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1 INTRODUCTION 1

Abstract

We develop Aether Metric Coordinates (AMC), a Quantum Measurement Unit (QMU)
representation of compact-object geometry that gives a material-space interpretation to a
recognized Painlevé–Gullstrand coordinate form. The starting QMU identities c = λCFq and
ma = λC

3Fq
2/G imply the exact maximum Aether length-density normalization ma/λC = c2/G.

With native coordinates τ = Fqt and ρ = r/λC , the dimensionless compactness field becomes
ϑA = (M/r)/(ma/λC) = GM/(rc2). We define the AMC shift-strain scalar ϵA = 2ϑA and
write the spherical line element as dσ2

A = −dτ2 + (dρ +√ϵA dτ)2 + ρ2dΩ2. The native temporal
term therefore remains Fq

2 while gravitation appears as a temporal-spatial shift of material
space. For spherical sources the local field equation is d(ρϵA)/dρ = 8πρ2ρ̂A; outside the source,
ϵA ∝ 1/ρ, so nominally empty space can remain materially strained after the local source
vanishes. The corresponding extrinsic-curvature eigenvalues have the exterior ratio Kρ

ρ : Kθ
θ :

Kϕ
ϕ = −1/2 : 1 : 1, and the quadratic geometry-source invariant is K2 − KijKij = 16πρ̂A.

Radial null paths satisfy dρ/dτ = −√ϵA ± 1; the Schwarzschild horizon is the propagation
threshold ϵA = 1 (ϑA = 1/2), whereas the QMU maximum Aether length density is the distinct
constitutive threshold ϵA = 2 (ϑA = 1). Half-spin matter is interpreted as participating in one
quarter of the full temporal process of the spin-2 Aether; this is a participation fraction, not
a temporal lag, and it is not inserted as a reduced metric lapse. Neutron-associated length
density supplies the candidate microscopic pinching source. An independent neutron-fold/Aether-
deformation test identifies the exact many-body coordinate Dcell = (nnVn0)−1/3 = rWS/rn0 and
tests its registration to the single-Aether-unit deformation D(η). NL3, DDME-X, and two GM1
realizations remain inside the monotonic single-unit deformation domain, whereas SLY4 reaches
the η = 1 boundary on the increasing-mass TOV branch and continues to Dcell ≃ 0.7225, below
the global minimum D(η) ≃ 0.8221 attainable by the full positive-η family. The registration is
therefore finite-domain rather than universal. Finally, a NICER/XMM X-PSI path-curvature
deformation analysis of PSR J0030+0451 returned to the undeformed relativistic law in real
data, while a controlled synthetic realization injected at Γ = 0.900 was recovered near Γ̂ = 0.911,
demonstrating that the propagation test can recover a nearby nonstandard path law when present.
AMC therefore supplies a compact QMU bridge from source length density to material-space
deformation and from material-space deformation to photon-path curvature.

Keywords: QMU; APM; Aether Metric Coordinates; Painlevé–Gullstrand geometry; neutron
length density; material-space strain; photon-path curvature; compact objects; NICER; X-PSI

1 Introduction

Newtonian gravity remains the practical force description over the weak-field domain, general
relativity supplies the relativistic completion, and Schwarzschild’s spherical solution isolates the
compactness combination GM/(rc2) Einstein (1916); Schwarzschild (1916). The present work asks
a different question: can the same geometry be expressed in QMU so that “curved space” acquires
a mechanical material-space meaning rather than remaining only a metric description?

The key step is to use the native Aether temporal quantity Fq
2 and the QMU maximum Aether

length density ma/λC as primitive normalization structures. This leads naturally to a material-
coordinate interpretation of the horizon-regular coordinates introduced independently by Painlevé
and Gullstrand Painlevé (1921); Gullstrand (1922), and treated in a modern relativistic context
by Martel and Poisson Martel and Poisson (2001). The coordinate representation is therefore not
claimed as new. The proposed contribution is the QMU interpretation of its shift field as an Aether
length-density strain coordinate and the resulting source–strain–path chain.
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The resulting architecture is

source length density −→ Aether shift-strain −→ Kij −→ Aether metric −→ photon path .

The photon itself is not “bent.” It remains locally null; the allowed path curves because the
material-space coordinates through which it propagates are deformed.

The paper has five objectives: (1) derive the AMC normalization directly from QMU primitives; (2)
formulate the local source equation and exterior strain field; (3) distinguish the horizon propagation
threshold from the Aether constitutive length-density threshold; (4) place neutron-associated length
density within the source mechanics while retaining the spin-temporal distinction between matter
and Aether; and (5) preserve the existing EOS and NICER/XMM tests as empirical constraints on
the construction. Institutional attribution follows the QADI reference identity Thomson (2025).

2 Native QMU temporal and spatial coordinates

The Aether Physics Model uses the electron Compton length λC and quantum frequency Fq as
primitive spatial and temporal scales. Their product gives the propagation speed

c = λCFq. (1)

The native temporal process is therefore represented by

rson = Fq
2. (2)

Define dimensionless Aether Metric Coordinates

τ = Fqt, ρ = r

λC
. (3)

Then
λC

2dτ2 = λC
2Fq

2dt2 = c2dt2. (4)
Thus c2 is recovered as a derived space–time product, while Fq

2 remains the native temporal
quantity.

For undeformed material space, the dimensionless interval is

dσ2
0 = −dτ2 + dρ2 + ρ2dΩ2, (5)

where
dΩ2 = dθ2 + sin2 θ dϕ2. (6)

The dimensional interval is ds2 = λC
2dσ2.

2.1 Temporal participation of matter

Within the APM spin-temporal interpretation, the Aether carries a full spin-2 temporal process while
the electron, proton, and neutron are half-spin particles. The corresponding temporal participation
fraction is

Πt = sm

sA
= 1/2

2 = 1
4 . (7)
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Equation (7) is not interpreted as matter being one-quarter “behind” in time. It states that half-spin
matter participates in one quarter of the total temporal process available to the full-spin Aether;
the Aether is temporally more active, not temporally ahead. AMC therefore retains the full Fq

2

Aether temporal term in the metric. The participation fraction is a matter-sector projection and is
not inserted as a factor 1/4 multiplying the lapse.

This separation is important. Electron, proton, and neutron all share the same half-spin participation,
so half-spin alone cannot identify the neutron as the pinching agent. Neutron specificity must enter
through its internal QMU geometry and its constitutive coupling to the full-spin Aether.

3 Maximum Aether length density

The Aether maximum mass is

ma = λC
3Fq

2

G
. (8)

Using Eq. (1),

Gma = λC
3Fq

2 (9)
= λC(λCFq)2 (10)
= λC c2. (11)

Therefore
ma

λC
= c2

G
. (12)

Equation (12) is the AMC length-density normalization. It follows from the primitive QMU
definitions before a stellar model, metric choice, or pulse-profile fit is introduced.

For an enclosed effective source mass MA(< r), define

µA(ρ) = MA(< r)
ma

. (13)

The normalized radial length-density field is

ϑA(ρ) = MA(< r)/r

ma/λC
= µA(ρ)

ρ
. (14)

Using Eq. (12), the SI correspondence is

ϑA(r) = GMA(< r)
rc2 . (15)

At the stellar surface, ϑc = ϑA(R).

The familiar dimensionless compactness is therefore recovered, but AMC assigns it a specific QMU
meaning: it is the fraction of maximum Aether radial length density represented by the enclosed
source.
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4 The AMC shift-strain scalar

Define the dimensionless AMC shift-strain scalar

ϵA ≡ 2ϑA. (16)

Equivalently,

ϵA = 2 MA/r

ma/λC
= 2GMA

rc2 . (17)

Introduce the radial shift amplitude

βA ≡
√

ϵA =
√

2ϑA. (18)

The dimensional shift scale is
vA = cβA = λCFqβA. (19)

Here vA is a coordinate shift of the material-space foliation, not the velocity of the photon and not
necessarily literal transport of individual Aether units.

The spherical AMC line element is

dσ2
A = −dτ2 + (dρ + βA(ρ)dτ)2 + ρ2dΩ2. (20)

Expanding,
dσ2

A = −(1− β2
A)dτ2 + 2βA dτ dρ + dρ2 + ρ2dΩ2. (21)

The native Aether temporal term remains −dτ2. Gravitational deformation is carried by the
temporal-spatial shift βA.

For β2
A = 2GM/(rc2) outside a spherical source, Eq. (20) is the dimensionless Painlevé–Gullstrand

representation of Schwarzschild geometry Painlevé (1921); Gullstrand (1922); Martel and Pois-
son (2001). AMC therefore does not claim discovery of the metric form. Its proposed physical
identification is

Painlevé–Gullstrand shift ←→ normalized Aether length-density strain. (22)

5 Local source equation: length density to space strain

Let ρA denote the effective local source mass density for the Aether deformation and define

ρ̂A = ρAλC
3

ma
. (23)

Spherical accumulation gives
dµA

dρ
= 4πρ2ρ̂A. (24)

Since µA = ρϑA = ρϵA/2,
d

dρ
(ρϑA) = 4πρ2ρ̂A (25)
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and
d

dρ
(ρϵA) = 8πρ2ρ̂A. (26)

Equation (26) is the central AMC length-density-to-space-strain bridge.

In a local source-free region,
ρ̂A = 0, (27)

so
ρϵA = constant, ϵA ∝ ρ−1. (28)

The source can therefore vanish at the photon’s location while the material-space strain remains
nonzero. This is the precise AMC statement behind the proposition that neutrons need not be
physically present where the photon travels: the source establishes a persistent deformation field in
the surrounding Aether fabric.

6 Material-space deformation tensor

At fixed AMC time dτ = 0, Eq. (20) gives

dℓ2
A = dρ2 + ρ2dΩ2. (29)

Thus the constant-τ spatial slices are intrinsically Euclidean in the spherical Painlevé–Gullstrand
representation, while the four-dimensional geometry remains nontrivial through the shift field. In
AMC language, the deformation is therefore carried by how successive material-space slices are
embedded through the full Aether temporal process.

With unit lapse and radial shift βA, the mixed extrinsic-curvature components are, up to the
common overall ADM sign convention,

Kρ
ρ = dβA

dρ
, (30)

Kθ
θ = Kϕ

ϕ = βA

ρ
. (31)

Using βA = √ϵA,

Kρ
ρ = 1

2√ϵA

dϵA

dρ
, (32)

while

Kθ
θ = Kϕ

ϕ =
√

ϵA

ρ
. (33)

For the exterior field ϵA ∝ 1/ρ,
dϵA

dρ
= −ϵA

ρ
, (34)

so

Kρ
ρ = −

√
ϵA

2ρ
, (35)

Kθ
θ = Kϕ

ϕ =
√

ϵA

ρ
. (36)
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Hence the exterior deformation has the universal eigenvalue ratio

Kρ
ρ : Kθ

θ : Kϕ
ϕ = −1

2 : 1 : 1. (37)

This ratio gives a concrete local mechanical meaning to “curved empty space”: source-free Aether is
not undeformed Aether.

A further closure follows from
K = Kρ

ρ + 2Kθ
θ. (38)

Direct substitution yields
K2 −KijKij = 2

ρ2
d

dρ
(ρβ2

A). (39)

Since β2
A = ϵA, Eq. (26) gives

K2 −KijKij = 16πρ̂A. (40)

Equation (40) is the dimensionless AMC form of the flat-slice Hamiltonian source relation. It
is bidirectional: local effective source density determines material-space deformation, while the
deformation tensor reconstructs the effective source density.

7 Photon paths in Aether Metric Coordinates

A photon follows a null path,
dσ2

A = 0. (41)

For radial propagation, Eq. (20) becomes

−dτ2 + (dρ + βAdτ)2 = 0, (42)

so
dρ

dτ
= −βA ± 1 = −

√
ϵA ± 1. (43)

The local propagation condition may be written∣∣∣∣dρ

dτ
+ βA

∣∣∣∣ = 1. (44)

Thus the photon remains locally null at the native permitted rate. The path changes because the
material-space coordinate field is shifted.

For nonradial propagation, the exterior AMC metric is coordinate-equivalent to Schwarzschild
geometry. In the equatorial plane, with u = 1/r, the invariant null-orbit equation can therefore be
written (

du

dϕ

)2
= 1

b2 − u2 + 2GM

c2 u3, (45)

which gives
d2u

dϕ2 + u = 3GM

c2 u2. (46)
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Figure 1: Radial null coordinate rates in AMC. The outgoing coordinate rate reaches zero at
ϑA = 1/2 (ϵA = 1), while the proposed Aether constitutive length-density limit occurs separately at
ϑA = 1 (ϵA = 2). The photon remains locally null; the plotted quantity is the path rate relative to
the shifted AMC coordinates.

The weak-field path deflection is then
∆ϕ ≃ 4GM

bc2 . (47)

AMC therefore reproduces the standard exterior path curvature when its shift is fixed by Eq. (17).
The proposed physical difference lies in the interpretation of the shift as a material-space response
to normalized Aether length density rather than in claiming a different exterior Schwarzschild
trajectory.

8 Two distinct compact-object thresholds

The Schwarzschild radius satisfies
Rs = 2GM

c2 . (48)

At r = Rs,

ϑA = 1
2 , ϵA = 1, βA = 1. (49)

The outgoing radial null path then has

dρ

dτ
= 1− βA = 0. (50)

The horizon is therefore a propagation threshold: the outward native null propagation is exactly
balanced by the inward AMC shift.
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The QMU maximum Aether radial length density instead satisfies

MA/r

ma/λC
= 1, (51)

so
ϑA = 1, ϵA = 2, βA =

√
2. (52)

This is not a metric singularity. The (τ, ρ) block has determinant

det
(
−(1− β2

A) βA

βA 1

)
= −1, (53)

independent of βA. Hence neither ϵA = 1 nor ϵA = 2 makes AMC degenerate. The first is a
null-propagation threshold; the second is an APM constitutive limit supplied by the microscopic
Aether scale ma/λC .

The post-horizon interval is therefore

1
2 < ϑA < 1 ⇐⇒ 1 < βA <

√
2. (54)

AMC gives this interval a direct coordinate meaning without identifying horizon formation with
immediate destruction of the Aether geometry.

9 Neutron-associated length density and the pinching source

Let Mn(< r) be the cumulative neutron-associated gravitational-mass proxy and define

χn(r) = Mn(< r)/r

ma/λC
= GMn(< r)

rc2 . (55)

In dimensionless form, with µn = Mn/ma,

χn(ρ) = µn(ρ)
ρ

. (56)

The local neutron source equation is

d

dρ
(ρχn) = 4πρ2ρ̂n, (57)

where ρ̂n = ρnλC
3/ma.

Outside the neutron-containing region,

d

dρ
(ρχn) = 0, (58)

so
χn ∝ ρ−1. (59)
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This is the mathematical expression of the persistent strain-field idea: the neutron need not be
present at the photon location for the Aether fabric there to retain the radial deformation established
by the integrated source.

The microscopic constitutive bridge is intentionally left in functional form,

ρ̂A = RA[ρ̂n,Gn, Πt] , (60)

where Gn denotes the neutron’s internal QMU geometry and Πt = 1/4 is the half-spin temporal
participation fraction. Equation (60) distinguishes the radial AMC source problem from the local
many-body deformation problem. A universal scalar multiplier is not imposed. The neutron-fold
analysis below now supplies a tested local constitutive coordinate, but it also shows that the
one-to-one registration between neutron equivalent-cell compression and the single-Aether-unit
deformation has a finite domain. A complete neutron-specific response law must therefore explain
both the successful low-compression registration and its dense-matter continuation without fitting
gravitational data.

The working APM interpretation is therefore

neutron internal geometry + half-spin temporal projection
−→ Aether pinching boundary condition −→ ϵA.

Once ϵA is established, Eqs. (26)–(43) propagate the strain and determine the allowed photon paths.

10 EOS reconstruction and neutron length density

Cold neutron-star EOS tables were examined for NL3, DDME-X, and GM1. Stellar sequences were
reconstructed from the thermodynamic tables, and a composition-weighted neutron-associated mass
proxy was formed as

M (ϵ)
n =

∫ R

0
Yn(r) dM(r), Ȳn = M

(ϵ)
n

M
. (61)

The corresponding neutron-associated coordinate is

χn(R) = Ȳnϑc, (62)

and the conventional doubled compactness proxy is

Cn = 2χn. (63)

Across the tested stable sequences, neutron fraction need not increase monotonically with total
compactness, whereas neutron-associated radial length density can continue to increase. This
supports the use of Mn/R rather than neutron fraction alone as the candidate composition variable
for a neutron-specific Aether response.

The maximum stable configurations cluster at ϑc ≃ 0.29–0.31, or ϵA ≃ 0.59–0.62. They therefore
remain below the AMC horizon value ϵA = 1 and far below the proposed constitutive limit ϵA = 2.
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Table 1: Maximum stable configurations in the Stage 2K-C EOS reconstruction. The AMC surface
coordinate is ϑc = GM/(Rc2) and Cn = 2GM

(ϵ)
n /(Rc2).

EOS Mmax/M⊙ Rmax (km) ϑc,max Cn,max

NL3 2.774 13.27 0.308 0.487
DDME-X 2.558 12.38 0.305 0.547
GM1 2.363 11.89 0.294 0.473

11 Neutron-fold to Aether-deformation constitutive test

The EOS reconstruction above concerns a radial stellar source coordinate. A distinct local question
is whether the compression of neutron-rich matter can be registered directly to the independently
derived deformation of a single Aether unit. The Stage-4 neutron surface geometry gives

rn0 = 0.840077655903 fm, Vn0 = 2.483401334974 fm3, (64)

with
Vn0 = 4π

3 r3
n0 (65)

to numerical precision. For neutron number density nn, define the equivalent Wigner–Seitz cell
radius

rWS =
( 3

4πnn

)1/3
. (66)

The normalized many-body cell coordinate is therefore exactly

Dcell = (nnVn0)−1/3 = rWS
rn0

. (67)

This identity is geometrical. It does not by itself impose a hard-sphere packing condition or a
maximum neutron density.

The independently derived single-Aether-unit family is represented by the normalized arc-length
deformation

D(η) = LA(η)
LA(0) , (68)

where
LA(η) =

∫ π

0

√
1 + 4 sin2 θ [1 + η cos(2θ)]2 dθ. (69)

The phase map remains monotonic for 0 ≤ η ≤ 1. At its endpoint,

D(1) = 0.822767275558. (70)

The full positive-η mathematical continuation decreases only slightly farther, reaching

ηmin = 1.05088537, Dmin = 0.822115465507, (71)

after the phase map has already become non-monotonic.

The constitutive hypothesis tested here is the direct registration

D(η) = Dcell. (72)
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No AMC compactness, G, photon-path parameter, or neutron-star fit enters Eq. (67). The EOS
data are used only to ask whether local neutron densities occurring in viable stellar sequences remain
inside the deformation range represented by Eq. (69).

Table 2: Neutron equivalent-cell coordinate compared with the independently derived single-Aether-
unit deformation family. The parameter η is reported only when Dcell lies on the monotonic
0 ≤ η ≤ 1 branch. The SLY4 endpoint is the highest-density supplied table state, not a claimed
TOV maximum.

State M/M⊙ R (km) nn (fm−3) Dcell η Domain

NL3 maximum-stable 2.774 13.291 0.482901 0.941235 0.240 0 ≤ η < 1
GM1-2D maximum-stable 2.364 11.963 0.625728 0.863355 0.618 0 ≤ η < 1
GM1-1D maximum-stable 2.385 12.125 0.648176 0.853270 0.680 0 ≤ η < 1
DDME-X maximum-stable 2.558 12.355 0.674757 0.841916 0.760 0 ≤ η < 1
SLY4 η = 1 crossing 1.873 11.096 0.722973 0.822767 1.000 η = 1 boundary
SLY4 supplied-table endpoint 2.050 9.976 1.067747 0.722484 — outside D(η) family

The four maximum-stable comparison states in Table 2 lie inside the monotonic single-unit de-
formation family. SLY4 provides the decisive domain test. It reaches nn = 0.722972969267 fm−3,
corresponding exactly to Dcell = D(1), at

M = 1.873057765142 M⊙, R = 11.09612536 km. (73)

At this crossing the local TOV slope remains positive, dM/d ln Pc > 0, the tabulated sound speed is
causal, and the pressure, energy density, and baryon density remain monotonic. The supplied SLY4
sequence then continues to nn = 1.067746871408 fm−3, requiring

Dcell = 0.722484044913, (74)

which is below not only D(1) but also the global minimum of the complete positive-η single-unit
family.

The result is a constitutive-domain discovery rather than a failure of either underlying geometry.
Equation (67) remains an exact Wigner–Seitz equivalent-cell identity, and Eq. (69) remains the exact
single-unit deformation family. What fails is their unconditional one-to-one identification throughout
arbitrarily dense nucleonic matter. The registration in Eq. (72) is supported over a substantial
neutron-star density interval but requires a different many-body continuation once the neutron cell
becomes smaller than the deformation range available to a single Aether unit. Quantitatively, the
SLY4 endpoint requires Dcell = 0.722484044913 whereas the complete positive-η single-unit family
bottoms at Dmin = 0.822115465507. Any many-body continuation that reaches this supplied SLY4
state must therefore accommodate at least

1− DSLY4
cell

D
(1 unit)
min

= 0.12118529, (75)

or approximately 12.12% additional radial equivalent-cell compression beyond the minimum repre-
sented by the present single-unit family. This is a boundary condition for the future constitutive
theory, not a fitted correction to D(η).
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Figure 2: Normalized neutron equivalent-cell compression and the domain represented by the single-
Aether-unit deformation family. The exact many-body relation Dcell = (nnVn0)−1/3 continues to
smaller cell radii. The monotonic D(η) family terminates at η = 1; its non-monotonic mathematical
continuation extends only slightly farther. SLY4 crosses the η = 1 boundary while still on the
increasing-mass TOV branch and subsequently requires a cell coordinate unavailable anywhere on
the positive-η single-unit family.
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12 NICER/XMM photon-path test

12.1 Real-data deformation profile

The PSR J0030+0451 NICER/XMM pulse-profile model was modified by introducing a multiplicative
deformation parameter Γ in the stock X-PSI relativistic ray-propagation calculation. The reference
value Γ = 1 represents the undeformed X-PSI path law. The underlying J0030 mass–radius inference
and pulse-profile methodology have been developed independently by the NICER collaboration Riley
et al. (2019); Miller et al. (2019).

Profiling over radius, absorption, instrument normalizations, hotspot geometry, mass, and the
path-deformation parameter exposed significant nuisance and mass–radius degeneracies. In the
tested high-likelihood real-data region, the best profiles repeatedly returned to Γ = 1. Thus the
real J0030 experiment supplied a null result for the introduced deformation: the observations did
not require departure from the stock relativistic path law. Because the many-body constitutive
continuation has not yet produced a parameter-free map from EOS and neutron-cell state to an
AMC photon-path observable, Γ is used here strictly as a phenomenological test coordinate. The
preference for Γ = 1 is therefore a null result for this tested path-law family; it is not, by itself,
a falsification of AMC. A decisive AMC test requires the constitutive theory to predict the path
modification before comparison with an independent pulse-profile data set.

This section deliberately uses photon-path deformation rather than “photon bending.” The photon
remains locally null; Γ modifies the calculated path through the adopted geometry.

12.2 Controlled synthetic recovery

A null result is informative only if the pipeline can recover a non-reference propagation law when
one is actually present. The computational campaign therefore generated controlled synthetic
observations with known injected Γ. Early broad scans exposed optimizer-basin hysteresis, which
could spuriously favor Γ = 1. The final validation used exact gamma values and a common
high-quality nuisance seed.

The authoritative synthetic realization used

Γinj = 0.900 (76)

with Poisson seed 20260904. Five exact values were profiled:

0.9000, 0.9050, 0.9100, 0.9150, 0.9200.

The discrete maximum occurs at Γ = 0.9100. A quadratic interpolation through the three bracketing
points gives

Γ̂ = 0.91081 (77)

with local curvature scale
σΓ ≃ 0.01464. (78)

The injected value is therefore displaced from the local maximum by approximately 0.74 curvature
widths. A five-point quadratic gives Γ̂ = 0.91021 and σΓ ≃ 0.01557, demonstrating stability of the
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Table 3: Stage 2K-I exact-gamma synthetic path-recovery profile. ∆ log L is measured from the
discrete grid maximum.

Γ log L ∆ log L −2∆ log L

0.9000 -44305.47331695 -0.21105044 0.42210088
0.9050 -44305.33948599 -0.07721948 0.15443896
0.9100 -44305.26226651 0.00000000 0.00000000
0.9150 -44305.30165853 -0.03939202 0.07878404
0.9200 -44305.47064497 -0.20837846 0.41675692

Figure 3: Stage 2K-I synthetic path-recovery profile. The five points are independent exact-Γ profile
evaluations. The synthetic path law was generated at Γinj = 0.900.
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peak estimate. Upward and downward traversals converged to the same final profile solutions at
the exact verification values. The secondary-spot nuisance parameters s__phase_shift:HIGH and
s__super_radius:LOW remained on boundaries, so the quoted σΓ is a local curvature descriptor
rather than a formally calibrated confidence interval.

The combined real-data and synthetic result is therefore logically stronger than a pure null detection:
real J0030 profiles return to the undeformed law, while a nearby nonstandard path law can be
recovered by the same numerical machinery when inserted into the data.

13 Relation to the earlier galactic-black-hole formulation

The earlier APM galactic-black-hole formulation introduced a maximum Aether length density, a
curl description, neutron-induced Aether compression, and a composition factor Thomson (2025).
AMC refines that structure by separating four quantities:

1. total normalized radial length density ϑA;
2. the AMC shift-strain scalar ϵA = 2ϑA;
3. neutron-associated source coordinate χn;
4. photon-path geometry determined by the AMC metric.

This separation prevents photon-path curvature, neutron abundance, and the horizon factor of two
from being treated as the same physical quantity.

14 Aether cavitation as a constitutive hypothesis

AMC establishes that the metric itself remains regular at both ϑA = 1/2 and ϑA = 1. The proposed
one-radian Aether limit is therefore not forced by differential geometry; it is a constitutive APM
boundary associated with

MA/r

ma/λC
= 1. (79)

If local stellar compression can drive a region to this limit, the working APM hypothesis is that
the Aether geometry can no longer preserve its material closure and may unravel, releasing the
primordial dark-matter strings that constitute the affected Aether units. A local loss of structural
support could then produce an effective cavitation region. This remains a dynamical hypothesis.
AMC supplies the coordinate and threshold at which such a calculation would have to begin; it
does not itself establish a supernova mechanism.

15 What is new and what is correspondence

The AMC construction contains both known mathematics and proposed new physical interpretation,
and these should be distinguished explicitly.

The following are correspondence results:

1. ϑA = GM/(rc2) is the familiar compactness ratio.
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2. With ϵA = 2GM/(rc2), the AMC exterior metric is Painlevé–Gullstrand Schwarzschild
geometry.

3. The resulting exterior null paths reproduce the standard Schwarzschild photon trajectories.

The proposed AMC contribution is instead the QMU mechanical chain

ma

λC
−→ ϑA −→ ϵA −→ Kij −→ g(A)

µν −→ photon path, (80)

with the native temporal scale retained as Fq
2 and the exterior 1/r field interpreted as persistent

material-space strain. The local neutron-fold test adds the finite-domain registration D(η) = Dcell
of Sec. 11. Its SLY4 counterexample shows that the remaining open constitutive derivation is
specifically the many-body continuation beyond the deformation range of a single Aether unit,
rather than an unconstrained scalar coupling.

16 Falsifiable predictions and next tests

The framework yields several direct tests.

1. Stable neutron-star EOS sequences should satisfy ϵA < 1; the three sequences examined here
peak near ϵA ≃ 0.6.

2. The horizon and Aether constitutive thresholds are distinct: ϵA = 1 is the null-path standoff,
while ϵA = 2 is the QMU maximum radial length-density state.

3. In the exterior spherical field, the AMC deformation tensor should retain the eigenvalue ratio
−1/2 : 1 : 1 wherever the Painlevé–Gullstrand representation applies.

4. The radial source coordinate Mn/r and the local cell coordinate Dcell must remain physically
distinct: the former accumulates stellar source content, while the latter measures local
neutron-cell compression.

5. The tested registration D(η) = Dcell must not be extrapolated beyond the single-unit defor-
mation domain. A microscopic QMU theory must derive the many-body continuation beyond
that domain without fitting gravitational observations.

6. Once that constitutive continuation fixes the effective AMC source response, AMC should
predict a photon-path modification before comparison with an independent pulse-profile
dataset.

7. The X-PSI pipeline must recover injected nonstandard path laws; Stage 2K-I satisfies this
local recoverability requirement for Γinj = 0.900.

17 Discussion

AMC changes the conceptual center of the compact-object construction. The primary result is no
longer simply the identification of GM/(rc2) with a QMU surface-curl coefficient. The compactness
ratio becomes the normalized Aether length-density coordinate from which a shift-strain scalar, a
deformation tensor, and photon-path equations follow.

The use of Painlevé–Gullstrand geometry is particularly compatible with the APM temporal picture
because the lapse can remain unity while gravitation is encoded by the radial shift. In AMC
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language, the full Aether temporal process Fq
2 therefore remains native and intact. Half-spin matter

participates in only one quarter of the total Aether temporal process, but this does not require a
1/4 lapse or a claim that matter runs behind the Aether in time. The distinction instead belongs to
the matter–Aether constitutive sector.

The source equation
d

dρ
(ρϵA) = 8πρ2ρ̂A

provides a simple bridge from local length-density source to material-space strain. Its vacuum
solution ϵA ∝ 1/ρ explains mechanically how nominally empty space can remain deformed after
the local matter density becomes zero. The deformation tensor then assigns a definite anisotropic
pattern to that exterior fabric. In this representation, “curved space” is not a statement that an
empty mathematical background mysteriously changes shape; it is a statement that the Aether’s
spatial slices possess a nonzero temporal-spatial embedding deformation.

The neutron-specific part of the model is now more tightly constrained. The EOS results motivate
Mn/r as a radial source coordinate, while the neutron-fold analysis independently identifies Dcell =
rWS/rn0 as the local many-body compression coordinate. These quantities must not be conflated.
Direct registration of Dcell to the single-unit D(η) succeeds for the tested NL3, DDME-X, and GM1
states but fails as a universal law under SLY4. The remaining theoretical problem is therefore to
derive the many-body continuation that connects local neutron-cell compression to the effective
AMC source after the single-unit deformation range is exhausted.

The observational section likewise has a clearer interpretation. The X-PSI parameter Γ is not an
AMC law and should not be identified directly with ϵA. It is a phenomenological path-deformation
coordinate used to test whether the pulse profiles demand a departure from the stock relativistic
propagation calculation. The real-data null result and successful synthetic recovery together establish
an observational machinery that can later test an independently derived AMC constitutive prediction.
In particular, the present work does not supply a derived map

{EOS, nn,Gn, Πt, . . .} −→ Dmany-body −→ Γ. (81)

Closing this map without fitting the pulse-profile data is the next requirement for turning the
phenomenological Γ search into a parameter-free AMC forecast.

18 Conclusion

Aether Metric Coordinates provide a QMU material-space interpretation of a horizon-regular
Painlevé–Gullstrand geometry. The primitive QMU relations imply

ma

λC
= c2

G
, (82)

so the normalized radial Aether length-density coordinate is

ϑA = MA/r

ma/λC
= GMA

rc2 . (83)

The corresponding AMC shift-strain scalar is

ϵA = 2ϑA = β2
A , (84)
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and the metric is
dσ2

A = −dτ2 + (dρ +
√

ϵA dτ)2 + ρ2dΩ2. (85)

The local source relation
d

dρ
(ρϵA) = 8πρ2ρ̂A (86)

then connects length density to material-space strain, while

K2 −KijKij = 16πρ̂A (87)

connects that strain to the deformation tensor. The source-free exterior retains ϵA ∝ 1/ρ and the
deformation ratio −1/2 : 1 : 1.

Radial photon paths obey
dρ

dτ
= −
√

ϵA ± 1, (88)

so the photon remains locally null while the material-space shift changes its global path. The
Schwarzschild horizon is the propagation threshold ϵA = 1, whereas the QMU maximum Aether
length-density state is the separate constitutive threshold ϵA = 2.

The full-spin Aether retains the native temporal process Fq
2; half-spin matter participates in one

quarter of the total process without being temporally delayed. The local neutron-fold analysis
gives the exact equivalent-cell coordinate Dcell = (nnVn0)−1/3 = rWS/rn0. Its registration to the
independently derived single-unit D(η) describes the tested NL3, DDME-X, and GM1 states, but
SLY4 crosses the η = 1 boundary while still on the increasing-mass TOV branch and continues
below the global minimum attainable by the complete positive-η family. Thus the registration is
finite-domain. At the supplied SLY4 endpoint the many-body theory must represent approximately
12.12% more radial equivalent-cell compression than the minimum available to the present single-unit
family. The next required derivation is therefore a many-body continuation constrained by this
quantitative boundary. The NICER/XMM synthetic recovery campaign independently demonstrates
that a nearby nonstandard photon-path law can be numerically recovered when present, while the
real-data preference for Γ = 1 remains a null test of the phenomenological path-law family until
that constitutive continuation predicts Γ independently.

AMC therefore supplies the missing geometrical bridge sought in this project: source length density
can be mapped into a physical material-space strain field, that field can be represented by a
recognized regular metric, and the metric determines the curvature of photon paths through both
matter-filled and nominally empty space.
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A SI bridge and conventional correspondence

The main derivation is QMU-first. For conventional comparison,

c = λCFq, (89)
ma

λC
= c2

G
, (90)

ϑA = GMA

rc2 , (91)

ϵA = 2GMA

rc2 , (92)

Rs = 2GM

c2 , (93)

χn = GMn

rc2 . (94)

Numerical constants used for SI comparisons may be taken from CODATA 2022 Tiesinga et al.
(2023).

B Painlevé–Gullstrand correspondence

In dimensional coordinates, the exterior AMC metric is

ds2 = −c2dt2 +

dr +

√
2GM

r
dt

2

+ r2dΩ2, (95)

for the inward-shift sign convention. Expanding,

ds2 = −
(

1− 2GM

rc2

)
c2dt2 + 2

√
2GM

r
dr dt + dr2 + r2dΩ2. (96)

This is the Painlevé–Gullstrand form of the Schwarzschild exterior Painlevé (1921); Gullstrand
(1922); Martel and Poisson (2001).

C Stage 2K-I reproducibility record

The final synthetic-recovery validation used Γinj = 0.900 and Poisson seed 20260904. The exact
verification grid was

0.9000, 0.9050, 0.9100, 0.9150, 0.9200.

The machine-readable values are distributed with the project as stage2k_i_exact_gamma_profile.
csv and stage2k_i_exact_gamma_summary.json. The final neutron-fold/Aether-domain prod-
ucts are likewise distributed as final_neutron_cell_results.csv, final_figure_data.csv, and
stage15_summary.txt; the plotted publication figure is retained in both PNG and PDF form under
figures/. These files preserve the numerical values used in Table 2 and Fig. 2. The computational
stopping rule remains that Stage 2K-I is the final synthetic-recovery validation unless manuscript
review identifies a specific unresolved numerical question.
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