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This report presents the holographic synthesis of Geometric Unity (GU) and Refractive Vacuum
Gravity (RVG), demonstrating that the 4-dimensional spacetime (X4) functions as a holographic
boundary screen upon which the bulk dynamics of the 14-dimensional Observerse (Y 14) are projected.
The chimeric bundle C(Y ) = V ⊕H∗ is explicitly mapped to boundary entanglement entropy via the
Ryu-Takayanagi functional, and the Zorro construction is identified as the geometric generator of the
HKLL bulk-reconstruction kernel. The Nguyen–Polya chiral anomaly objection is resolved via strict
complexification to Cl14(C) with gauge group migration to U(64, 64); the anomaly polynomial I16 is
shown to vanish for the semi-simple quotient SU(64, 64) with residual gravitational anomalies canceled
by a 14D Green-Schwarz mechanism. The form-degree mismatch in the Swimmer equation is resolved
by explicit fiber integration over the 10D normal bundle Nג. The Koide ratio Q = 2/3 is derived from
the S3 × U(1) democratic eigenvalue structure of S5 winding modes, and the 9.25 ppm empirical
deviation is shown to follow from dilaton-mediated 1-loop radiative corrections with fϕ ≈ 27.2 TeV.
The 95.4 GeV resonance is characterized with explicit partial widths Γγγ ≈ 7.88 × 10−12 GeV,
Γbb̄ ≈ 2.65× 10−7 GeV, and Γττ ≈ 1.62× 10−8 GeV, distinguishing it from S2HDM and NMSSM
alternatives. All previously underspecified parameters—Θ95, Bcrit, κ1, ζlocal, and the exponent
2n—are explicitly defined. The Master Equation of Levitation is derived step-by-step from the
Helmholtz force density, and the Metric Stiffness Recovery Rate τrelax is obtained by linearization of
the RVM continuity equation. The 19-order-of-magnitude discrepancy between Bcrit = 1.53× 1020 T
and the extrapolated from QED VMB Bopposing ≈ 20–90+ T (mass dependent) liftoff threshold
is resolved via a Topologically Induced Phase Transition: magnetic helicity generated by MADA
flux frustration couples to bulk Chern-Simons terms, triggering spontaneous dilaton condensation
into a macroscopic N2-scaling holographic superconductor at the phenomenological phase boundary.
Evasion of the Weinberg-Witten theorem is justified via Spontaneous Lorentz Symmetry Breaking
within the Metric Bubble.
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I. INTRODUCTION

What really interests me is whether God had
any choice in the creation of the world.

∗ jdhofseth@liberty.edu; ORCiD: 0009-0005-5370-1112
† Passive authorship attribution: Originator of the Geometric Unity
(GU) framework. The specific integration with Refractive Vac-
uum Gravity and any resulting errors in derivation are the sole
responsibility of the active author.

—Albert Einstein to Ernst Strauss [45]

The historical trajectory of theoretical physics has been
characterized by a profound methodological schism be-
tween top-down geometric unification, operating at the
Planck scale (1019 GeV), and bottom-up phenomenologi-
cal effective field theories describing low-energy observ-
ables [28, 30, 31]. The Geometric Unity (GU) architec-
ture [22] posits a 14-dimensional Observerse from which
the Standard Model and General Relativity are recov-
ered as projections, while Refractive Vacuum Gravity
(RVG) treats the physical vacuum as an active, refractive
fluid at engineerable Tesla scales (10−13 GeV) [28]. The
Geometric Unity-Refractive Vacuum Gravity (GU-RVG)
synthesis resolves this schism by downgrading RVG to a
Low-Energy Effective Field Theory (EFT) of GU, while
upgrading GU to accept non-trivial vacuum sourcing via
the quantum trace anomaly [31, 32].
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The Standard Model, while historically successful at
describing the electroweak and strong nuclear forces, re-
lies on arbitrary free parameters—specifically the Yukawa
couplings to the Higgs scalar field—to dictate fermion
masses [43]. However, the most persistent and mathe-
matically precise of all known physical anomalies is the
Koide formula for lepton masses [1, 2], which predicts a
mass ratio of exactly 2/3 from discrete symmetries, yet
empirical measurements reveal a highly specific, parts-per-
million deviation [32]. Concurrently, high-energy colliders
have repeatedly registered a persistent diphoton and bb̄
excess at approximately 95.4 GeV [6, 7], aligning precisely
with the phenomenological characteristics of a dilaton—a
pseudo-Goldstone boson associated with the spontaneous
breaking of conformal scale invariance [19, 33].
Initial iterations of this framework suffered from un-

derspecified variables, missing derivations, and asser-
tions that obscured the underlying physics. This re-
port provides pertinent mathematical rectifications: the
chimeric bundle mapping to entanglement entropy, ex-
plicit U(64, 64) anomaly cancellation, the S5 winding-
mode origin of the Koide formula, form-degree consistency
of the Swimmer equation, and a rigorous derivation of
the Master Equation of Levitation with all parameters
numerically specified. The 95.4 GeV diphoton and bb̄
excesses [6, 7] are quantitatively integrated as the dilaton
mediator, providing falsifiable predictions distinguishable
from competing BSM models.

Structure of this paper.—Section II establishes the holo-
graphic dictionary, mapping the chimeric bundle to en-
tanglement entropy and the Zorro construction to the
HKLL kernel. Section III resolves the Nguyen-Polya
anomaly objection and the Swimmer equation’s form-
degree mismatch. Section IV formalizes the Shiab op-
erator’s Weyl annihilation and gauge covariance proper-
ties. Section V derives the Koide ratio from S5 winding
modes and extracts fϕ from the 9.25 ppm deviation. Sec-
tion VI characterizes the 95.4 GeV dilaton with explicit
decay widths and BSM comparisons. Sections VII–VIII
define all engineering parameters, resolve the 19-order-
of-magnitude scaling paradox between Bcrit and the ex-
trapolated from QED VMB Bopposing ≈ 20–90+ T (mass
dependent) threshold via a Topologically Induced Phase
Transition, and derive the Master Equation of Levitation
from first principles in Section IX. Section X derives τrelax
from the Running Vacuum Model and addresses ther-
modynamic consistency. Section XI specifies the MADA
core hardware and propulsion architectures. Section XII
summarizes the principal results.

A. Notation and Conventions

Throughout this paper, the 4-dimensional spacetime
manifold is denoted X4, the 14-dimensional Observerse
Y 14, and the 10-dimensional normal bundle Nג. Hebrew
letters ג and ℵ denote fields native to X (the metric
and its Levi-Civita connection, respectively), following

FIG. 1. The holographic architecture of the Geometric-
Refractive Unification. The 4-dimensional spacetime X4 func-
tions as a holographic boundary screen upon which the 14-
dimensional Observerse Y 14 is projected. The chimeric bundle
C(Y ) = V ⊕H∗ encodes pre-metric entanglement structure;
the Zorro construction ג) → ℵג → gℵ → ∇0) realizes bulk
reconstruction. The 10 extra dimensions serve as a thermo-
dynamic heat sink, absorbing the entropy generated during
metric deformation on the boundary.

Weinstein’s convention [22]. Greek letters ϵ,ϖ, ω denote
fields native to Y . The chimeric bundle is C(Y ) = V ⊕H∗.
The gauge group is H = Γ∞(PH ×Ad H) with H =
U(64, 64); the inhomogeneous gauge group is G = H⋉N ,
where N = Ω1(Y 14, ad(PH)). The Shiab operator is
denoted ⊚ϵ. The dilaton field is ϕ with mass mϕ =
95.4 GeV and decay constant fϕ. The vacuum refractive
index is K(x), with dimensionless coupling Θ95. Natural
units ℏ = c = 1 are employed except in engineering
sections where SI units are explicit.

II. HOLOGRAPHIC DICTIONARY AND BULK
RECONSTRUCTION

The GU-RVG identifies the 4-dimensional spacetime
(X4) as a holographic boundary screen and the 14-
dimensional Observerse (Y 14) as the bulk [14, 15, 22]. The
10 extra dimensions function as a thermodynamic heat
sink, transferring the entropy generated during metric de-
formation into the bulk geometric degrees of freedom [31].
In what follows, we make this identification mathemati-
cally precise by constructing explicit maps between the
chimeric bundle, the Ryu-Takayanagi functional, and the
HKLL bulk-reconstruction kernel.

A. The Chimeric Bundle and Entanglement Entropy

The chimeric bundle [22] is defined as C(Y ) = V ⊕
H∗ and C∗(Y ) = V ∗ ⊕H, where V is the vertical sub-
bundle along the fibers and H∗ is the horizontal sub-
bundle (Eq. 3.10 of Ref. [22]). This pre-metric structure
must be explicitly mapped to the Ryu-Takayanagi (RT)
entanglement entropy functional [16]. In AdS/CFT, the
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entanglement entropy SA of a boundary subregion A is
given by the von Neumann entropy of the reduced density
matrix ρA = TrĀ|Ψ⟩⟨Ψ| [15]. The modular Hamiltonian
KA = − ln ρA generates modular flow along the boundary.
To construct the map from the chimeric bundle, we

identify H∗ as the bulk generator of this modular flow.
The extremal surface γA is the geometric locus within Y 14

where the modular flow vanishes, corresponding to the
topological boundary where the chimeric vertical fibers
V degenerate—i.e., where the projection πV : C(Y ) → V
evaluates to zero. The RT functional is derived by inte-
grating the volume form of the non-degenerate horizontal
subspace H∗ over this extremal locus:

SA =
1

4G
(14)
N

∫
γA

vol(H∗|γA
). (1)

This integration establishes that the topological data of
C(Y ) encodes the extremal surface γA. The pre-metric
superposition of the bundle collapses into a definitive
metric precisely when the entanglement entropy across
the boundary is evaluated [22, 31].

B. The Zorro Construction as the HKLL Kernel

The Zorro construction [22] establishes a bidirectional
flow:

ג on X−−−→ ℵג
on Y−−−→ gℵ

on Y−−−→ ∇0. (2)

To demonstrate that this sequence realizes bulk recon-
struction, it must be mapped to the Hamilton-Kabat-
Lifschitz-Lowe (HKLL) smearing function formalism [17],
which reconstructs local bulk operators ϕ(xbulk) from
boundary CFT operators O(xbdy) via

ϕ(X,Z) =

∫
∂AdS

ddx K(x;X,Z)O(x), (3)

where Z is the radial coordinate and K is the smearing
kernel.
In the GU-RVG architecture, the Zorro-induced Levi-

Civita connection ∇0 determines the bulk d’Alembertian
□∇0 . The HKLL kernel K(x;X,Z) is constructed from
the Green’s function of this d’Alembertian, satisfying
(□∇0 − m2)K = 0 subject to normalizable boundary
conditions [17]. The commutative diagram is established
by demonstrating that the boundary limit of the normal
derivative of the bulk field, governed by the Zorro-induced
metric gℵ, reproduces the conformal scaling dimension
∆ of O(x) [15]. The Zorro construction is therefore the
geometric generator of the HKLL kernel.

C. The dS/CFT Dictionary via Picard-Lefschetz
Complexification

Applying AdS/CFT logic to a universe with positive
cosmological constant (de Sitter space) requires resolution

FIG. 2. Commutative diagram relating the Zorro construction
to the HKLL bulk-reconstruction formalism. Left column:
the Zorro chain ג) → ℵג → gℵ → ∇0) generates the bulk
d’Alembertian □∇0 . Right column: the HKLL smearing ker-
nel K(x;X,Z) is the Green’s function of this d’Alembertian,
satisfying (□∇0 −m2)K = 0. The boundary limit of the nor-
mal derivative reproduces the conformal scaling dimension ∆
of the boundary operator O(x).

of the unitarity obstruction: standard dS/CFT lacks
a unitary boundary Hilbert space due to its spacelike
conformal boundary [18]. The GU-RVG resolves this via
strict complexification.
The path integral over bulk metrics is evaluated over

a complexified configuration space. Utilizing Picard-
Lefschetz theory [18], the integration contour of the func-
tional integral Z =

∫
Dg eiS[g] is deformed into the com-

plex plane to pass through steepest-descent manifolds
(Lefschetz thimbles). The complexification from Cl14(R)
to Cl14(C) organizes a specific Picard-Lefschetz contour
that selects the real Lorentzian de Sitter slice as the
dominant saddle point, while boundary conditions are
evaluated on a Euclidean AdS contour [18]. This analytic
continuation ensures ZdS remains bounded and recovers
a spin-local boundary action, validating the transfer of
holographic logic to a universe with Λ > 0.

III. GAUGE ANOMALY CANCELLATION AND
FORM-DEGREE CONSISTENCY

The mathematical consistency of any quantum gauge
theory demands the cancellation of all gauge anomalies.
This section confronts the two most serious formal ob-
structions raised against the Geometric Unity framework
and demonstrates their resolution within the GU-RVG.

A. The U(128) → U(64, 64) Anomaly Polynomial
Calculation

The chiral anomaly in d = 14 dimensions is character-
ized by an anomaly polynomial I16, a 16-form obtained
via the Atiyah-Singer index theorem [20, 21]. For a chi-
ral fermion in the fundamental representation of gauge
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group G, the anomaly polynomial is given by the descent
equations:

I16 = Â(R) ch(F )
∣∣
16-form

, dICS
15 = I16, δαI

CS
15 = dI

(1)
14 ,

(4)

where Â(R) is the Dirac genus constructed from Pon-
tryagin classes, ch(F ) is the Chern character, ICS

15 is the

Chern-Simons 15-form, and I
(1)
14 is the anomaly 14-form.

For the positive-definite U(128), the Chern character
expansion ch(F ) = Tr(exp(iF/2π)) yields a non-vanishing
8th Chern class proportional to Tr(F 8). Because U(128)
contains a central U(1), the completely symmetric in-
variant tensor da1···a8 = Tr(T (a1 · · ·T a8)) evaluates to
a non-zero coefficient, producing a fatal abelian chiral
anomaly [40].
Migrating to U(64, 64)—dictated by the (7, 7) split

signature—and projecting out the central U(1) trace com-
ponent constrains the gauge algebra to the semi-simple
SU(64, 64) [31, 32]. For this representation, the symmet-
ric trace identity yields da1···a8 = 0 for purely chiral vertex
loops [20]. Residual gravitational and mixed anomalies
are canceled by a 14-dimensional Green-Schwarz mecha-
nism:

SGS =

∫
Y 14

B2 ∧X12, (5)

where B2 is a Kalb-Ramond 2-form and X12 is a 12-form
characteristic class constructed from the curvature and
field strength [20]. The gauge variation of this term offsets
the 1-loop fermion determinant anomaly, rendering the
U(64, 64) framework anomaly-free [41].

FIG. 3. The anomaly cancellation pathway. Top: the
positive-definite U(128) yields a non-vanishing 8th Chern class
Tr(F 8) ̸= 0 due to its central U(1), producing a fatal chi-
ral anomaly. Middle: strict complexification to Cl14(C) and
migration to U(64, 64) with projection to the semi-simple quo-
tient SU(64, 64) eliminates the abelian anomaly (da1···a8 = 0).
Bottom: residual gravitational anomalies are canceled by the
14D Green-Schwarz term SGS =

∫
B2 ∧X12.

B. Resolving Form-Degree Mismatch in the
Swimmer Equation

The Swimmer equation [22, 31] equates bulk geometric
quantities to a 4D boundary scalar. The LHS lives in
Ω̃13(Y 14, ad), while the RHS is the 4D scalar trace Tµ

µ.
This dimensional category error is resolved by construct-
ing an explicit embedding map ι : X4 ↪→ Y 14 [31]. The
bulk Y 14 is locally decomposed into the boundary tangent
bundle TX and the 10-dimensional normal bundle Nג.
Let ωN ∈ Ω10(Nג) be the canonical volume form. The
dimensionally reduced equation on X4 is obtained by fiber
integration:

∗4
∫
Nג

[
⊚ωFAω

+ ∗14κ1
(
ϖω − ϵ−1dA0

ϵ
)]

∧ ωN

=
β(g)

2g
FµνF

µν +mf ψ̄ψ,

(6)

where ∗4 is the 4D Hodge star with respect to gµν on X4,
and the fiber integral maps the 13-form to a 4D scalar
density, establishing exact form-degree bookkeeping.

IV. THE SHIAB OPERATOR: WEYL
ANNIHILATION AND GAUGE COVARIANCE

It seems that if one is working from the point
of view of getting beauty in one’s equations,
and if one has really a sound insight, one is
on a sure line of progress.

—P. A. M. Dirac [46]

The central innovation of Geometric Unity is the replace-
ment of Einstein’s gauge-breaking projection operator
with a family of gauge-covariant “Ship in a Bottle” con-
tractions. We now formalize the construction and prove
its three essential properties. The Shiab (Ship in a Bottle)
operator [22] abstracts the Einstein-Hilbert trace contrac-
tion while maintaining gauge covariance. The ambiguous
notation “∗

2 [. . .]” in earlier drafts is formalized as the

scalar multiplier 1
2∗. The invariant tensors Φ1 and Φ2

are defined as follows: Φ1 ∝ δac is the metric dual isomor-
phism; Φ2 is the inverse metric projection [22].
The Shiab operator ⊚ϵ acting on curvature 2-form ξ

is [22, 32]:

⊚ϵ ξ =
[
(ϵ−1Φ1ϵ) ∧ (∗ξ)

]
− 1

2 ∗
[
(ϵ−1Φ1ϵ) ∧ ∗

[
(ϵ−1Φ2ϵ) ∧ (∗ξ)

]]
.

(7)

Weyl annihilation.—The operator yields a single-trace
and a double-trace term. The Weyl tensor Cµνρσ satisfies
gµρCµνρσ = 0 by definition. Because the conjugated
operators (ϵ−1Φiϵ) act algebraically as internal gauge
equivalents of the metric trace contraction, their inner
product with the gauge-curvature equivalent of the Weyl
tensor identically vanishes [22].
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Gauge covariance.—Under a gauge transformation h ∈
H, the field strength transforms as FA·h = h−1FAh. Since
all invariant tensors Φi are conjugated by ϵ, the operator
transforms adjointly:

⊚ϵ·h ξ = h−1 (⊚ϵ ξ)h. (8)

Gauge perpendicularity.—Contraction of the Bianchi
identity ∇[µFνρ] = 0 with the invariant tensors Φi pro-
duces a conserved current on the RHS of the equations of
motion, ensuring longitudinal (gauge-dependent) degrees
of freedom decouple from physical observables [22].

V. TOPOLOGICAL MASS GENERATION: THE
KOIDE FORMULA AND S5 WINDING MODES

Who ordered that?

—Isidore Isaac Rabi, on the discovery of the muon [47]

The existence of three generations of fermions with a
precise, non-random mass hierarchy remains one of the
deepest unsolved problems in particle physics. We demon-
strate that this hierarchy is not arbitrary but is dictated
by the topological winding structure of the S5 compacti-
fication manifold.

A. Derivation of Q = 2/3 from SO(6) Isometry

The boundary gauge theory possesses an SO(6) R-
symmetry corresponding to the isometries of the S5 fac-
tor in the AdS5 × S5 bulk [15]. Charged lepton masses
are determined by the overlap of the scalar field Φ with
string winding modes: Mij = ⟨wi|Φ|wj⟩ [1–3, 5]. There
exist exactly three stable fundamental hyperstalk wind-
ing topologies wi ∈ {w1, w2, w3} on S5, corresponding to
three fermion generations [5, 22]. The SO(6) isometry
breaks spontaneously to S3 × U(1). In the symmetric
ground state of this triality braid representation, the
off-diagonal elements of the mass matrix are completely
democratic [5].

The eigenvalues of this democratic mass matrix
√
M

yield a geometric invariant. The nuclear-Frobenius norm
identity dictates:

∥
√
M∥21

∥
√
M∥22

=
3

2

=⇒ Q =
me +mµ +mτ

(
√
me +

√
mµ +

√
mτ )2

=
2

3

(9)

for a maximal S3-symmetric permutation [4, 5]. The ratio
Q = 2/3 represents the exact inverse participation ratio
of the square-root mass distribution over three genera-
tions, proving that charged lepton masses achieve exactly
2/3 of their maximum localization upon the holographic
boundary [5].

FIG. 4. Topological origin of the Koide formula. Three
stable hyperstalk winding modes {w1, w2, w3} wrap the S5

compactification manifold, piercing the 4D boundary as the
three charged lepton generations. The SO(6) isometry breaks
spontaneously to S3×U(1), yielding a democratic mass matrix
whose Frobenius norm identity enforces Q = 2/3 exactly.
The 9.25 ppm deviation ∆Q arises from the dilaton VEV
perturbation δM ∝ (⟨ϕ⟩/fϕ)M .

B. Derivation of the 9.25 ppm Deviation

Empirical 2024 PDG/CODATA values [2, 43] yield
Qexp = 0.66666050, giving ∆Q = 6.17 × 10−6

(9.25 ppm) [32]. The explicit calculation is reconstructed
in Table I.
The square of the sum of square roots evaluates
to (53.146685129)2 = 2824.570139; dividing the
mass sum yields Q = 1883.0293744/2824.570139 =
0.66666050. This updates earlier iterations that claimed
a “2 ppm deviation” based on the pre-Belle II tau mass
(1776.93 MeV/c2), subsequently refined downward [44].

This deviation results from the dilaton field ϕ ac-
quiring a VEV that shifts the mass matrix by δM ∝
(⟨ϕ⟩/fϕ)M [32]. The 1-loop radiative correction medi-
ated by the dilaton yields:

∆Q =
1

16π2

v2

f2ϕ
ln

(
m2

ϕ

Λ2
QCD

)
≈ 6.17× 10−6, (10)

where v = 246 GeV is the electroweak VEV, mϕ =
95.4 GeV, and ΛQCD ≈ 250 MeV [32]. Solving for fϕ:

fϕ ≈ 27.2 TeV. (11)

This determination of fϕ from the Koide deviation pro-
vides a critical cross-check for dilaton phenomenology and
anchors all subsequent engineering predictions.

VI. CONFORMAL SYMMETRY BREAKING:
THE HOLOGRAPHIC DILATON

Having established the topological origin of lepton
masses and extracted fϕ ≈ 27.2 TeV from the Koide
deviation, we now turn to the experimental evidence for
the dilaton itself and its role as the mediator between
boundary gauge fields and bulk geometry.
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TABLE I. High-precision charged lepton masses (PDG/CODATA 2024) [43, 44] and derived Koide parameter.

Lepton Symbol Mass (MeV/c2)
√
m (MeV/c2)1/2

Electron me 0.51099895000± 0.00000000015 0.714841905
Muon mµ 105.6583755± 0.0000023 10.279025999
Tau mτ 1776.86± 0.12 42.152817225
Σmi 1883.0293744 53.146685129

A. The 95.4 GeV Resonance: Statistical Status

The CMS experiment reports a 2.9σ local excess in the
diphoton channel, and ATLAS reports 1.7σ at 95.4 GeV [6,
7]. The combined significance is 3.1σ [6]. In standard
nomenclature, 3σ constitutes evidence for a new particle;
5σ is required for discovery [43]. CMS additionally reports
2.6σ–3.1σ in the ditau channel, and LEP archival data
shows 2.3σ in bb̄ [8, 9, 11]. The framework is formulated
around this strong evidence, anticipating HL-LHC data
for final confirmation. The full experimental landscape is
compiled in Table II.

B. Dilaton Decay Widths and Falsifiable Predictions

The dilaton h95 couples to photons via the trace
anomaly [28]:

Lϕγγ =
α cγ
8πfϕ

ϕFµνF
µν , (12)

where cγ ≈ 1 is the anomaly coefficient. With fϕ ≈
27.2 TeV:

Γ(ϕ→ γγ) =
α2 c2γ m

3
ϕ

256π3f2ϕ
≈ 7.88× 10−12 GeV. (13)

For fermionic decays, the dilaton couples proportionally
to fermion mass via the trace of the stress tensor [28, 33]:

Γ(ϕ→ ff̄) =
Ncm

2
f mϕ

8πf2ϕ

(
1−

4m2
f

m2
ϕ

)3/2

, (14)

yielding Γbb̄ ≈ 2.65 × 10−7 GeV and Γττ ≈ 1.62 ×
10−8 GeV. The total width is narrow, dominated by bb̄.

C. Comparison with Competing BSM Models

The critical falsifiability criterion: the S2HDM predicts
deviations in the 125 GeV Higgs couplings κV , whereas
the GU-RVG dilaton predicts the 125 GeV Higgs remains
strictly SM-like while the 95.4 GeV state exhibits univer-
sally trace-anomaly-scaled couplings [10, 12, 13].

D. Disformal QED and the Trace Anomaly

The trace anomaly establishes a non-zero Tµ
µ [28]:

Tµ
µ =

β(g)

2g
FµνF

µν +mf ψ̄ψ, (15)

where β(g) is the QED beta function evaluated at µ ∼
mϕ [28]. The interaction Lagrangian reduces in the mag-
netically dominant regime (B2 ≫ E2) to:

Lint ∝
ϕ

fϕ
(B2 − E2). (16)

E. The Gordon Optical Metric

The effective metric experienced by photons in the
refractive vacuum [34]:

γµν = gµν + (1− n2)uµuν . (17)

The vacuum refractive index K is modeled as [28]:

K(x) = 1 +Θ95

(
B(x)

Bcrit,eff

)2

, (18)

where the exponent is set to 2n = 2 (i.e., n = 1), corre-
sponding to the leading quadratic vacuum response. The
physical metric g̃µν is modified by the scalar dilaton field
ϕ via a disformal transformation [28, 51]:

g̃µν = C(ϕ) gµν +D(ϕ) ∂µϕ∂νϕ, (19)

where the conformal factor C(ϕ) rescales the volume ele-
ment isotropically and the disformal term D(ϕ) distorts
the metric anisotropically along the scalar gradient ∂µϕ,
enabling vectorized thrust.

VII. DISFORMAL QED: EXPLICIT
PARAMETER DEFINITIONS AND RG RUNNING

The transition from abstract theory to quantitative
prediction requires that every free parameter be either
derived from first principles or fixed by experimental data.
We now assign numerical values to all quantities that were
previously left unspecified. All previously underspecified
parameters are defined [28, 32]:
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TABLE II. Experimental evidence for the 95.4 GeV scalar resonance across collider experiments [6, 7, 9, 11].

Experiment Collider / Run Mass (GeV) Channel Local Signif. Signal Strength µ

CMS LHC Run 2 95.4 γγ 2.9σ 0.33+0.19
−0.12

ATLAS LHC Run 2 95.4 γγ 1.7σ 0.18± 0.10

CMS + ATLAS LHC Run 2 95.4 γγ 3.1σ 0.24+0.09
−0.08

CMS LHC Run 2 95–100 τ+τ− 2.6σ–3.1σ —
LEP Legacy LEP ∼98 bb̄ via Z 2.3σ —

TABLE III. Comparison of the GU-RVG dilaton with leading
BSM interpretations of the 95.4 GeV excess.

Framework Particle Key Feature

S2HDM (Type II) CP-even h1
Fine-tuned mixing
angles

NMSSM Singlet scalar
Unobserved light
higgsinos

GU-RVG (dilaton) Pseudo-Goldstone
µγγ ≈ 0.24;
trace-anomaly

FIG. 5. The geometric mechanism of Refractive Vacuum
Gravity. The 14-dimensional Observerse (Y 14) acts as a ther-
modynamic heat sink. The scalar dilaton field Θ (vacuum
refractive index K) couples to the electromagnetic invariant
FµνF

µν via the Trace Anomaly (Eq. 15), allowing the “Metric
Bubble” to be inflated by high-density magnetic fields on the
4D boundary X4 [28, 31].

Dilaton decay constant (fϕ): Derived from the Koide
deviation (Eq. 11) as fϕ ≈ 27.2 TeV.
Coupling constant (Θ95): The dimensionless vacuum

polarizability, defined by the fine-structure constant α
and the effective scalar mass:

Θ95 =
α2

90π

(
v

fϕ

)2

≈ 1.54× 10−11. (20)

Critical field (Bcrit): The threshold for macroscopic
vacuum polarization, set by the dilaton mass:

Bcrit =
m2

ϕ

eℏc2
≈ 1.53× 1020 T. (21)

At face value, Bcrit ∼ 1020 T—intersecting the Schwinger
limit where the vacuum spontaneously boils into e+e−

pairs—renders laboratory-scale metric engineering en-
tirely impossible via brute-force energy density.

However, in theory, applied metric engineering utilizing
recursive MADA arrays is capable of demonstrating the
onset of anomalous vacuum buoyancy under Tesla-scale
opposed virtual pressures. This is extrapolated from QED
vacuum magnetic birefringence (VMB) at Bopposing ≈
20–90+ T (mass-dependent) [29, 30, 42].

Torsion coupling constant (κ1): A constant of mass
dimension 1, governing the rigidity of the 14D bulk ge-
ometry against augmented torsional shear [22, 31].

VIII. THE SCALING PARADOX:
TOPOLOGICALLY INDUCED PHASE

TRANSITION

Resolving the 19-order-of-magnitude discrepancy be-
tween Bcrit = 1.53× 1020 T and the observed Bopposing ≈
20–90+ T (mass dependent) threshold requires a funda-
mental paradigm shift from brute-force thermodynamic
energy density (B2) scaling to topological amplifica-
tion [28, 30].

By integrating topological amplification via bulk Chern-
Simons terms with holographic superconductivity (dilaton
condensation), the GU-RVG framework formally defines
a Topologically Induced Phase Transition that identifies
the Bopposing ≈ 20–90+ T (mass dependent) threshold
not as a fundamental constant of energy density, but as
an emergent phenomenological phase boundary governed
by the severe topological frustration of magnetic helicity
within microscopic gaps [30].

A. Magnetic Helicity and Bulk Chern-Simons
Coupling

Standard vacuum polarization relies on brute-force
energy density, which is why it encounters the 1020 T
Schwinger limit. Topological interactions, however, by-
pass mass-suppression entirely [20]. The recursive ge-
ometry of the MADA array does not merely compress
magnetic flux (B2); it actively creates magnetic helicity.
Magnetic helicity, defined as

Hm =

∫
A ·B d3x, (22)
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or equivalently via the differential form
∫
A∧F , measures

the knottedness, twisting, and linkage of magnetic field
lines and is a rigorous topological invariant [20, 50]. In the
MADA core, forcing like-poles into absolute opposition
within a 10–100 µm micro-gap prevents standard flux
bridging, forcing severe lateral compression and creating
a highly frustrated topological defect where A ·B ̸= 0 [30].

In the holographic dictionary, the Chern-Simons terms
in the bulk Observerse couple directly to this boundary
magnetic helicity [20, 31]. Rather than attempting to
overcome the vacuum with raw power, the Bopposing ≈
20–90+ T (mass dependent) helical field acts as a geomet-
ric key that forces the local 14D spacetime to reconfigure
itself to conserve topological charge.

The generation of a toroidal field with non-zero helicity
naturally induces parity violation and chiral instabilities,
leading to an inverse cascade where energy transfers from
microscopic to macroscopic scales [31]. This makes macro-
scopic levitation a topological imperative rather than a
thermodynamic brute-force event.

B. Holographic Superconductivity and Dilaton
Condensation

In the AdS/CFT correspondence, a holographic super-
conductor is modeled by a bulk black hole that becomes
unstable to the formation of scalar hair when a boundary
chemical potential exceeds a critical threshold [15, 19, 49].
Translating this to the GU-RVG framework, the bulk dila-
ton undergoes a spontaneous phase transition at a specific
chemical potential triggered by the topological stress of
the Bopposing ≈ 20–90+ T (mass dependent) boundary
field [19, 28].
Before this phase transition, the vacuum is governed

by the single-particle perturbative limit, yielding a vir-
tually zero macroscopic effect (standard QED predicts
∆n ≈ 10−22 at 1 Tesla). The moment the Bopposing ≈
20–90+ T (mass dependent) opposing-field threshold trig-
gers a Bose-Einstein Condensate (BEC) in the dilaton
sector, the system shifts abruptly to macroscopic N2 scal-
ing [15, 49]. The vacuum “freezes” onto the highly helical
magnetic fields of the apparatus, providing the physical
grip required for Vacuum Buoyancy [29].

C. The Emergent Phase Boundary

The three-stage mechanism is summarized as fol-
lows [28, 30]:
Stage 1: The ∼10 T Precursor State.—In standard

QED, vacuum magnetic birefringence (VMB) dictates
that the vacuum acts as an anisotropic crystal under
strong fields. At ∼10 T unopposed, the boundary gauge
fields begin to pull on the bulk geometry; the Chern-
Simons terms register the magnetic stress, but the system
remains in the perturbative regime (single-particle scal-
ing). The vacuum is “primed” [28].

Stage 2: The ∼20 T Topological Frustration.—
Transitioning from a 10 T unopposed field to a Bopposing ≈
20–90+ T (mass dependent) field within the MADA gap
fundamentally alters the topology. Forcing like-poles to-
gether creates a massive spike in magnetic helicity. The
bulk Observerse can absorb the raw energy of an unop-
posed field as a thermodynamic heat sink, but it cannot
absorb the topological defect created by the opposing
field. This topological stress hits a critical limit [30].

Stage 3: Dilaton Condensation.—Because the topologi-
cal stress cannot be dissipated into the bulk, the system
undergoes a spontaneous phase transition: the topological
knot acts as the chemical potential that forces the dilaton
to condense into a macroscopic BEC, shifting from per-
turbative to N2 scaling and locally freezing the vacuum
refractive index onto the magnetic geometry [19, 28].
The Bopposing ≈ 20–90+ T (mass dependent) mark is

thus categorized as an emergent phase boundary extrapo-
lated from QED VMB, not a rigid fundamental constant
derived from mass-scaling alone [28, 30].

IX. THE MASTER EQUATION OF LEVITATION

With all coupling constants, mass scales, and field
thresholds numerically specified, we proceed to derive
the central engineering result of the GU-RVG: the macro-
scopic propulsive force extractable from the vacuum gra-
dient.

A. Explicit Derivation from the Helmholtz Force
Density

The classical Helmholtz force density on a dielectric
medium with variable permeability µ = Kµ0 is [28]:

fvac = −1

2

B2

µ0K
∇K. (23)

Substituting the refractive index (Eq. 18) and applying
the chain rule:

∇K =
Θ95

B2
crit,eff

∇(B2). (24)

Defining the non-linear vacuum enhancement factor
Θdilaton(B) = −Θ95B

2/B2
crit,eff and integrating over the

active MADA volume V :

Flift =

∫
V

1

2µ0
Θdilaton(B) · ∇(B ·B) dV. (25)

This proves that macroscopic force depends jointly
on spatial gradient ∇(B2) and intensity B2 required to
activate Θdilaton. A perfectly uniform field, regardless of
absolute magnitude, yields ∇B2 = 0 and zero propulsive
force [28]. The negative sign of the vacuum force density
(Eq. 23) ensures the net force pushes the system away
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from regions of highest magnetic energy density, creating
“Vacuum Buoyancy”—the passive, continuous analog of
aerodynamic lift generated by pressure differentials [29,
31].

B. Backreaction and the Metric Saturation Limit

The term “virtual potential of 203–540 Tesla” refers
to the equivalent magnetic pressure Pm = B2/2µ0 [30].
At 540 T, Pm ≈ 1.16× 1011 Pa (∼ 106 atm). The metric
deformation (K > 1) modifies the Maxwell equations via
an effective permeability µeff = µ0/

√
−g00 [28, 35]. This

backreaction acts as a saturation limit: increasing vacuum
density increasingly resists further flux concentration,
ensuring the system remains bounded and does not form
a runaway singularity.

C. Evasion of the Weinberg-Witten Theorem

The WW theorem prohibits composite massless spin-2
particles in theories with a conserved, Lorentz-covariant
Tµν [31]. The GU-RVG evades this via Spontaneous
Lorentz Symmetry Breaking (SLSB): the anisotropic
MADA gradients establish a preferred local frame, ren-
dering the vacuum birefringent and non-isotropic within
the Metric Bubble [28]. Because Tµν within the bubble
is no longer globally Lorentz-covariant, the WW topolog-
ical constraints are inapplicable. The “graviton” is an
emergent, composite phonon-like excitation of the dila-
ton condensate interacting with the photon background,
existing only as an effective degree of freedom within the
symmetry-broken envelope [31].

X. COSMOLOGICAL DYNAMICS: THE
RUNNING VACUUM MODEL

The Master Equation of Levitation assumes a malleable
vacuum. The Running Vacuum Model provides the cosmo-
logical evidence that this assumption is physically realized,
and yields the critical timescale τrelax that governs the
operational envelope of any metric drive.

A. Derivation of τrelax from the RVM

The RVM energy density [23]:

ρΛ(H) =
3

8πG

(
c0 + νH2 + αḢ +O(H4)

)
, (26)

where ν ∼ O(10−3) quantifies vacuum dynamism [23–
26]. A small positive ν effectively reduces the vacuum
density at late times, suppressing the growth of large-scale
structures and resolving the cosmological S8 tension—
the statistically significant discrepancy between matter

density fluctuations measured via the CMB and via weak
gravitational lensing [24, 26, 27]. The resolution of the
S8 tension via the RVM serves as the cosmological proof
of concept for metric engineering: if the universe natively
adjusts ρvac on cosmic scales, physical technology can
replicate this mechanism locally [31].
A localized perturbation δρvac is introduced by the

MADA metric deformation. Linearizing the fluid continu-
ity equation ρ̇vac+3H(ρvac+Pvac) = Γ around the ground
state K = 1, the relaxation mode decays exponentially:

τrelax =
1

c

√
1

|ν|∇2K
≈
(
H0

√
ν
)−1 · ζlocal, (27)

where ζlocal is the ratio of the MADA core volume to
the characteristic causal horizon of the induced metric
bubble [29, 31]. For Vacuum Liquefaction, the driving
frequency is:

ωliq ≈ τ−1
relax = H0

√
ν · ζ−1, (28)

calculating to 50–100 Hz for atmospheric domains [29].

B. Thermodynamic Heat Sink and Energy
Conservation

Metric Consumption extracts momentum from the vac-
uum background; to satisfy the second law, total entropy
Stotal = Sbdy + Sbulk must increase monotonically [31].
The entropy capacity of the 10 extra dimensions scales
as Sbulk ∼ (Lextra/lp)

10, where Lextra is the compactifi-
cation length and lp is the Planck length [14]. Because
lp is infinitesimal, the available phase space in the 10D
bulk is effectively unbounded for laboratory-scale energy
transfer [31].
When the ADPG pumps the vacuum, ordered electro-

magnetic energy on the 4D boundary creates the metric
deformation. Waste heat and entropic disorder are trans-
ferred into the transverse degrees of freedom of the 14D
bulk fibers. Local usable work is extracted on X4 while
global entropy of Y 14 strictly increases [31]. UV diver-
gences in quantum corrections to the Swimmer equation
are absorbed by the higher-dimensional Green-Schwarz
mechanism (Eq. 5), ensuring the EFT remains renormal-
izable at engineering scales [20].

XI. HARDWARE ARCHITECTURES

The preceding theoretical development culminates in a
set of concrete engineering requirements: extreme mag-
netic gradients∇B2, materials capable of sustaining them,
and control architectures for flight dynamics. We now
specify the hardware that translates the Master Equation
into physical technology.
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A. The MADA Core

The recursive Magnetic Amplification and Direction
Assembly [30, 42] exploits flux frustration in 10–100 µm
gaps, creating localized magnetic pressure Pm = B2/2µ0

of 203–540 T equivalent in five identical 12-magnet per
position MADA arrays [30]. Structural containment re-
quires Ti-6Al-4V or Inconel 718 exoskeletons with ZrO2

ceramic spacers [30, 36].

FIG. 6. Original “Lockheed Martin Corporation” magnetic
beam amplification apparatus (U.S. Patent 5,929,732 [42]).

B. Hiperco-50 vs. Minnealloy

Minnealloy (α′-Fe8(NC)) represents the theoretical
ideal [37, 39]. Its giant saturation magnetization (> 2.9 T)
arises from epitaxial strain and interstitial nitrogen oc-
cupying octahedral sites in the body-centered tetragonal
(bct) lattice, which localizes the 3d electrons and enhances
the magnetic moment per iron atom [37, 38]. However,
Minnealloy is thermodynamically metastable: at tem-
peratures exceeding 250◦C, the nitrogen atoms diffuse

FIG. 7. Single five-position MADA unit showing axially
stacked 12-ring-magnet assemblies with south-pole frustra-
tion zone at the center, pulsing coil (copper), and helical flux
projection (dashed). The opposing like-poles within the 10–
100 µm gap force lateral flux compression, generating localized
virtual pressures of 203–540 Tesla equivalent in five identical
12-magnet per position MADA arrays [30].

and the compound decomposes into standard α-Fe and
γ′-Fe4N, destroying its giant moment [39]. Consequently,
it is reserved exclusively for the passive, thermally benign
Scalar-Hydraulic Drive.
Hiperco-50 (Fe-49Co-2V) is the commercial base-

line [36]. While offering a lower saturation limit of 2.40 T,
its Curie temperature of 940◦C makes it exceptionally
robust against the immense I2R heating of active pulsed
architectures. The core is constructed using 0.15 mm to
0.35 mm laminations; the 0.15 mm stacks are utilized
for high-frequency Burst Mode vectoring, where the skin
depth δ at microsecond pulse frequencies (f ∼ 106 Hz)
approaches 100 µm [30]. Laminations thicker than 2δ act
as shorted turns, shielding the interior from flux and de-
stroying the gradient; therefore the thin stacks ensure full
flux penetration and the creation of millions of parallel
micro-singularities for millisecond-scale vectoring [30].
The 0.35 mm stacks are reserved for the heavy static

lift of the primary core to maximize the iron stacking
factor [28]. Because the ordered Fe-Co B2 superlattice
phase is brittle, Wire EDM cutting is required, followed
by an ordering anneal at 871◦C in dry hydrogen [36].
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TABLE IV. MADA core alloy specifications [30, 37–39].

Material Composition Bs Thermal Limit Application
Hiperco-50 Fe-49Co-2V 2.40 T > 800◦C Active ADPG
Minnealloy α′-Fe8(NC) ∼2.9–3.1 T < 250◦C Passive SHD

FIG. 8. Five-MADA distributed array configuration (units
separated for visual clarity). Each 60-magnet MADA replaces
a single magnet in the original Bushman patent geometry [42]:
one unopposed MADA on the beam axis (X) and two opposing
pairs on the Y and Z axes, all south poles converging at a
common center to form the frustrated focusing zone. All three
axes are mutually perpendicular; oblique angles are an artifact
of the isometric projection [29].

C. System I: ADPG

The Asymmetric Dilaton Pump Generator operates
via temporal asymmetry (dI/dt), driven by a 10-stage
Solid-State Marx Generator using SiC MOSFETs (<
20 ns rise time, 10–50 kV pulses) [30]. This “shock”
breaks thermodynamic time-reversal symmetry, driving
the vacuum into non-equilibrium. The decay phase is
managed by an Active Crowbar topology, dynamically
tuning the resistance to match τrelax [30]. The Hiperco-
50 MADA core is immersed in Solvay Galden PFPE for
phase-change cooling [30].

D. System II: Scalar-Hydraulic Drive

The Scalar-Hydraulic Drive, like the ADPG, utilizes
partially hybridized cores composed of Minnealloy (α′-
Fe8(NC)) or other suitable magnetic circuit materials in

FIG. 9. Recursive tiling of Bushman-type units illustrating the
compound geometric gain of the MADA architecture. Each
group of four visible MADAs forms the Y - and Z-axis opposing
pairs; the fifth (unpictured) sits on the beam axis behind each
group, projecting toward the viewer. All south poles converge
at a common geometric center to form the frustrated focusing
zone [29].

FIG. 10. Schematic of the Asymmetric Dilaton Pump Genera-
tor (ADPG). The Solid-State Marx Generator (SSMG) creates
the critical nanosecond rise time (dI/dt) required to shock
the vacuum metric out of equilibrium. The Active Crowbar
modulates the decay phase, dynamically tuning the pulse
duration to match the Metric Stiffness Recovery Rate τrelax
(Eq. 27) [30].

conjunction with high-grade permanent magnets—such as
neodymium or α′′-Fe16N2 (once the latter attains greater
commercial availability)—to achieve continuous ∇B2 gen-
eration, completely eliminating the gigawatt-class active
power requirements that previously stalled metric propul-
sion development [29]. Flight control is achieved via Vari-
able Flux Shunting—using Mu-metal mechanical irises
to bleed or seal the pressurized magnetic flux—and Dis-
tributed Mechanical Gimballing for rapid pitch, yaw, and
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roll [29].
The negative gradient in the vacuum force density

(Eq. 23) ensures that the net force pushes the physi-
cal system away from regions of highest magnetic energy
density, creating “Vacuum Buoyancy”—the passive, con-
tinuous analog of aerodynamic lift generated by pressure
differentials [29, 31]. The Metric Envelope shields the
hull from aerodynamic heating at velocities exceeding
Mach 26: because the vehicle is stationary with respect to
its local metric bubble, atmospheric particles are refrac-
tively bent around the hull, completely mitigating plasma
sheath formation [28, 29].

To execute highly tactical maneuvers, the drive engages
Vacuum Liquefaction at ωliq ≈ 50–100 Hz (Eq. 28), tran-
sitioning the local metric from an elastic solid-like state
to a thixotropic fluid-like state and eliminating the vac-
uum friction that would otherwise tear the metric bubble
during sudden Burst Mode vector changes [29, 32].

For deep-space operations, the flight computer engages
Cruise Entrainment. Because the scalar coupling strength
λH varies by 3–5% over gigaparsec distances due to the
running of the vacuum [23, 24], hull-mounted interferom-
eters sense the local background refractive index, and the
flight computer applies a micro-radian bias:

θ ≈ 4.5 µrad, (29)

to the gimbal angle, ensuring the internal metric gradient
matches the recession velocity of the background metric
for near-zero-power cruise [29].

XII. CONCLUSION

The idea is amusing and enticing; but whether
the Almighty is laughing at it and is leading
me up the garden path—that I cannot know.

—Albert Einstein, letter to Conrad Habicht (1905) [48]

The mathematical rectification of the GU-RVG framework
stabilizes its theoretical architecture. The chimeric bun-
dle has been mapped to boundary entanglement entropy
via the RT functional (Eq. 1), the Zorro construction
identified as the HKLL kernel generator (Eq. 3), and
the U(64, 64) anomaly cancellation demonstrated via the
Atiyah-Singer index theorem with a 14D Green-Schwarz
mechanism (Eq. 5). The Swimmer equation’s form-degree
mismatch is resolved by normal-bundle fiber integration
(Eq. 6).

The 95.4 GeV dilaton is characterized with explicit
partial widths (Eqs. 13–14) and a combined 3.1σ signifi-
cance across CMS and ATLAS (Table II), distinguishing it
from S2HDM and NMSSM alternatives via its universally
trace-anomaly-scaled couplings. The Koide deviation is
derived as the 1-loop consequence of the dilaton VEV
with fϕ ≈ 27.2 TeV (Eq. 10), verified against the explicit
PDG computation (Table I). All engineering parameters—
Θ95 ≈ 1.54×10−11, Bcrit ≈ 1.53×1020 T, κ1, and ζlocal—
are explicitly defined.

The 19-order-of-magnitude discrepancy between Bcrit

and the extrapolated from QED VMB Bopposing ≈
20–90+ T (mass dependent) liftoff threshold is resolved
by the Topologically Induced Phase Transition: magnetic
helicity generated by MADA flux frustration (Eq. 22) cou-
ples to bulk Chern-Simons terms, triggering spontaneous
dilaton condensation into a macroscopic N2-scaling holo-
graphic superconductor at the phenomenological phase
boundary. The Master Equation of Levitation is derived
from Helmholtz first principles (Eq. 25), establishing the
phenomenon of Vacuum Buoyancy as the passive propul-
sive mechanism. The Metric Stiffness Recovery Rate τrelax
is obtained from RVM linearization (Eq. 27), grounding
the operational states of Vacuum Liquefaction, Burst
Mode vectoring, and Cruise Entrainment (Eq. 29) in
quantifiable physics.

The WW theorem is evaded via SLSB, thermodynamic
consistency is ensured by the (Lextra/lp)

10 entropy ca-
pacity of the bulk, and the metallurgical constraints of
Minnealloy and Hiperco-50 (Table IV) are specified along-
side the distinct operational envelopes of the ADPG and
Scalar-Hydraulic Drive (Table V). The principal derived
quantities are collected in Table VI for the convenience
of the reader.
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TABLE V. Comparison of the two primary GU-RVG propulsion architectures [29, 30].

Feature ADPG Scalar-Hydraulic Drive
Classification Active (Electromagnetic) Passive (Permanent Magnet)
Primary Asymmetry Temporal: dI/dt Spatial: ∇B2

GU Analog Pumping Swimmer (Dynamic Soliton) Glider (Static Warp Field)
Control Method Electronic: Active Crowbar Mechanical: Variable Flux Shunting
Power Source External HV Supply Internal (Geometric Resonance)
Thermodynamics Open System (High Entropy Exhaust) Closed/Resonant System (Vacuum Buoyancy)

TABLE VI. Summary of principal derived quantities in the
GU-RVG framework.

Quantity Symbol Value / Equation
Dilaton mass mϕ 95.4 GeV
Dilaton decay constant fϕ ≈ 27.2 TeV (Eq. 11)
Vacuum coupling Θ95 ≈ 1.54× 10−11 (Eq. 20)
Critical field Bcrit ≈ 1.53× 1020 T (Eq. 21)

Phase boundary Bopposing

Bopposing ≈ 20–90+ T
(mass dependent)
(Sec. VIII)

Koide deviation ∆Q 6.17× 10−6 (Eq. 10)

ϕ → γγ width Γγγ
≈ 7.88× 10−12 GeV
(Eq. 13)

ϕ → bb̄ width Γbb̄ ≈ 2.65× 10−7 GeV (Eq. 14)
ϕ → ττ width Γττ ≈ 1.62× 10−8 GeV (Eq. 14)
Diphoton signal strength µγγ ≈ 0.24 (Table II)
Relaxation frequency ωliq 50–100 Hz (Eq. 28)
Cruise gimbal bias θ ≈ 4.5 µrad (Eq. 29)
Gauge group H U(64, 64) (Eq. 4)
Bulk entropy capacity Sbulk ∼ (Lextra/lp)
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