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Abstract

We apply the Aether Physics Model (APM) galactic Aether Lagrangian to rotation-curve
phenomenology by treating the scalar field Φ as a length density (unbound-string density) with
dimension [Φ] = mass/length. In the Newtonian, weak-field limit the scalar gradient energy
contributes an effective mass density ρΦ = uΦ/c

2, where uΦ = 1
2 (∇Φ)2 + 1

2m
2
ΦΦ2 [Carroll, 2004,

Poisson and Will, 2014]. Requiring an asymptotically flat circular speed selects a sourced, cored
logarithmic profile Φ′(r) ∝ (r + rc)−1 that yields an analytic halo contribution vΦ(r) with
constant asymptote v∞ [Binney and Tremaine, 2008]. To test the steady-state prediction on
an external system, we ingest SPARC rotation-curve decomposition data for the well-studied
spiral NGC 3198 and construct the predicted total curve using the SPARC baryonic components
plus the APM scalar-halo term [Lelli et al., 2016a, Zschaechner and Rand, 2013]. We also
apply the same halo term to a Milky Way worked example and interpret the mismatch in
the context of the Galaxy’s known non-equilibrium structure (bar, warp, accretion/merger
history, and tracer-dependent systematics), emphasizing that the APM derivation is explicitly
a steady-state, weak-field, approximately spherical-halo result [Bland-Hawthorn and Gerhard,
2016, Eilers et al., 2019, Sofue, 2020]. The construction makes explicit how APM ledger identities
(notably c2 = Au curlref in Gaussian-cgs) enter the mapping between scalar energy density and
gravitational mass density.

Keywords: APM; QMU; galactic rotation curves; scalar length density; Aether Lagrangian; SPARC;
NGC 3198; Milky Way

1 Introduction

Observed galactic rotation curves remain approximately flat beyond the luminous disk, motivating
non-luminous gravitating components in mass models [Sofue and Rubin, 2001, Sofue, 2020, Eilers
et al., 2019]. In the Aether Physics Model (APM), this behavior is recast as an effect of quantized
Aether geometry and the distribution of unbound “dark matter strings” that contribute a spatially
varying length density Φ [Thomson, 2025a]. The goal of this paper is narrow and technical: starting
from the APM galactic Aether Lagrangian, we derive an explicit Newtonian-limit circular-speed
term produced by Φ and show how the requirement of a flat asymptote selects a simple analytic
profile.

We emphasize unit hygiene. Several identities are naturally expressed in Gaussian-cgs in the APM
ledger (e.g., c2 = Au curlref where Au is dimensionless in Gaussian-cgs), while SI/MKS uses a
dimensional Au and must not inherit the cgs form verbatim [Thomson, 2025b]. Numerical work in
the examples is carried out in conventional astrophysical units (kpc, km/s, M⊙) for rotation-curve
modeling, with explicit bridges back to QMU identities where they carry the physics.

A second, practical motivation is methodological: no single galaxy is perfectly “clean.” The APM
derivation below is a steady-state result. It is therefore important to test it on a comparatively
regular external spiral (where a steady-state approximation is closer to reality) and then to contrast
that behavior with the Milky Way, which is structurally complex and widely modeled with tracer-
dependent systematics [Bland-Hawthorn and Gerhard, 2016, Eilers et al., 2019]. This paper is
written to make that distinction explicit rather than to imply that any one analytic term can
perfectly encode a chaotic assembly history.
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2 Data sources and analysis conventions

2.1 Stable-galaxy test case: SPARC ingestion for NGC 3198

To evaluate the APM halo term on a widely used external spiral, we ingest the SPARC rotation-curve
decomposition product for NGC 3198 [Lelli et al., 2016a,b]. The SPARC “rotmod” files provide,
as a function of radius, the observed circular speed vobs(R) with uncertainty, and the baryonic
decomposition components (gas, disk, bulge) expressed directly as velocity contributions. In this
manuscript we adopt those baryonic components as given and define the baryonic speed as

v2
bar(R) = v2

gas(R) + v2
disk(R) + v2

bul(R), (1)

so that the total model becomes

v2
model(R) = v2

bar(R) + v2
Φ(R). (2)

This is a mainstream decomposition workflow: the new element is that vΦ(R) is not an empirical
halo profile but the closed-form APM scalar-halo term derived from the Aether Lagrangian in
Section 4.

NGC 3198 is a benchmark rotation-curve system with regular H i kinematics and an extended disk;
its distance is often taken as D ≃ 13.8 Mpc from Cepheids [Zschaechner and Rand, 2013, van
Albada et al., 1985].

2.2 Milky Way comparison case and the role of non-equilibrium structure

The Milky Way is observationally rich but dynamically complex: non-axisymmetry (bar/spiral
structure), warp/flare, accretion debris, and tracer-dependent systematics all complicate a strict
steady-state interpretation [Bland-Hawthorn and Gerhard, 2016, Sofue, 2020, Eilers et al., 2019].
For that reason, we treat the Milky Way as a contrast case: we apply the same APM halo term to a
representative rotation-curve segment and interpret the residuals as evidence of non-equilibrium
structure and model limitations (not as a failure of the APM derivation itself, which is explicitly
steady-state).

2.3 Halo-required diagnostic (used consistently in both examples)

To separate “what baryons already explain” from “what the halo term must supply,” we define a
halo-required speed

vhalo,req(R) =
√

max
(
v2

c,obs(R) − v2
bar(R), 0

)
. (3)

This diagnostic is a bookkeeping tool used for parameter inference and residual interpretation; it
does not introduce a new physical assumption beyond the standard quadrature decomposition.
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3 QMU ledger anchors and the galactic Aether Lagrangian

The APM/QMU ledger identities used in the galactic Lagrangian include

c = λCFq, (4)

G = λC
3Fq

2

ma
, (5)

Ξ ≡ ma

ea
2 = me

eemax2 = mg

eg
2 , (6)

curlref = eemax
2

meλC
, (7)

c2 = Au curlref (Gaussian-cgs statement), (8)
qgal = mg λC

3Fq. (9)

These relations are presented explicitly in the APM galactic-black-hole Lagrangian construction
and supply the dimensional closure needed to interpret the couplings [Thomson, 2025b,a].

In the same construction, the scalar field Φ is defined as a galactic length density with

[Φ] = mass length−1. (10)

The covariant Lagrangian density is (Gaussian-cgs normalization)

L = 1
16πGR+ κGΦ2R− 1

4Au
FµνF

µν + 1
2g

µν∂µΦ ∂νΦ − 1
2m

2
Φ Φ2

+ αAuAµA
µΦ2 + β

8π qgal ΦFµνF
µν , (11)

with action S =
∫
d4x

√
−gL and Fµν = ∂µAν − ∂νAµ [Thomson, 2025b].

For rotation-curve phenomenology far from compact objects we adopt a minimal limit: static,
weak-field, slow-motion; negligible Aether electromagnetic terms in the stress-energy budget; and a
scalar configuration dominated by spatial gradients on galactic scales. Under these assumptions the
scalar sector contributes an effective energy density that gravitates in the Newtonian limit.

4 Newtonian limit and an analytic scalar-halo rotation term

4.1 Poisson equation with scalar effective density

In a weak field we write g00 ≃ −
(
1 + 2ψ/c2)

, where ψ is the Newtonian potential. To leading order
the metric field equation reduces to a Poisson equation sourced by baryons plus the scalar-sector
energy density [Carroll, 2004, Poisson and Will, 2014],

∇2ψ ≃ 4πG (ρb + ρΦ) , (12)

with
ρΦ ≡ uΦ

c2 , uΦ = 1
2 (∇Φ)2 + 1

2m
2
ΦΦ2. (13)
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The explicit division by c2 is the bridge from energy density to gravitating mass density. In QMU
ledger language, this same bridge can be written using the cgs identity c2 = Au curlref as

ρΦ = uΦ
Au curlref

(Gaussian-cgs bookkeeping). (14)

This makes the role of the Aether normalization Au and the reference curl explicit at the level where
gravitational mass is inferred from scalar energy.

4.2 Profile selection from the flat-curve condition

Assume spherical symmetry for the halo-scale scalar field, Φ = Φ(r), so that

uΦ(r) = 1
2

(
dΦ
dr

)2
+ 1

2m
2
ΦΦ(r)2. (15)

A flat circular-speed asymptote requires an effective density ρΦ ∝ r−2 at large radius, because then
the enclosed mass grows linearly, MΦ(r) ∝ r, and v2(r) = GM(r)/r → const [Binney and Tremaine,
2008, Sofue and Rubin, 2001]. In the massless limit mΦ → 0 this is achieved by

dΦ
dr

= Φ0
r + rc

, (16)

which integrates to the cored logarithmic profile

Φ(r) = Φ0 ln
(

1 + r

rc

)
+ Φ(0). (17)

This is not asserted as a vacuum solution; rather, it is the minimal profile that (i) is finite at the
origin for rc > 0 and (ii) produces the correct asymptotic scaling for a flat curve through Eq. (13).
With Eq. (16), the scalar effective density becomes

ρΦ(r) = 1
2c2

( Φ0
r + rc

)2
. (18)

4.3 Closed-form halo mass and halo rotation curve

The enclosed scalar mass is

MΦ(r) = 4π
∫ r

0
ρΦ(r′) r′2 dr′ = 2πΦ2

0
c2

[
r + rc − r2

c

r + rc
− 2rc ln

(
1 + r

rc

)]
. (19)

Therefore the scalar contribution to the circular speed is

v2
Φ(r) = GMΦ(r)

r
= v2

∞

[
1 + rc

r
− r2

c

r(r + rc)
− 2rc

r
ln

(
1 + r

rc

)]
, (20)

where the asymptotic speed is

v2
∞ = 2πGΦ2

0
c2 ⇐⇒ Φ0 = c v∞√

2πG
. (21)

Equation Eq. (20) is the analytic APM halo term used in the remainder of the paper.
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4.4 The implied scalar source term

In the same spherical, static, massless limit, the scalar equation becomes ∇2Φ = S(r) for some
source S(r) representing the unbound-string distribution. With Eq. (16),

∇2Φ = 1
r2

d

dr

(
r2dΦ
dr

)
= Φ0

r + 2rc

r(r + rc)2 . (22)

Thus, the rotation-curve model corresponds to a specific, testable source form for the unbound-string
sector. This is the cleanest point of contact with APM microphysics: once S(r) is predicted from a
baryon+environment model, the rotation curve becomes a derived consequence rather than a fitted
profile.

5 Parameter inference without “form fitting”

The APM derivation yields a closed-form vΦ(r) with two physically interpretable parameters: a
transition scale rc (where the sourced Φ profile turns on) and an asymptotic normalization v∞
(set by Φ0 through Eq. (21)). For any chosen rc, the optimal v∞ that matches the halo-required
diagnostic in a weighted least-squares sense is available in closed form.

Define the dimensionless shape function (the bracket in Eq. (20)) as

B(R; rc) = 1 + rc

R
− r2

c

R(R+ rc)
− 2rc

R
ln

(
1 + R

rc

)
, (23)

so that v2
Φ(R) = v2

∞B(R; rc). Using Eq. (3), we compute a target halo-required squared speed
v2

halo,req(Ri) and solve

v2
∞(rc) =

∑
iwi v

2
halo,req(Ri)B(Ri; rc)∑
iwiB2(Ri; rc)

, wi = σ−2
v,i , (24)

which introduces no new empirical profile family: it is the unique normalization of the APM halo
term for a specified rc. The only remaining nonlinearity is the single transition scale rc, which we
determine by minimizing the total χ2 of vmodel(R) (or, when appropriate, in angular-speed space).

This is the level at which astrophysical inference enters: the APM provides the shape and the
steady-state scaling; the galaxy provides boundary conditions and the transition radius at which
the sourced Φ sector becomes dynamically dominant.

6 Worked example I: NGC 3198 (SPARC) as a steady-state spiral

We now apply the analysis pipeline to NGC 3198 using SPARC decomposition velocities [Lelli et al.,
2016a,b]. The baryonic speed is computed by Eq. (1) and the APM halo term by Eq. (20) with
R ≃ r (standard spherical-halo midplane approximation). We infer (rc, v∞) using the closed-form
normalization Eq. (24) plus a one-dimensional search over rc.

For the specific ingested SPARC rotmod dataset used here (distance header: 13.8 Mpc), the resulting
parameters are

rc ≈ 12.26 kpc, v∞ ≈ 223.7 km s−1, (25)



7 WORKED EXAMPLE II: MILKY WAY AS A NON-EQUILIBRIUM CONTRAST CASE 6

which yield a total curve that tracks the observed flattening across the measured radial range. The
values in Eq. (25) should be interpreted in the APM language as a transition scale for the sourced
unbound-string sector and a normalization set by the scalar length-density amplitude Φ0 through
Eq. (21).
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Figure 1: NGC 3198 test case using SPARC decomposition velocities. The APM contribution vΦ is
the closed-form scalar-halo term Eq. (20); baryons are taken directly from SPARC components via
Eq. (1) [Lelli et al., 2016a].

7 Worked example II: Milky Way as a non-equilibrium contrast
case

For a Milky Way comparison, we keep the same APM halo term Eq. (20) and the same decomposition
logic Eq. (2) but emphasize interpretation: the Milky Way is not an ideal steady-state laboratory.
The inner Galaxy is bar-dominated and non-axisymmetric; the outer disk is warped and flared;
and multiple tracer families yield subtly different inferred curves and systematics [Bland-Hawthorn
and Gerhard, 2016, Sofue, 2020, Eilers et al., 2019]. In addition, the Milky Way has a complex
accretion/merger history and ongoing satellite interactions, so an exactly “neat” analytic prediction
is not expected.

We therefore present a representative radial segment as a worked pipeline demonstration and
interpret deviations as signatures of dynamical complexity rather than as an instruction to abandon
the steady-state APM derivation.
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Figure 2: Milky Way representative segment plotted with the same styling and decomposition
logic as the NGC 3198 test. Here the APM term is a steady-state spherical-halo result; residual
structure is interpreted as evidence that the Milky Way is not a single clean steady-state spiral,
but a dynamically complex assembly with non-axisymmetry and tracer-dependent systematics
[Bland-Hawthorn and Gerhard, 2016, Eilers et al., 2019].

8 Discussion: what is “first principles” in a galaxy?

The APM contribution in Eq. (20) is not a phenomenological halo profile chosen from a family of
empirical forms; it is the closed-form rotation term implied by a scalar kinetic energy density in
the Aether Lagrangian together with a physically motivated scaling requirement (flat asymptote)
[Binney and Tremaine, 2008]. In that sense, the derivation is first-principles at the level where the
field content and stress-energy are specified.

A galaxy, however, supplies boundary conditions and a source function. Even in standard astrophysics,
the halo normalization and core/transition scale are inferred rather than predicted ab initio because
the distribution function, accretion history, and non-equilibrium structure vary from system to
system [Sofue and Rubin, 2001, Binney and Tremaine, 2008]. In the APM language, the same
point becomes sharper: the sourced scalar field is the unbound-string sector, and its source S(r) in
Eq. (22) is an astrophysical input that depends on environment, assembly history, and baryon–Aether
coupling pathways.

This provides a natural interpretation for the “why no perfect Milky Way equation” insight: the
Milky Way is not a single equilibrated spiral described by one smooth S(r). It is a superposition of
components at different dynamical ages (thin+thick disk, bar, streams, satellites), each of which can
perturb the effective scalar source and violate the steady-state assumptions built into the analytic
reduction [Bland-Hawthorn and Gerhard, 2016].
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NGC 3198, in contrast, functions as a steadier laboratory for a first-pass equilibrium test: SPARC
supplies a consistent baryonic decomposition and a well-sampled rotation curve, allowing the APM
halo term to be applied with minimal additional modeling choices [Lelli et al., 2016a, Zschaechner
and Rand, 2013].

9 Falsifiable extensions

Two immediate falsifiable extensions follow directly from the Lagrangian structure.

(i) Yukawa cutoff from mΦ ̸= 0. A nonzero scalar mass adds uΦ ⊃ 1
2m

2
ΦΦ2, suppressing ρΦ at

large radius and producing an outer decline [Carroll, 2004]. In observational terms, mΦ becomes
a halo-edge parameter to constrain galaxy-by-galaxy. The NGC 3198 curve is a suitable testbed
because its outer portion is well sampled; the Milky Way outer curve is also informative but more
sensitive to tracer systematics.

(ii) Aether electromagnetic imprint in magnetized or polarized environments. Although
the EM–Aether couplings are negligible for the bulk rotation curve, the same terms αAuAµA

µΦ2

and (β/8π)qgalΦFµνF
µν can produce polarization/helicity signatures in regions of high Φ and strong

fields, motivating joint fits of dynamics plus polarization observables where available [Beck, 2016,
Lyutikov et al., 2005].

(iii) Bipolar-trumpet torsion reciprocity as a sourced correction channel. The bipolar-
trumpet coil toy model for black-hole torsion filaments and polar jets supplies a concrete mechanism
class for decomposing the scalar source S(r) into reciprocal phases tied to magnetic (filamentary)
and electrostatic (jet-like) pathways [Thomson III, 2025b, Thomson, 2025b]. In galaxies with strong
central activity, the same decomposition can be encoded as

S(r) = Sbase(r) + Stors(r), (26)

where Sbase corresponds to the equilibrium unbound-string sourcing implied by Eq. (22), and Stors is
a compact-region correction that couples to organized torsion channels seeded by the central engine
(accretion-disk magnetospheres and jets) [Blandford and Znajek, 1977, Blandford and Königl, 1979].
In practice, this extension is falsifiable in two ways: (a) by identifying galaxy subsamples where
jet/magnetism diagnostics are strong and checking whether residuals correlate with those diagnostics,
and (b) by fitting Stors in a constrained functional family derived from the trumpet-coil reciprocity,
then testing for transferability across galaxies with comparable central states [Thomson III, 2025b].

Finally, the profile-to-source mapping Eq. (22) remains the primary “equation-of-state” placeholder
for the unbound-string sector. If S(r) can be predicted from baryonic structure and environment,
the APM rotation curve becomes predictive rather than merely descriptive.
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