs in laboratory resonators is an experimental question.

8 Trumpet Geometry as a Collective Boundary Traversal

8.1 Recovery of the earlier first-order trumpet scaling

The earlier trumpet phase paper introduced the first-order collective scaling
rmfdy o r, curl 4 oc r7 1, (32)

although its notation did not yet distinguish rigorously between invariant QMU units and their
macroscopic realizations Thomson III [2026j]. In the present framework the invariant units remain
fixed. Equation (32) is therefore reinterpreted as a statement about the realization ratios

rmfd 4 curl 4 1
rmfd curl 7 (33)
Using the AMC boundary pair
curly _D rmfdg D1 (34)

curl ’ rmfd ’
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Eq. (33) is equivalent to the first-order boundary map

D(z) _ r(20)
D(zo) ~ 702 )
Hence
‘ D(z) r(z) = constant ‘ (36)

within the original first-order trumpet ansatz.

This result is useful for two reasons. First, the earlier inverse-curl /radius law can be retained without
allowing the invariant QMU curlunit itself to vary. Second, the exponential trumpet profile

r(z) = roe” K (37)

then gives

D(z) = Dye, (38)

which is exactly an exponential AMC boundary trajectory. Thus the old exponential trumpet and
the new condition of uniform logarithmic boundary traversal are mutually consistent at first order.
The physical content is no longer that quantum rmfdor curlchanges with coil radius; it is that the
collective realization transfers reciprocally between the two sectors as the winding radius changes.

Substitution into Eq. (24) gives
dpgeom = 2cvdInr, (39)

up to the sign convention chosen for traversal direction. Therefore the earlier logarithmic trumpet
law is recovered as the first-order radial projection of the AMC boundary law rather than as an
independent constitutive assumption.

8.2 Fractional resonance realization

The same absolute-versus-realized distinction applies to rson. If a compound resonator is described
by a gross operating freq fa while the invariant QMU quantum frequency remains Fjy, then its
corresponding resonance realization is

rsong = f3, (40)
and therefore
f 2
rson g4 A
Pr rson ( F, ) (41)

Equation (41) does not make Fyvariable and does not identify freq with rson. It states only that a
compound system may realize a fractional rsonstate through its gross operating freq. In this sense
QMU supplies the absolute reference while the resonator occupies an emergent state within that
reference structure.

The material need not admit every value of p, equally. Proton, neutron, and electron organization
can impose preferred collective states, so the admissible resonance set may be written

Rmat - {p’r‘,lv Pr,2a .- '}7 (42)

with continuous intervals, discrete locking points, or a mixture of both determined by compound
geometry. The trumpet then supplies a continuously varying boundary/holonomy demand against
which those material-compatible resonance states are tested.
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9 Universality Domain of the AMC Boundary Coordinate

9.1 Boundary coordinate versus source mechanism

The transfer from neutron-star matter to laboratory apparatus must not be made by assuming that
a coil reproduces the neutron-star source mechanism. What is universal in the present construction
is narrower: the normalized local boundary coordinate itself. The Aether-unit chronogeometry
defines the cycle deformation factor by

Dy=—, 43
A= (43)

where L4 is the deformed Aether arc length and L 4 is its unloaded reference. Its Ledger-One
closure is

Ly _ curl4  rmfd D (44)

L Ao curl  rmfdy -

Thus the same D that appears in Paper III has a source-independent geometrical meaning: it is
the normalized Aether-arc realization associated with the local curl-rmfdboundary. The neutron
density used in Papers I-1II is one constitutive source for D; it is not part of the definition of D
itself Thomson IIT [2026¢,d].

This distinction fixes the legitimate scale transfer. Paper IV does not assume
neutron-star source law = coil source law. (45)
It tests whether a laboratory apparatus can produce a nontrivial D4 through a different loading

map while preserving the same QMU boundary coordinate.

9.2 Exact local stretch representation

Let dsao denote the unloaded Aether arc element and define the local positive stretch field

_dsa

d = . 4
Ao =52 (46)
The Aether-unit deformation construction gives the exact local relation

ddsa _ 6(:u1r1A7 (47)

dsa curly

with reciprocal rmfdresponse under the same Ledger-One closure Thomson III [2026d]. Integrating
the local stretch over one participating closed or complete Aether path gives

1
Da= L—/dA(s) ds 10, (48)
A0

Equation (48) is a coefficient-free geometrical representation of the AMC boundary coordinate. It is
more fundamental than the first-order trumpet relation D o r~! because it contains no apparatus
radius at all.
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What remains open is the apparatus-to-Aether pullback. For a winding path I', define schematically

dA(S) = PA[F, Hmat s pr] (5)7 (49)

where P4 maps the material/apparatus geometry onto the local Aether stretch field. The desired
geometry functional is therefore

1

DI = Tao

/ PAIL, Hunats pr)(5) ds . (50)

The current theory fixes the left-hand side and its Aether meaning, but does not yet fix the pullback
P4 for an arbitrary laboratory geometry. This is the precise constitutive problem of Paper IV.

9.3 Holonomy separates path deformation from connection response

The chronogeometry gives the accumulated transport phase in the general form
Oy = }{ Q(s) ds 1, (51)
Ta

with exact first variation

50 = ]{ (8 ds a0 + Qi 0ds 1) (52)

The second term is fixed geometrically through Eq. (47); the first requires the transport connection
law. This separation is important. A change in Aether arc geometry is already an exact D
effect, whereas an additional change in the temporal-magnetic connection is a separate constitutive
response. The previously proposed O /o ~ D? result requires the additional conditional
registration 6€2; /€ = dcurl/curl and is therefore not used here as a primitive identity Thomson III
[2026d].

10 Intrinsic Geometry of an Arbitrary Winding Path

10.1 Kinematic parameterization

To move beyond fixed solenoid formulas, represent the winding by the chiral space curve

I'(z) = (r(2) cosb(z), r(z)sinf(z), z). (53)
The local winding rate is "
wr(z) = o (54)

so that the signed turn count is
1 [#
Np=— dz. 55
r=5r [ wr()ds (53)

The handedness is
XTr = Sgl’l(Wr), (56)
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and the local axial pitch is

27
The metric element along the wire is
ds
> _ N 1( ]2 2[9/(2)12.
= = 1+ PP +r(210(2)] (58)

These relations are purely geometrical and therefore remain valid for solenoidal, conical, trumpet,
variable-pitch, and more general chiral windings.

A useful scale-free taper coordinate is

A, zln<“”> - —/ “dinr, (59)
Tn Zw

while the corresponding AMC boundary traversal is

Ap=— m(gz) | (60)

Equation (25) becomes simply

\Agsgeom = 2alp. \ (61)

The first-order trumpet closure Eq. (35) gives Ap = A, up to traversal sign, recovering the earlier
taper-ratio result.

10.2 Intrinsic curvature, torsion, and holonomy

The same path has intrinsic Frenet curvature and torsion

[T > 7|
R = s (62)
I
d t F/ I‘\/I F///
rp = eI ) (63)

HF’ X F//H2
The notation kr is geometrical curvature and must not be confused with the Paper-III phase-
interaction coordinate k.

Two coefficient-free integrated descriptors are

KF:/FL[‘dS, TI‘:/TpdS. (64)
Tr r

Both are dimensionless. Kt measures accumulated bending, whereas the signed quantity 7T measures
accumulated torsional rotation of the local frame. Together with 2w N7, A,., and xr, they provide a
minimal geometry ledger that does not assume a fixed coil shape.

For the calibration limit of a constant-radius, constant-pitch helix,
r(z) =ro,  0(z) =wz, (65)

one obtains
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so that

T 1 D
— == . 67
KD  Tow AT 21rg (67)

Equation (67) shows explicitly that even the simple helix contains a signed dimensionless balance
between torsion and curvature. A trumpet permits that balance to vary continuously with z.

It is therefore useful to define the local geometric orientation angle

Yr(z) = atan2(m, k) , (68)

which preserves handedness while remaining independent of an arbitrary dimensional normalization.
In the constant-helix limit,

tantr = xr (69)

27T7”0'

This does not yet identify ¥ with the AMC phase center ¢g; it provides a QMU-compatible,
coefficient-free geometric candidate from which such a relation may be derived.

10.3 Minimal geometry ledger for the boundary functional

The preceding results motivate the geometry vector

‘GF = (A, N7, Kr, Tr, xr) ‘ (70)

All entries are dimensionless or discrete. No conventional field equation or fitted transfer coeflicient
is required to construct them. The AMC apparatus problem can therefore be narrowed to

|D =DI[Gr, p,, Hunat | (71)

where Hpat denotes the material orientation/holonomy state inherited from its proton, neutron,
and electron organization. Equation (71) is not yet a constitutive closure; it is the smallest
geometry /material argument set justified by the present audit.

The earlier trumpet law supplies one nontrivial special case. Under its first-order radial closure,

70
D[Gprrameat] - DO@) (72)
which depends only on the taper sector of Gr. Any observed dependence on pitch, signed torsion,
or material orientation beyond this first-order behavior would therefore quantify the higher-order
holonomy terms that the original trumpet paper left unresolved.

11 Symmetry Constraints on Higher-Order Trumpet Terms

The geometry ledger by itself already rules out several arbitrary extensions of the first-order trumpet
law. The AMC boundary coordinate D is positive and scalar. Under a mirror reflection of an
otherwise achiral apparatus,

Kr — KT, T — —1T, XT — —XT (73)



12 COUPLING STRENGTH, PREFERRED PHASE, AND COMPOUND LOCKING 13

while the metric line element and path length are unchanged. The Aether-unit chronogeometry
likewise preserves the deformation magnitude while opposite handedness reverses traversal rather
than creating a different metric point set Thomson IIT [2026d].

Consequently, for an achiral and otherwise mirror-symmetric material environment, the pure
boundary-stretch contribution must obey

|D[My] =D ].| (74)

A term linear in signed torsion Tt or in xr alone is therefore forbidden in the scalar D functional
under these conditions. The lowest admissible purely geometrical torsion dependence is even, for
example through Tlg or other mirror-even combinations. This is a symmetry result, not a fitted
approximation.

The preferred holonomy phase is different because it is orientation-sensitive. Reversing the path
reverses the signed transport, so an achiral mirror pair may satisfy

| ¢o[l+] = —go[l-],] (75)

up to any chirality-even phase offset. The odd and even experimental combinations are therefore

¢0dd = Ma ¢even = %

5 (76)

This provides a coefficient-free mirror test: radius, wire length, turn count, pitch magnitude, and
ordinary scalar loading can be matched while the sign of the holonomy channel is reversed.

Material chirality changes the allowed scalar structure. If x,a¢ denotes a material pseudoscalar, the
product

Xmat XT (77)

is mirror-even and may therefore enter D. Thus a chirality-sensitive boundary magnitude requires
either a chiral material state, another oriented pseudovector/pseudoscalar, or an explicitly symmetry-
breaking environment. This separates two experimentally distinct questions:

apparatus chirality — ¢9 versus apparatus—material chirality locking — D. (78)

A useful consequence is that the first genuinely non-radial test need not guess a higher-order
coefficient. Construct a mirror pair I'y with the same 7(2z) and matched unsigned geometry. The
first-order Dr = constant law predicts the same D trajectory in both. Equation (74) predicts the
same scalar boundary stretch for an achiral material, while Eq. (75) permits an opposite signed
holonomy phase. A measured chirality-odd response can therefore be sought without confusing it
with a change in the scalar boundary magnitude.

12 Coupling Strength, Preferred Phase, and Compound Locking

The geometry audit also clarifies the separation between coupling strength and preferred orientation.

Paper III'’s local phase law is

explrg cos(A¢)]
27 1 0 (H¢)

P(A¢ | k) = (79)
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with I, ()
1(Kg
To(r,) 0
For a chiral apparatus the natural generalization is
exp{ kg cos[A¢ — ¢ol}
A = . 81

Here kg controls the stiffness of local orientation coupling while ¢g records the geometry-preferred
phase. The trumpet phase law suggests the differential boundary contribution

dpo = —2adIn D, (82)

whereas Gr supplies additional chirality and torsion information that may modify or supplement
the radial first-order value.

The material provides its own preferred phase ¢mat. Define the local frustration
djk = 0,jk — Pmat,jk- (83)

A stable closed compound mode requires

Z dji = 2mn, n € Z, (84)

loop

while failure of Eq. (84) produces geometrical frustration. This provides a natural route to stable
and unstable resonant configurations without changing the invariant rsonor curlunits. Continuous
field-favored geometry can coexist with discrete material locking because ¢g may vary continuously
whereas Rpat and the nuclear/electronic compatibility structure can admit only selected persistent
states.

The local laboratory state is therefore better represented by

S(2) = [D(2), q(2), rg(2), pr(2); o(2)] (85)

than by a single magnetic-field amplitude. Stable resonance corresponds to a connected trajectory
through this state space that preserves the applicable loop-closure and material-compatibility
conditions.

13 Research Target: Closing the Apparatus—Aether Pullback

The geometry audit changes the status of the original D[T'] problem. The Aether-unit chronogeometry
already supplies a coefficient-free functional for D once the local Aether stretch field is known,
Eq. (48). The unresolved apparatus law is therefore not the definition of D but the pullback

T, Hmat, pr —> Pa(s) — da(s) — D.‘ (86)

This is a sharper target than a fixed-geometry solenoid formula.
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The first-order trumpet result supplies the calibration condition

‘D(z)r(z) = constant‘ (87)

when the pullback depends only on the radial taper sector. Equation (87) is therefore a recovered
calibration limit, not the general constitutive law. A successful completion of Paper IV requires
at least one geometry for which the derived pullback predicts a departure from D o r~! without
inserting an apparatus-fit coefficient.

The exact holonomy variation, Eq. (52), also shows why K, T, and xr cannot simply be appended
to D with arbitrary linear weights. Intrinsic geometry may affect either the Aether stretch field, the
transport connection, or both. Their symmetry differs, and the mirror constraints of Section 11 must
be respected. Until the QMU loading law specifies which channel is activated, the most rigorous
result is the decomposition itself rather than a guessed polynomial in geometrical descriptors.

For laboratory falsification the observable chain must also be non-circular. The intended test is

independent orientation/geometry measurement — gobs, 0,0bs, (88)
independent boundary-sensitive observable — Dy,
followed by the parameter-free comparison
?
Dops = D(M, QObs) (89)

when the same active branch construction is applicable. The same electrical signal must not be
converted through QMU twice and used as both predictor and confirmation.

The completion criteria for the present paper are therefore: (i) preserve the source-independent
definition of D; (ii) derive the apparatus pullback P4 without an adjustable transfer coefficient; (iii)
produce a non-radial prediction that differs from the calibration law; (iv) construct an ordinary
electromagnetic/geometric-phase null model on the same physical geometry; and (v) identify an
independent boundary-sensitive measurement. These criteria define the remaining work rather than
conclusions assumed in advance.

14 Apparatus-Realization Audit and Differential Boundary Read-
out

The preceding sections isolate the apparatus—Aether pullback P4 as the only missing source-side
map. A separate audit of the QMU rmfd, perm, and coil ledgers now gives two results that should
be kept distinct. First, the existing unit identities do not determine the absolute pullback of an
arbitrary apparatus. Second, they do provide an overdetermined differential readout of the realized
boundary state once a fixed apparatus is compared with its own reference state.

14.1 Reciprocal boundary realization in perm, rmfd, and mflx

The QMU permeability unit obeys
perm = —. (90)
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The Maxwell-Aether coil ledger identifies this reciprocal as the quantum winding-density unit and
gives the straight-wire and solenoidal calibration relations as special geometries Thomson III [2025b].
Combining Eq. (90) with the source-independent AMC realization

curly
=D 91
curl (91)
gives, for the corresponding local reciprocal state,
permy _ l (92)
perm D’
Ledger One also gives
rmfd 4 1
== 93
rmfd D’ (93)
while Paper III gives
mflx 4 1
= —. 94
mflx D (94)
Therefore the reciprocal side of the local matter—space boundary has the exact normalized closure
_ permy rmfdy  mflxy 1
Iy = = = =D 95
A perm rmfd mflx (9)

Equation (95) is not a coil formula. It is a local QMU boundary identity. Particular apparatus
geometries determine whether and how one of these reciprocal realizations can be prepared or
measured.

14.2 No-go result for absolute pullback from dimensional identities alone

The rmfdauthority contains several exact realization pathways, including
rmfd = mfld freq = mflx velc = potn leng = mgfi curr, (96)

but it explicitly distinguishes a ledger identity from an engineering realization. An arbitrary device
may require a dimensionless geometry /calibration factor even when the QMU dimensions close
exactly Thomson III [2026h]. Therefore Eq. (96) cannot by itself supply

Pa [F’ Hmat pr] (97)

with unit transfer for every winding path.

This gives a useful no-go statement:

‘QMU dimensional closure alone does not determine the absolute apparatus—Aether pullback. ‘
(98)
A purported derivation of D[I'| that merely chooses one product identity in Eq. (96) and silently sets
its apparatus transfer factor to unity would therefore be circular. The missing physics is geometrical
registration, not dimensional compatibility.
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14.3 Reference-ratio theorem for a fixed apparatus

The same distinction provides a way around the calibration problem for differential measurements.
Let an apparatus realization channel a produce an estimator

rmfd'?) = k, Yy, (99)

where Y, is the QMU product measured in that channel and &, is its fixed geometry /calibration
factor. Examples are

Y = mfld 4 freqy, Y, = miflx 4 vy, Y1 = potn 4 leng 4, Yic = mgfi, curry. (100)

Compare two states of the same physical apparatus, denoted 0 and A, without changing the geometry
or calibration defining channel a. Then x, cancels:

rmfdff) Yaa

rmfd(()a) B Ya,O'

(101)

If state 0 is the chosen local reference and the state change is an AMC boundary realization, Eq. (93)
gives

You 1
Ya,() DA7

YaD
Dy =—. 102
AT Y, (102)

This is a coefficient-free reference-ratio result. It does not predict how the apparatus creates D 4; it
predicts how an already-created boundary change must appear in every independently calibrated
realization channel whose geometry remains fixed between the two states.

The strongest test is therefore overdetermined. For two or more independent channels,

7’:—’:"-:D21. (103)

Failure of Eq. (103) after ordinary instrumental corrections would falsify the proposed common
rmfdboundary realization even if one individual channel happened to agree.

14.4 Inductive calibration limit and a direct candidate readout

For the solenoidal calibration topology, the QMU coil ledger gives

indc

=2 . 104
long perm (104)
The factor of two belongs to the established QMU coil /neutron-fold structure; its origin does not
need to be re-derived in the present laboratory ratio. When the same physical winding is compared
between two states, Eq. (92) and Eq. (104) give

_ (indc/leng)o

~ (indc/leng) 4’ (105)

All fixed topological factors cancel. Equation (105) is therefore a candidate boundary-sensitive
readout for a fixed calibration coil, not a universal formula for arbitrary trumpet, toroidal, spiral, or
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multiply connected windings. Ordinary inductive changes caused by heating, magnetic permeability,
geometry drift, and frequency-dependent parasitics must be modeled independently before a residual
can be assigned to the AMC channel.

This result suggests a practical division of labor. The trumpet or another chiral resonator may serve
as the source geometry that prepares orientation and holonomy, whereas a nearby fixed calibration
structure can serve as a differential perm/rmfdreadout. That separation avoids using the source
coil’s own complicated distributed inductance as both cause and measurement of D.

14.5 Local magnetic-orientation action as a conditional source coordinate

The magnetic-moment ledger supplies one additional, more microscopic candidate for the orientation-
strength side of the pullback:

enrg = magm mfxd. (106)
For a nearest-neighbor active orientation link jk, define the dimensionless interaction strength

magm?zt mfxdy ;i

e = 107
ik enrg (107)
If the local mismatch action takes the symmetry-minimal circular form

Aji = € [1 — cos(Adji — do jk)] (108)

then normalization of exp(—.A;i) forces the Paper-III concentration coordinate to be

I (€k)

Ko jk = €jks qik = . 109
®J J J To(ejr) (109)

Equation (109) is a constitutive candidate, not yet an apparatus identity. Its value is that it locates
the source-side problem at the correct scale: the active magnetic orientation available on a local link,
multiplied by the local magnetic-flux-density realization, rather than the total magnetic moment or
current of the entire sample. Nuclear and electronic closure determine magm?°t; apparatus holonomy
determines ¢g; and the still-open pullback determines how the applied geometry produces mfxd4 ;i

and d4(s).

14.6 Consequence for the trumpet experiment

The present audit therefore separates three experimentally different objects:

’source geometry ' — P4 — D — independent differential readout.‘ (110)

The first arrow remains the constitutive target. The final arrow is now constrained by Eqs. (102)—
(105). This is useful because Paper IV no longer requires the complicated trumpet itself to supply
an absolute calibration of its Aether loading. The source may be geometrically elaborate while the
readout is deliberately simple and overdetermined.

A particularly strong protocol is therefore to hold one trumpet geometry fixed, sweep only a
reversible orientation or resonant state, and test whether several independent normalized readout
channels share the same ratio D~!. A separate mirror trumpet reverses the chirality-odd holonomy
phase while preserving the scalar boundary prediction in an achiral environment. The combined
test separates (i) ordinary apparatus response, (ii) a common scalar boundary realization, and (iii)
a chirality-odd phase channel.
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15 Minimal Intrinsic Pullback Candidate from Frame Rotation

The no-go result of Section 14 does not imply that an apparatus pullback must contain a fitted
coefficient. It means only that the pullback cannot be obtained from dimensional closure alone. The
winding path itself supplies additional intrinsic geometry. This section derives the most economical
local scalar available from that geometry and tests it against the constraints already established in
this paper.

15.1 Local frame rotation of an arbitrary winding

Let s be arc length along a regular winding path I'(s) with Frenet curvature xp(s) > 0 and signed
torsion 7r(s). The Frenet frame rotates along the curve with Darboux vector

Qr =7 T+ kr B, (111)

whose intrinsic rotation density is

wr(s) = Q]| = /rr(s)? +mw(s)2. (112)

The quantity wr has inverse-length dimension. Its importance here is not that geometrical curvature
or torsion is identified with QMU curl. Rather, wr is the Euclidean norm of the local frame-
connection vector built from the two intrinsic first-order rotation rates of a nonplanar curve. It is
invariant under reparameterization, positive, and mirror-even because

KT — K1, T — —1Tr, wr — wr. (113)

These are exactly the symmetry properties required of the scalar boundary stretch D in an achiral
environment. Signed torsion remains available independently to the chirality-odd holonomy channel.

The construction is also compatible with the Aether-unit chronogeometry. There the physical particle
state preserves completed area, winding, and handedness while arc length, curvature, torsion, and
local progression remain elastically deformable; the changed line element is then the local geometric
input to holonomy Thomson III [2026d]. The apparatus problem therefore has the same formal
separation: intrinsic frame rotation describes the source path, whereas QMU curldescribes the
resulting Aether loading if a constitutive registration exists.

15.2 Coefficient-free normalized pullback candidate

Choose a reference winding I'y made from the same material and participating resonant branch,
and compare corresponding local segments without changing the readout calibration. The ratio

wr(s)

M= )

(114)

is dimensionless and contains no apparatus coefficient. The symmetry-minimal intrinsic candidate
for the local Aether stretch is then

d'y? (s) = Wr(s), (115)
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where the superscript (F') denotes the Frenet-frame candidate and not an established QMU identity.
Introduce a binary local activity selector

xa(s) € {0,1}, (116)

where x4 = 1 means that the local material orientation and resonant state admit the winding-defined
link and x4 = 0 means that the link is closed. Inactive links remain in the unloaded reference
state; they must not disappear from the normalization. The baseline-preserving local candidate is
therefore

Y (s) = 1+ xa(s) [Wr(s) - 1]. (117)

Substitution into the exact source-independent boundary definition gives

wr(s)

or(s)

Dl xa) = 1+ 7 [ xa®s)

d . 11
L a0 540 (118)

Equation (118) has the correct limiting behavior: if no compatible links are open, x4 = 0 and
Dp = 1; if the participating region is fully active, x4 = 1 and the result reduces to the average
intrinsic frame-rotation ratio. No fractional material coefficient has been introduced. Determining
x A from nuclear, electronic, orientation, and rsoncompatibility remains a separate selection problem.

Equation (115) is not asserted merely because it is dimensionless. It is the minimal candidate
satisfying simultaneously: local dependence on the winding path; reparameterization invariance;
mirror-even scalar response; sensitivity to nonplanarity; no adjustable coefficient; and recovery of
the earlier radial limit for a planar circular winding. These constraints make it a substantially
narrower proposal than an arbitrary function of curvature and torsion.

15.3 Exact helical test and the first non-radial prediction

For a circular helix of radius r and axial pitch per turn p, let

p

= —. 119
a= (119)
Its intrinsic curvature and torsion are
r a
_ — - 120
Rp T2+a2’ N XFT‘2+(12’ ( )
so Eq. (112) reduces exactly to
1 1
w pr— pry . 121
r Vr2+aZ2 2+ (p/2r)? (121)

This immediately yields a non-radial prediction. Compare a finite-pitch helix with the planar circular
reference at the same radius, for which wr, = 1/r. Then

~1/2

DF<T7p> _ r _ L 2
Dp(r,0)  /r2+ (p/2m)? N l1+ (27rr) ] ' (122)
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The original first-order trumpet law, which depends only on radius, predicts no such pitch correction
at fixed r. Equation (122) therefore supplies the first coefficient-free geometry test in Paper IV that

is not secretly equivalent to D oc 1.

Dp(r,p) 1 ( p >2 p*

—=1—=(— ol—= 1, 123

Dp(r,0) 2 \amr) TO\ (123)
so the leading scalar correction is even in pitch and chirality, as required. Reversing the winding

handedness changes m but leaves Eq. (122) invariant. The same mirror pair can therefore test a
scalar-even D channel and a chirality-odd phase channel simultaneously.

For small pitch,

15.4 Trumpet consequence

For the tapered winding

I'(z) = (r(2) cosb(z), r(z)sinf(z), z), (124)
the exact intrinsic quantities remain
B HF/ X P/IH B (F/ % F//) . F//I (125)
S T N TEE S

and the frame-rate candidate is still Eq. (112). The appropriate trumpet design condition is therefore
no longer simply an exponential r(z). Under the present candidate, uniform logarithmic boundary
traversal requires

diz InDp ~ e In wr = constant (126)

through a locally homogeneous active region. An exponential radius profile satisfies Eq. (126) only
in the limit where pitch, torsion, and taper derivatives are negligible compared with the radial
curvature contribution. This is the precise sense in which the original trumpet is recovered as a
calibration limit rather than assumed as the fundamental shape.

A useful experimental comparison follows directly. Construct two resonators with the same r(z)
and the same total number of turns but different controlled pitch functions p;(z) and pa(z). The
original radial law predicts the same scalar boundary trajectory. Equation (118) predicts different
trajectories whenever the integrated frame-rotation ratios differ. A mirror copy of either resonator
then reverses signed torsion without changing the scalar prediction. These three geometries separate
radius, nonplanar frame rotation, and chirality in one experiment.

15.5 Status of the candidate and falsification rule

The derivation above closes the geometry side more tightly but does not yet elevate Eq. (115) to an
APM identity. The decisive test is external to the source construction. The frame candidate predicts
Dp from the winding geometry alone after the active material branch is fixed. The boundary must
then be reconstructed independently through the reference-ratio observables of Section 14. Thus
the test is

Deps = Dp[L], (127)
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with no fitting of a geometry coefficient. Failure of Eq. (127) rejects the minimal frame-rotation
pullback even if the more general AMC boundary framework survives.

The result is therefore useful in either outcome. Agreement would identify the norm of the intrinsic
winding connection as the first laboratory source map for the scalar Aether boundary. Disagreement
would demonstrate that additional material, resonance, or transport-connection structure is required
in P4, while preserving the no-go and differential-readout results already established above.

16 Material Orientation, Resonance Selection, and Backreaction

The remaining question after Eq. (118) is whether material orientation and fractional rson merely
decide where the intrinsic winding pullback is active or whether they also alter the local value of
the pullback. Existing QMU work supports a useful leading-order separation.

16.1 Selection and intrinsic geometry are different operations

The thermoresonant tellurium analysis provides a direct materials-level precedent: the crystal
dimensions are treated as pre-existing stable-matter geometry, magnetic orientation selects accessible
pathways, and the temperature-resonance relation determines whether an oscillatory pathway
registers with that geometry Thomson III [2026i]. The dynamical Aether-fabric work likewise
requires the local frame to be selected by compatibility rather than aligned by hand, and its
finite-alignment correction enters the propagating phase as a projection of the already-defined local
geometry rather than by redefining the underlying frame rotation Thomson IIT [2026¢].

These results motivate the leading-order factorization

material state — xa(s), winding geometry — Wp(s).‘ (128)

The two operations then meet only in the baseline-preserving product of Eq. (117). In this minimal
separable model, orientation and resonance determine participation, while the active link inherits
its scalar geometric loading from the winding path.

This separation is also consistent with the invariant-particle result of the chronogeometry paper:
completed area, angm, mflx, winding, and handedness remain fixed while arc length, curvature,
torsion, and local progression are deformable Thomson III [2026d]. Material selection therefore need
not alter the invariant quantum structure in order to determine whether a particular collective path
participates.

16.2 Orientation gate

Let Omat(s) denote the locally exposed material orientation state and Or(s) the orientation demanded
by the apparatus path. Define an exact compatibility predicate

Co[Omat(s), Or(s)] € {0,1}. (129)

The predicate is not an adjustable alignment efficiency. It is to be evaluated from the applicable
particle, nuclear, electronic, chirality, and material-orientation rules. For a resolved material whose
relevant state is known, Co = 1 opens the local orientation channel and Cop = 0 closes it.
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The dynamical Aether-fabric result
Q= Kcosd + nw (130)

provides an important distinction. A finite misalignment angle § modifies the propagation or phase
channel through cos §, whereas the signed twist w produces a handed splitting Thomson III [2026¢].
This supports treating continuous orientation mismatch primarily in g, k¢, and ¢g, while reserving
the scalar pullback gate for the question of whether the material pathway is available at all.

16.3 Resonance gate

For a local compound state define the fractional resonance realization

rson 4(s)

prls) = (131)

rson
The material supplies an admissible set Ryt (s) from its proton, neutron, electron, and compound
structure. The exact resonance predicate is

Cr(s) = {pr(s) € Rmat(s)} - (132)

In a real experiment finite linewidths will broaden this ideal predicate, but the theoretical definition
should remain tied to the independently measured resonance window rather than to a fitted weighting
function. The tellurium reconstruction gives the relevant precedent: magnetic orientation selects
accessible pathways, whereas thermoresonant registration determines whether those pathways
coincide with stable lattice geometry Thomson III [2026i].

The leading-order activity selector is therefore

[ xa(s) = Co(s) Cr(5) Cr(s), (133)

where Cpr is the applicable holonomy /closure predicate, including nuclear or electronic closure when
required. Equation (133) contains no continuous apparatus coefficient.

16.4 The minimal separability law

Combining Eqgs. (114), (117), and (133) gives the leading laboratory source candidate

d9(s) = 1+ Co(s)Cr (5)Cri (s) L‘:FF((?) _ 1] . (134)

This equation expresses the narrowest synthesis presently supported by the existing theory:

geometry sets the active-link deformation, (135)

material structure decides whether the link is available.

It also resolves a normalization problem that would arise if inactive links were simply omitted
from the integral: absence of participation now returns the unloaded boundary D = 1 rather than
spuriously reducing the boundary measure.
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16.5 Backreaction is a separate, falsifiable correction

The separable law does not assume that material backreaction is impossible. It isolates that
possibility. Write the most general local response near the minimal model as

da(s) = dY)(s) + ddpack(s), (136)

where ddpack is defined operationally as any reproducible change in the active-link pullback that
remains after geometry and the binary compatibility state are held fixed.

The null hypothesis of Paper IV is

Hap:  Odpack = 0. \ (137)

A nonzero residual would establish that material orientation, isotope/nuclear structure, or fractional
resonance changes not only participation but the local magnitude of the Aether deformation. Such a
result would require the next constitutive layer; it must not be absorbed into an empirical efficiency
coefficient.

This creates a clean experimental hierarchy. With one winding geometry fixed, change only the
material orientation or resonant branch. If the response changes by opening or closing predicted
compatible regions while the active-link value remains fixed, Eq. (134) survives. If the inferred
active-link deformation itself changes, then Hge, fails and material backreaction has been measured.

16.6 Consequences for isotope and trumpet tests

The isotope program now has a sharper role. Nuclear closure, torsion, neutron/proton organization,
and electronic cancellation first determine Cy and Cp. They do not automatically multiply the
frame-rotation law by neutron number. Thus two isotopic conductors wound on the same trumpet
can differ because they present different compatible orientation/closure channels even though the
geometrical Wr is identical.

Likewise, varying the trumpet pitch at fixed material tests Wr while holding the material predicates
as nearly constant as possible. Varying orientation or resonant branch at fixed trumpet tests x 4.
The crossed experiment therefore separates

intrinsic geometry x material participation x possible backreaction. ‘ (138)

This factorization is a stronger experimental design than changing coil shape and material simulta-
neously.

17 Explicit Material-Gate Ledger and Candidate Test Classes

The binary selector in Eq. (133) is useful only if its three predicates can be evaluated from
independently specified material information. This section therefore replaces the schematic symbols
Co, Cr, and Cy with an operational ledger that preserves the leading-order separability hypothesis
while remaining tied to the orientation, resonance, and nuclear-holonomy work already developed in
QMU.
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17.1 Orientation availability is not particle count

The orientation audit established that an internal particle inventory and an externally available
orientation are different quantities. Nuclear spin closure provides the clearest example: a composite
nucleus can contain many proton and neutron magnetic structures while presenting no net external
magnetic axis when the internal angular-momentum geometry cancels. The same distinction applies
to electronic shells and magnetic domains. Accordingly, define the locally exposed active magnetic
moment by

magmact(s) = Z magm,, (139)

a€Sext ()

where Sext(s) contains only particle or compound sectors whose orientation survives the applicable
nuclear, electronic, and material cancellations.

The orientation-availability predicate is then

C5™\(s) = 1{|magm,(s)|| > 0}. (140)

Equation (140) is deliberately weaker than an alignment law. A nonzero active axis merely says
that an orientation channel exists. The continuous mismatch between that axis and the apparatus-
preferred orientation remains in the Paper-III phase variables A¢, kg, and ¢g rather than being
hidden inside a scalar efficiency.

Where the microscopic channel possesses an established loxodromic or magnetic handedness hpat =
41, and the apparatus selects hr = £1, a discrete handed-compatibility factor may be written

C6(5) = L{hmas(s) = hr(s)}, (141)

when same-handed registration is required by the applicable receiver or material rule. The complete
leading orientation gate is therefore

Co(s) = C&™(s) CH(s), (142)

with Cg = 1 whenever the material pathway is axis-sensitive but not handedness-selective.

This construction prevents raw neutron, proton, or electron number from being substituted for
orientation participation. In particular, an isotope can change nuclear closure or magnetic moment
without changing the elemental electronic configuration, allowing the nuclear orientation channel to
be varied while much of the ordinary conductor response remains common.

17.2 Resonance registration as an independently measured predicate

The tellurium reconstruction provides a coefficient-free model for resonance registration. For a
measured gross frequency f,, define
f
Un = ?n’ Prn = V?L? (143)
q
and, when the relevant material structure is characterized by a fixed compatibility dimension L, at
a specified thermodynamic state, define the registration ratio

Ly,

n,s — 1 * 144
Roe = 1" (144
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The ideal resonance gate is

Cr(s) =1{Rps =1} =1{p, € Ruat}- (145)

The equality is conceptual: the first form is appropriate when a structural registration coordinate
has been derived, while the second is the general set-membership form. In an experiment the finite
linewidth is measured independently and defines the accepted interval before the AMC boundary
data are examined. No free resonance width is fitted to maximize agreement with D.

This separation is important for a trumpet resonator. The winding geometry may sweep continuously
through Wr(z) while the material admits only localized resonance windows. The predicted scalar
response can therefore contain plateaus, gaps, or transition regions even when the physical taper is
smooth.

17.3 Holonomy and nuclear closure gate

The nuclear work already provides a discrete structural ledger containing closure, proton—neutron
co-closure, conjugation, and defect variables. Denote the material holonomy state by

Hpat = [{Cf}v {Lz}, {Ag}, {Dz}, q)mat] ) (146)

where ®,,,; denotes the phase or phase set permitted by the corresponding composite state. The
apparatus supplies a preferred local holonomy phase ¢¢(s). The exact closure predicate is

C(s) = 1{g0(s) — Prar(s) = 2mn, n e Z} .| (147)

For a loop containing several links this becomes

C}?Op = 1{ Z [¢0,jk — (z)mat,jk] = 271'71} . (148)

jk€loop

Thus the discrete nuclear ledger does not enter Paper IV through an arbitrary scalar “nuclear factor.”
It determines which material holonomy branches exist and whether the apparatus-imposed path
can close on them. The shell-gap work further provides a natural way to choose isotope pairs near
curvature or torsion-shifted closures rather than merely choosing the most neutron-rich material.

17.4 Complete leading-order gate

Equations (142), (145), and (147) close the leading selection ledger:

xa(s) = 1{|/magm, || > 0} CA(5)1{p, € Ruat} 1{A®y = 270} . (149)

Inserted into Eq. (134), this gives

A9() = L xals) We(s) =1, W= (150)

The leading source law is therefore coefficient-free once the material state and winding geometry are
specified. It remains a constitutive candidate because the identification of Wr with the active-link
Aether stretch is still under test; the material gates themselves no longer require an unspecified
continuous weighting coeflicient.
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17.5 Four experimental material classes

The gate structure suggests four complementary isotope classes rather than one “best” conductor.
Nuclear-spin values in Table 1 are external nuclear-data facts from NIST and TAEA reference data;
the QMU interpretation is the material-gate classification developed here.!

Table 1: Candidate material classes for separating orientation, nuclear closure, and intrinsic winding

geometry.

Class Candidate comparison

Nuclear
orientation

Primary Paper-IV purpose

Smooth isotope %Cu vs. %°Cu
control

Orientation 60Ni / 6INi / ©2Ni
switch

Curvature/closure 119Sn vs. 1208n, 1228n,
control and 24Sn

Torsion-shifted ~ 206Pb / 207ph / 208ph
closure
approach

both T = 3/2

0,3/2,0

1/2 vs. 0

0,1/2,0

Same element and same
nonzero nuclear-spin class;
tests isotope-dependent
nuclear geometry without
switching the existence of
the nuclear orientation
channel.

Opens and closes a nuclear
first-rank orientation
channel while retaining
the same elemental
electronic structure;
magnetic-domain
complexity makes this a
stress test rather than the
cleanest first apparatus.
Separates an
orientation-active nearby
isotope from even—even
spin-zero isotopes,
including the previously
identified N = 72
curvature-container
boundary at '?2Sn.
Approaches the major

N = 126 closure while
toggling the exposed
nuclear orientation at
207pPh; useful for
distinguishing closure
effects from orientation
availability.

Copper remains the most practical baseline because both naturally abundant isotopes possess the
same nonzero nuclear-spin class and the conductor technology is mature. Its role is therefore not to

'Reference nuclear data used for the candidate table: NIST Handbook of Basic Atomic Spectroscopic Data for Cu,

Ni, and Sn, and TAEA INDC(SPN)-3 for **“Pb.
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maximize a predicted anomaly but to establish the smooth-isotope control. Tin and lead provide
stronger structural discriminators because their isotope chains include spin-zero and spin-active
neighbors near QMU-relevant closure structure. Nickel provides an additional orientation-switch
family but carries substantial ordinary magnetic-domain physics that must be modeled as part of
the null experiment.

The important point is that the four classes test different components of Eq. (149). No single isotope
comparison can determine all three gates.

17.6 Crossed trumpet matrix

A decisive experiment should cross material state and winding state rather than change them
together. Let G be a reference winding, G a trumpet with one pitch/taper program, and G2 a
second trumpet having the same radius profile but a deliberately different pitch function. Let My
be a material state for which the nuclear orientation channel is absent or deliberately randomized,
and M; a matched state for which the relevant orientation/holonomy channel is available. Then the
minimal model predicts

1 .
DG M) =1+ 1 /X§{>(s) (Wi, (s) — 1] ds.ao. (151)
The geometry contrast
AgD = D(Go, M) — D(G1, M) (152)

probes the non-radial frame pullback, while the material contrast
Ay D = D(Gy, My) — D(G1, My) (153)

probes the gate ledger. A difference-of-differences,

AcuD = [D(Ge, My) — D(G1, My)] — [D(G2, My) — D(G1, My)] 7‘ (154)

then tests whether material state merely selects the intrinsic geometry or changes its active-link
magnitude. Under Hge, the interaction term is fixed entirely by the change in the binary active set.
A reproducible excess beyond that prediction is, by definition, ddpaec # 0.

This crossed construction gives Paper IV a direct falsification hierarchy. Failure of the pitch
contrast rejects the frame-rotation pullback without altering the source-independent definition of D.
Failure of the gate contrast rejects the proposed material predicates. Failure of the difference-of-
differences under otherwise verified geometry establishes material backreaction. These outcomes are
experimentally and logically distinct.

18 Numerical Preregistration of a Geometry-Only Trumpet Con-
trast

The preceding sections distinguish a local geometry law from a material gate. The next useful step
is therefore numerical preregistration of a geometry contrast before choosing an enriched material
or fitting any resonance window. This section does not fabricate a material-specific x 4(s) map.
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Instead it fixes two explicit winding paths, computes their Frenet invariants directly, and records the
conditional prediction obtained when the same material pathway is fully active in both resonators.
Material-specific predictions can later be obtained by inserting independently measured gates into
Eq. (151) without changing the preregistered geometry calculation.

18.1 Reference trumpet and two pitch programs

Choose the distinguished taper ratio from the earlier trumpet analysis,

Tw _ em/2 = 4.810477. .., (155)
Tn
and use the engineering bridge values
L = 0.600 m, rn = 25.0 mm, ro = 120.2619 mm, Np = 48. (156)

The radius profile is fixed for both windings,

1 w n
r(2) = ryexp(—kz), k= D(TL/T ) (157)
The first winding has uniform turn density,
21 N-
01(z) = ”L .. (158)

The second has the same total number of turns and the same radius profile but a deliberately
redistributed local pitch,

d92 27TNT 2mz
— 1 -/ =0. 1
P i —I—ecos< 7 )} , e = 0.75, (159)
so that - 5
O2(2) = T Nre sin(?) , (160)

whose derivative is Eq. (159). The sinusoidal term vanishes at both ends, so both windings contain
exactly Np turns. The local derivative remains positive because € < 1.

Because r1(z) = r2(2), the first-order radial calibration Dr = constant predicts no differential
scalar boundary signal between these two geometries. Any preregistered differential result from the
frame-rotation candidate therefore comes from pitch, curvature, and torsion rather than taper ratio.

18.2 Reference-pair form of the frame pullback

For this differential test it is preferable to use one actual winding as the reference rather than a
fictitious planar circle at every z. Define

WQl(Z) = Z£2Ei§, wr = \/lﬁ% + 7'12. (161)
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This ratio cancels the common radial profile and asks only whether redistributing the turns changes
the intrinsic frame-rotation density. Under full common material participation and the reference-path
realization ds g — dsr,, the candidate relative boundary prediction is

Dy 1
— = Wot dsr, . 162
Dy Ly, Jr, 21 45Ty (162)

Equation (162) is a preregistered constitutive prediction of the frame-pullback candidate, not a source-
independent identity. If the mapping of ds 4o to the laboratory reference path fails experimentally,
the candidate is rejected.

18.3 Numerical result

Direct numerical differentiation of the two space curves gives
0.9890014 < Wo(2z) < 1.0021262, (163)

and the reference-path average is

D
—2 — 0.9985688641. (164)
Dq

Thus the fully active geometry-only contrast is

AgD = —1.431136 x 1073 (165)

relative to G1. This is a 0.1431% effect in the candidate scalar boundary coordinate even though
the two coils have the same r(z), the same 7, /r,, and the same turn count. The old radius-only
differential prediction is exactly zero by construction.

Using the Paper-IV phase relation
d¢p = —2adIn D, (166)

the corresponding scalar boundary-phase contrast is

D
A¢p = 2 ln<D2) = 2.0902 x 107° rad = 20.902 prad. (167)
1

This contribution is mirror-even because it descends from the scalar D channel. It must not be
confused with the chirality-odd preferred holonomy phase ¢g, whose sign reversal remains a separate
prediction and whose magnitude is not fixed by Eq. (167).

18.4 Material-gated prediction envelope

The numerical calculation deliberately stops short of assigning a particular isotope an unmeasured
resonance or holonomy window. With the binary material gate retained explicitly, the pair prediction
is
1 (M)
D;(M)=1+ Tao Xa () [Wr,(s) — 1] ds ap. (168)

Consequently, an independently established inactive state gives

xa=0 = Di=Dy=1, (169)



18 NUMERICAL PREREGISTRATION OF A GEOMETRY-ONLY TRUMPET CONTRASB1

1.002 4 —— W21 = wr,/wr,
—— radius-only differential null /
1.000

0.998 A

0.996 A

0.994 A

0.992 A

0.990 A

local relative frame-rotation pullback W5,

0.0 0.2 0.4 0.6 0.8 1.0
normalized axial coordinate z/L

Figure 1: Preregistered local geometry contrast for two trumpet windings with identical exponential
radius profile and total turn count. GG; has uniform turn density; G2 redistributes the local pitch
according to Eq. (159). The horizontal unity line is the differential null of a radius-only model.

Table 2: Numerical geometry ledger for the preregistered trumpet pair. The listed path length and
integrated Frenet invariants are engineering-geometry diagnostics; they are not substituted directly
for QMU boundary quantities.

Quantity G Go
Wire-path length (m) 182476  19.0187
[ krds 300.5472  299.9027
[ mrds 12.0508  12.0354
Total turns 48 48

Taper ratio ry,/r, 4.810477 4.810477
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whereas a fully active matched state gives Eq. (164) under the reference-pair realization. Intermediate
or spatially localized resonance windows are not free interpolation parameters: their support must
be measured independently and then inserted into Eq. (168).

This is a useful limitation rather than a deficiency. The geometry calculation is now frozen
before the material is chosen. A subsequent isotope experiment can therefore modify only the
independently measured selector x 4; it cannot retune the winding prediction. The numerical source
files accompanying this working paper record the complete Ws;(z) profile and the summary values
in Eqgs. (163)—(167).

18.5 Preregistered falsification statements

For the geometry pair defined above, the frame-pullback candidate makes four immediate statements:

1. the radius-only differential scalar prediction is zero because r1(z) = ra(2);
2. the frame-rotation candidate predicts the nonzero fully active ratio in Eq. (164);

3. mirror reversal of either winding leaves the scalar magnitude in Eq. (164) unchanged in an
achiral environment;

4. an independently inactive material state must collapse the geometry contrast to zero according
to Eq. (169).

A failure of statement 2 rejects the proposed Wr pullback. A failure of statement 3 rejects the
mirror-even scalar assignment. A failure of statement 4 rejects the binary selection law or establishes
nonzero material backreaction. None of these failures requires changing the invariant QMU definition

of D.

19 Existing-Data Audit of the Material Gate

The material selector in Eq. (149) is intentionally stricter than a generic “material response” factor.
A material-specific trumpet prediction requires the orientation, resonance, and holonomy predicates
to be established independently for the same physical state before the AMC boundary response is
examined. The existing QADI corpus was therefore audited for a system that already supplies all
three predicates without introducing an apparatus-fit coefficient.

19.1 No existing dataset closes all three predicates

The audit finds several strong partial authorities, but no existing experiment presently closes the
complete product
xa = CoCrCx (170)

for one material in the same trumpet operating state.

The tellurium reconstruction supplies the clearest simultaneous orientation—resonance precedent.
The deposited transverse magneto-chiral spectrum changes with magnetic orientation and enters a
unique three-mode structural-registration state near the deposited 42 K condition, while the same
assignment is not optimal at the other deposited temperatures Thomson III [2026i]. This provides
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independently deposited information relevant to Co and C,, but it does not independently establish
the trumpet-specific holonomy closure Cg.

The gyroscopic ferromagnet experiment and its QMU reconstruction provide a complementary
material-participation precedent Thomson IIT [2026f]: intrinsic angular momentum couples two
librational modes and the public traces permit a calibration-free coupling reconstruction. That
system is valuable for orientation participation and resonant-mode transfer, but it does not provide
the chiral trumpet holonomy needed to close Eq. (170). Likewise, the nuclear-shell and Pauling-
torsion ledgers provide discrete closure and orientation-availability information Thomson III [2026g],
while the magnetic-anisotropy program provides a materials-level curl estimator Thomson III [2025a];
neither supplies an independently registered trumpet resonance and holonomy state by itself.

The resulting status is summarized in Table 3. A check mark means that the cited body of work
supplies an independently grounded quantity relevant to that predicate; it does not imply that the
quantity has already been measured in a trumpet resonator.

Table 3: Existing-data audit of the three material-gate predicates. No current system closes all
three for the same trumpet operating state.
System / authority Co C» Cx Present use in Paper IV
Photoexcited chiral Te v’ v partial Best existing orientation-resonance
support; helical crystal geometry is es-
tablished, but trumpet holonomy clo-
sure remains unmeasured.

Levitated hard ferromag- v v - Independent material-participation and

net resonant-mode precedent; lacks the re-
quired chiral closure.

Nuclear spin / Pauling tor- v — v Supplies discrete orientation availabil-

sion ledgers ity and nuclear closure classes for iso-
tope tests.

Magnetic-anisotropy ma- '  — - Supplies an independent materials-level

terials curl/orientation diagnostic, useful as a
readout cross-check rather than a com-
plete gate.

This is a constructive no-go result. The present corpus does not justify assigning a numerical
material-specific x4(s) to the preregistered trumpet pair. Doing so would require either importing
an unmeasured holonomy condition or fitting a resonance/orientation efficiency to the same AMC
data that the gate is intended to predict.

19.2 Tellurium as a partial gate calibration

Tellurium nevertheless provides a useful empirical prototype because the material orientation
and resonance support can be frozen before any AMC boundary measurement. For the specific
three-mode transverse registration channel define the observational support indicator

XOR(T.9) = CE°(0) CF(T), (171)

where the hats emphasize that this is support extracted from the deposited tellurium experiment
rather than a universal material law.
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At the deposited transverse 42 K state, the three amplified branches register with the interchain
separation, intrachain bond, and transverse half-cell dimension with collective logarithmic error
Ereg = 0.015791, corresponding to approximately 1.56% RMS mismatch, and this assignment is
the unique optimum among the predefined ordered comparisons Thomson III [2026i]. Paper IV
therefore permits

=Te 1

XOR = for that measured three-mode support state, (172)

but it does not set the support to zero at all other temperatures or angles. Outside the deposited sup-
port state the present status is “unresolved” until a denser angle and temperature scan independently
maps the registration basin.

The full trumpet gate would then be

X% = XorCE. (173)

Equation (173) makes the remaining requirement explicit: a chiral crystal can supply a useful
orientation—resonance calibration, but the AMC experiment must independently establish which
apparatus—material holonomy branch is closed before the scalar D prediction is evaluated.

19.3 A five-step gate-calibration protocol

The audit therefore converts the remaining material problem into an experimental sequence rather
than another constitutive ansatz:

1. Orientation calibration. Determine the accessible material orientation channel and its
reversal symmetry without using the AMC D readout. A continuous magnetic-angle scan is
preferred where available.

2. Resonance calibration. Map the material resonance or structural-registration window
independently and freeze the accepted support interval before examining the trumpet boundary
data.

3. Holonomy calibration. Establish the discrete closure or handed branch from an independent
structural, isotope, enantiomorph, or phase-reversal measurement. The criterion must be
specified before the D comparison.

4. Freeze x 4(s). Construct the binary support map from the three independently established
predicates. No continuous efficiency is introduced.

5. Apply the frozen geometry prediction. Insert that support map into Eq. (168) and
compare the result with the independent reference-ratio measurements of the AMC boundary
state.

The important methodological consequence is that geometry and material support can now be
preregistered separately. The preregistered trumpet pair already fixes Waj(z) and the fully active
differential prediction. The material experiment need only determine where the already-frozen
geometry is permitted to participate.
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19.4 Conditional propagation of the frozen trumpet result

For any independently validated material state whose support is complete over the active reference
region,

xa(s) =1, (174)
the preregistered result remains
D
252:=(19985688641, AgD = —1.431136 x 1072, (175)
1
For a verified inactive state,
XA(S) = O, D1 = D2 =1. (176)

For a spatially localized support map, no new coeflicient is needed; the measured binary support is
inserted directly into Eq. (168). Thus the next material-specific prediction is an integration problem
once the gate is measured, not an opportunity to refit the trumpet geometry.

20 Independent Holonomy Calibration by a Chirality Quartet

The existing-data audit leaves one predicate deliberately open: the apparatus—material holonomy
gate Cpg. This section closes the measurement logic for that predicate without using the AMC scalar
boundary readout D itself. The purpose is not to assert that a particular material already satisfies
the gate, but to define a coefficient-free procedure by which the gate can be established before the
frozen trumpet prediction is tested.

20.1 Holonomy mismatch as a compact phase variable

Let ¢g denote the preferred phase imposed by the apparatus geometry and let ®p,,¢ denote the
independently measured phase branch presented by the material. The physically relevant mismatch
is angular rather than linear, so define the unit-modulus closure phasor

ZH = eXp[i (¢0 - ‘I)mat)] ) (177)

and its principal mismatch
o = Arg Zg = wrap(_r »)(¢0 — Pmat) - (178)

The ideal discrete closure condition previously written as A®y = 27n is therefore equivalent to

Zy=1 <= dg=0.] (179)

For a real experiment, the acceptance width is not fitted to D. Let g ca be fixed from the
independent phase-resolution and repeatability calibration. The experimental gate is then

Ch =1{|0n| < dHcal} - (180)

Thus Cy remains binary, while the measured quantity that decides the gate is a continuous phase
mismatch obtained upstream of the AMC boundary measurement.
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20.2 Separate apparatus and material phase calibration

The apparatus and material phases must first be calibrated independently. For an achiral calibration
material, fabricate or measure a mirror pair of the same trumpet geometry, I'y and I'_. The
chirality-odd apparatus phase is

o) — o)

do = 5 (181)

The scalar boundary channel cancels from this odd combination to leading order because Section 11
requires D[I';] = D[] in an otherwise achiral environment.

Conversely, place opposite material enantiomorphs or otherwise opposite material-holonomy states
in a geometry whose apparatus phase is held fixed. The material odd phase is

$ . — O(My) ; (M)

(182)

Tellurium supplies a concrete precedent for this parity separation: its QMU registration analysis
predicts that opposite crystal handedness preserves the structural frequencies and registration
magnitude while reversing the field-odd emitted orientation Thomson III [2026i]. In the present
experiment, that same even/odd logic is used only to calibrate a material holonomy branch; it does
not by itself establish an AMC boundary effect.

The independently calibrated mismatch inserted into Eq. (180) is therefore

~ ~

oy = WIAD(_ ] (qgo — @mat) ) (183)

No D measurement appears in this construction.

20.3 The four-state chirality matrix
A stronger validation is obtained by crossing apparatus and material handedness. Let
hy € {—1,+1}, b € {=1,+1}, (184)

and measure the same phase observable in the four states ®j,,5,.. Any such four-state data can be
decomposed exactly into the parity basis

B(hm, hr) = Do + hn®rm + hr®p + honhr O, (185)
where

Doy = i (@i 1@y 1D+ D), (186)

®,, = i @y £ 0y — D — D), (187)

D= (D Byt D D), (188)

Qpr = i (Pyy =P =P + D). (189)
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The cross-chirality component is therefore

1
Cor = 7 (Pt — P — Py + O ). (190)

The first term is chirality even, ®,, is material odd only, ®r is apparatus odd only, and ®,, is the
interaction term that changes sign when either handedness is reversed but is restored when both
are reversed.

This decomposition is useful because a holonomy relation between the material and the trumpet
must live in the relative-handedness sector. A nonzero ®,,r is therefore an experimental indicator
that the two chiral structures are coupled rather than merely contributing independent odd phases.
It is not sufficient by itself for closure; the measured branch must also satisfy Eq. (180). The quartet
therefore separates two questions:

‘ ®,,r # 0 tests chiral coupling, (191)

while

|SH\ < JHcal tests holonomy closure. (192)

This distinction prevents an arbitrary magneto-chiral phase from being relabeled as a closed AMC
channel.

Table 4: Preregistered parity ledger for the apparatus—material chirality quartet. The scalar D
channel is mirror-even in an achiral environment; the preferred holonomy phase and the cross-
chirality term are signed.

Material h,, Trumpet hr Relative sign h,,hr Holonomy branch label

+1 +1 +1 same-handed
+1 -1 -1 opposite-handed
-1 +1 -1 opposite-handed
-1 -1 +1 same-handed

20.4 A holonomy gate that is independent of the AMC readout

The complete experimental sequence can now be stated without circularity. First, determine Cp from
the material orientation channel. Second, determine C, from a resonance or structural-registration
scan. Third, determine 50, @mat, and the chirality quartet without using the scalar boundary
readout. Fourth, fix 0y ca from the phase instrument and repeatability study. Only then evaluate
Eq. (180), freeze

[ xa(5) = Co(s)Cr(s)Cr(s), | (193)

and expose the independent D readout.

This supplies the missing operational content of Cy while preserving the no-free-efficiency rule. It
also yields a direct falsifier. If the chirality quartet shows no stable cross component, or if the
independently measured mismatch does not enter the preregistered closure interval, the holonomy
gate is zero for that operating state regardless of what the subsequent D measurement does.
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20.5 Application to a tellurium—trumpet test

Tellurium is attractive because the orientation—resonance side of the gate is already partially
constrained by deposited data. Its QMU reconstruction predicts that reversing crystal enantiomorph
preserves f, and the magnitude of the registration condition while reversing the field-odd emitted
orientation Thomson IIT [2026i]. This provides exactly the parity structure needed for the material
half of the quartet.

A future tellurium—trumpet experiment can therefore be preregistered as follows. Use opposite
Te enantiomorphs M4 ; use mirror trumpet paths '+ having the same radius profile, turn count,
wire length, and scalar loading; map the orientation and thermoresonant window before the AMC
test; measure the four phase states; compute ®,,r and (5AH; freeze Cpr; and only then measure
the independent boundary ratios. Under the leading separability hypothesis, the scalar geometry
contrast remains controlled by the already frozen Wr, whereas the quartet decides whether the
material is permitted to participate in that channel.

The experiment therefore has three logically distinct possible outcomes. A null ®,,,1 rejects apparatus—
material chiral coupling for the tested state. A nonzero ®,,r with failed closure identifies chiral
interaction without an active AMC holonomy gate. A nonzero cross component together with
independently satisfied closure activates Cy = 1 and permits the preregistered D prediction to be
tested. None of these outcomes requires fitting D or changing the geometry calculation.

21 Discussion

The principal conceptual advance of this extension is the separation of invariant QMU reference
structure from emergent collective realization. This prevents two opposite errors: treating a variable
macroscopic state as a change in the quantum unit, and treating an invariant quantum unit as
requiring a rigid macroscopic geometry.

The distinction is particularly consequential for resonator design. A coil is not characterized
adequately by turn count and current alone when the target phenomenon is chiral holonomy through
a deformable collective Aether boundary. Two resonators can share gross electrical parameters while
differing in winding path, taper, handedness, torsion, closure, and local material orientation. Those
geometrical differences are precisely the variables that a QMU boundary experiment must preserve
rather than average away.

The trumpet coil is therefore retained as a high-value experimental geometry, but its role is refined.
The exponential taper is not assumed to be fundamental. The fundamental target is an exponential
trajectory in D if uniform geometric phase-slip density is required. Paper IV therefore treats the
physical winding profile as an experimentally testable realization of that boundary trajectory rather
than as a geometrical assumption.

The broader implication is that compound matter can develop a rich engineering state space
inside invariant Aether limits. Nuclei, atoms, crystals, resonators, and photon paths are emergent
compatibility structures. Once the rules governing orientation, chirality, holonomy, resonance, and
boundary realization are quantified, those relationships can become design variables rather than
merely descriptive properties.
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21.1 Cross-scale implication: Aether pressure as another realization problem

The invariant-reference/collective-realization distinction is not restricted to laboratory coils. The
same bookkeeping principle can be applied to the QMU Aether pressure without changing any of
the local AMC constitutive claims above. The native Aether mass-density and pressure references
are

Mg man2
masdy = —, resy, = ———. 194
A /\03 p A )\C ( )
Using Ledger One, A,curl = F,?\¢?, Eq. (194) closes as
Gf
pres, = masd g A,curl = /\01“2(36’ Gforce = mo Ao Fy2. (195)
C

Equation (195) is a QMU identity, not a cosmological fit. It exposes the same structural separation
used throughout Paper IV: pres, is an invariant Aether reference scale, whereas a physical system
may realize only a fraction of that reference in a specified channel.

The later closure-measure analysis formalizes the realization step independently of the laboratory
AMC pullback Thomson [2026a]. For the symmetric rank-four to rank-five representation transfer,
conservation of the extensive logarithmic realization measure gives

Er=at’, Erp=2%=adb? (196)
where the second relation follows from the QMU resonance identity rson = Fq2. Thus the exponent
8/5 is a resonance realization derived from the 4/5 closure transfer; it is not an independent
channel-counting rule.

For cosmological comparison only, define

(197)

When the Einstein cosmological term is used strictly as an SI/GR bridge, its vacuum-stress form
gives

AN?
= 198
$DE 1 (198)
The companion cosmology analysis identifies the QMU closure-resonance fraction
Qa = Eg = of/? (199)

and then treats the map from that residual to expansion as a separate constitutive problem Thomson
[2026b]. In that analysis the geometric coefficient I'yy = 87/3 follows only conditionally from
boundary-trace preservation, linearity, and spatial isotropy; the subsequent Spatial Resonance
Response Law remains an explicit constitutive premise.

Accordingly, the direct identification
UDE
pres 4
belongs specifically to the pure-A branch. If {2 instead represents the total homogeneous expansion
sector, the Einstein-side vacuum fraction is branch-weighted rather than equal to the full closure

=Qq (200)
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fraction. Paper IV does not select between those cosmological branches and uses neither one as a
premise of the laboratory AMC derivation.

The cross-scale lesson is therefore limited but useful. The same invariant /realized distinction applies
in both programs: the QMU pressure scale remains fixed, while the realized channel is described by
a dimensionless coordinate. The laboratory AMC pullback and the cosmological Spatial Resonance
Response Law are independent constitutive questions and must be tested independently.

22 Conclusion

Paper IV establishes a laboratory extension of the Aether Metric Coordinates program while
preserving the distinction between an invariant QMU reference and its collective realization by
compound matter. The AMC boundary coordinate is source-independent at the level of its QMU
definition,

Ly curly  rmfd mflxy

D= DL (201)

L  curl rmfdy’ mflx

The neutron-density construction of Papers I-III is therefore one source mechanism for this boundary
state rather than its definition. Paper IV asks whether an independently prepared laboratory
geometry can drive the same normalized boundary coordinate without altering the invariant
quantum units themselves.

The apparatus analysis shows that radius, turn count, current, or a conventional field magnitude alone
do not determine the proposed boundary realization. The earlier trumpet relation Dr = constant
survives only as a first-order radial calibration. The minimal non-radial pullback candidate is instead
built from the intrinsic Frenet-frame rotation density,

Wr =L wp=y/k2+72 (202)

Wry

This candidate is reparameterization-invariant and mirror-even in the scalar channel, while signed
torsion and chirality remain available to the odd holonomy phase. It therefore predicts a response
that can differ for two windings having the same taper and turn count but different pitch and
torsion programs.

Matter enters separately through the binary participation ledger

[ xa(s) = Cols)Cr(s)Cr(s), (203)

where orientation availability, resonance registration, and holonomy closure are determined indepen-
dently of the AMC scalar readout. The leading separability law

dV(s) = 1+ xa(s) Wr(s) — 1] (204)

therefore distinguishes intrinsic winding geometry from material selection. Any reproducible change
in the active-link magnitude beyond this law is not absorbed into an efficiency coefficient; it is
isolated as the separate, falsifiable backreaction ddpack-

The resulting test program is deliberately overconstrained. The three material gates are calibrated
upstream, the chirality quartet determines whether apparatus—material holonomy is coupled and
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closed, and only then is the frozen geometry prediction compared with independent coefficient-
canceling boundary readouts. The preregistered trumpet pair provides a concrete scalar falsifier: the
radius-only model predicts zero differential response, whereas the frame-rotation candidate predicts

D
172 = 0.9985688641,  AgD = —1.431136 x 1072, (205)
1

with the corresponding even-channel phase contrast derived in Section 18. Failure of this contrast
rejects the proposed frame-rotation pullback while leaving the source-independent definition of D
untouched. Likewise, failure of an independently calibrated orientation, resonance, or holonomy
predicate closes the corresponding material gate rather than being repaired by refitting the geometry.

Paper IV therefore does not claim that a trumpet resonator has already produced a nontrivial
AMC boundary state. It establishes the conditions under which such a claim can be tested without
circular normalization or post hoc material coefficients. The immediate experimental question
is narrow: whether independently prepared orientation, resonance, and chiral holonomy states
produce the preregistered normalized boundary response. The broader implication is conditional but
consequential. If these relations survive experiment, orientation, resonance, chirality, and holonomy
become engineering variables for controlling collective realizations within fixed QMU limits. If
the constitutive candidate fails, the invariant-reference/collective-realization distinction and the
independent gate-calibration method remain available for constructing and falsifying subsequent
QMU laboratory models.

The same realization principle also exposes a cross-scale QMU closure that is independent of the
apparatus hypothesis. The invariant Aether pressure satisfies

Gforce
2 il

pres, = masdy A, curl = (206)

C

so a cosmological Aether stress may be represented as a fractional realization of an already-defined
QMU pressure scale rather than as a change in the invariant unit itself. The later closure-measure
result separates the first-order realization Zp = ag/ 5 from the quadratic resonance realization
Qa=Zr= ag/ % The companion cosmology analysis then treats conversion of that residual into
homogeneous expansion as a separate constitutive problem; in particular, upg/pres, = Q¢ is the
pure-A branch rather than a branch-independent identity. This cross-scale observation strengthens
the central thesis of Paper IV without entering its experimental derivation: fixed Aether references
may support distinct local and cosmological realizations whose constitutive laws must be tested

separately.
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