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Abstract

This paper proposes a modified special–relativistic framework in which rest energy is carried by the
temporal component of the Minkowski metric through a scalar ζ, and a particle may convert—by
a postulated, graviton–mediated process with cycle energy E = A/f—between a massive (ζ → 0)
and a massless (ζ = 1) state, reaching the light–speed limit without the usual infinite–energy ob-
struction; the time symmetry of the underlying oscillation suggests an eternal universe. Part I
develops the framework: the temporal mass term, the conversion oscillation, graviton kinematics
derived from four–momentum conservation, a dilaton Lagrangian with ζ = e−φ, and a modified
Einstein equation that covariant conservation forces back to general relativity. Part II, more spec-
ulatively, identifies ζ with the temporal element of the pentadimensional Deformed Space–Time
(DST) metrics—a heterodox framework used strictly as a phenomenological parametrization—
extends the geometry to a Calabi–Yau threefold (the T 6/Z3 orbifold worked out explicitly; three
generations require discrete Wilson lines on it, or a different manifold such as Tian–Yau), and
proposes a dictionary between Standard–Model particles, geometric features of the manifold, and
a tetrahedral nuclear model; the alignment rests on numerical correspondences rather than deriva-
tions. Part III supplies the covariant formulation the temporal mass term requires—exactly
two natural completions: standard tensor–scalar theory with universal matter coupling e−φ, or
a khronometric disformal coupling whose Lorentz violation is screened within a Yukawa range of
matter—and adds an independent radiative–naturalness motivation tying the surviving window to
a matter–sector cutoff of 12–40 TeV. Confrontation with data is stated as survival conditions: the
temporal scalar must be short–ranged (mφ ≳ 5 meV); identifying its Compton wavelength with
the DST length yields the surviving laboratory target—an α ≈ 2 Yukawa correction to gravity at
λ ≈ 4–10 µm with no equivalence–principle violation; planetary ephemerides bound the conver-
sion constant to fescA ≲ 5 × 10−31 W per nucleon (fesc the radiated fraction of a cycle); and the
dark–sector conjecture survives only as a dark–sector–internal exchange, tied to an evolving w(z).
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Part I. The Original Framework

1 Introduction

Special relativity (STR) is experimentally well confirmed but is usually regarded as silent about gravity
and the nature of mass. The standard reason is that gravity involves acceleration and non–inertial
frames, whereas STR is by construction a theory of inertial frames—though an accelerated frame
can be built from a continuous sequence of inertial ones. General relativity (GTR) supplies gravity,
but its purely geometric treatment sits awkwardly beside the way the other forces are described, and
reconciling it with quantum theory remains open.

This paper asks whether STR itself, suitably modified, can accommodate mass and a quantized
gravity with gravitons. The logic of Part I is as follows. Section 2 places mass inside the metric by
introducing a mass term ζ in the time component, giving a modified Minkowski geometry. Section 3
postulates that a massive particle can convert into a massless one traveling at c—a process the energy
relation permits only at its endpoints—and casts this as an oscillation that also supplies a graviton
production mechanism. Section 4 treats gravitons within STR as carriers that impart energy and
momentum to matter by collision, and reads off attractive and repulsive branches. Section 5 recasts
the picture as a modified Einstein equation (which, once covariant conservation is imposed, reduces
to general relativity). Section 6 gives a Lagrangian formulation of the mass term and the oscillation,
analyzes what happens to Lorentz invariance, and derives the graviton relations from four–momentum
conservation—the one set of relations in Part I genuinely derived rather than posited. Section 7 checks
the model against established gravitational and quantum field theory. Part II (§9 onward) then aligns
the framework with the Standard Model and, more speculatively, extends it to a six–dimensional
Calabi–Yau geometry; the framework’s survival conditions are developed quantitatively where each
element meets the data (§7, §13). Part III supplies the covariant formulation of the temporal mass
term—the choice of whose time the deformation selects—and states the laboratory target with its
discriminators.

How to read this paper. Claims are tagged with one of five epistemic labels, used in a fixed
sense throughout: a Postulate is assumed and judged by its consequences (P1–P4, collected in §8); a
Derivation follows from stated assumptions (in Part I only the graviton kinematics of §6.4 qualifies; the
derivations of Part III are standard–methods computations); an Identification sets two independently
defined quantities equal by choice (e.g. ζ2 = 1/Gint, §9.3); an Analogy is a structural or numerical
correspondence carrying no derivational force (e.g. the exponent dictionary, §10.5); and a Conjecture
is flagged speculation. Where one of these labels appears, the corresponding caveat is in force without
repetition.

2 Mass term in the Minkowski metric

In four–dimensional Minkowski spacetime the squared norm of the position vector X(t, x, y, z) is
X2 = t2−x2−y2−z2, with signature (+,−,−,−) and c = 1. In an object’s rest frame X0 = (t, 0, 0, 0),
so X0

2 = t2, the squared proper time along the worldline.
The construction of this section rests on a single modeling postulate (P1 of §8), adopted here and

judged by its consequences rather than derived from STR: that the rest energy a particle carries can
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be represented by a deformation of the temporal part of the metric. We attach to the particle a
dimensionless temporal factor ζ and write

X0
2 = ζ2t2, 0 ≤ ζ ≤ 1, (1)

so that g00 = ζ2, with ζ = 1 the flat, massless reference state and ζ → 0 the maximal–mass (pure
rest–energy) limit. The motivation is an analogy, not a derivation: in general relativity a clock deep
in a potential well runs slow (g00 < 1), and at rest a particle’s whole energy is rest energy, so eq. (1)
posits that carrying rest energy is itself encoded as a temporal contraction.

Three provisos are stated at the outset, because the rest of the paper depends on them. (i) Equa-
tion (1) departs from the standard reading in which the metric is a property of spacetime shared by
all bodies and the proper time X0

2 = t2 is independent of a body’s mass. Treating ζ as carried by
the particle is thus a genuine hypothesis whose cost is that it must be realized by a field the particle
couples to, not by a relabeling of the background; that realization is made explicit in §6.2, where
ζ = e−φ becomes a scalar (dilaton) field with its own action. The functional form itself is not ex-
otic: in string–derived effective actions, matter couplings, masses included, are generically functions
of the dilaton, with exponential dependence the typical case, and Damour and Polyakov showed how
cosmological evolution can drive such couplings toward decoupling (the least coupling principle) [2].
What is non–standard here is narrower: the scalar enters through the temporal leg of the vierbein
only, rather than through a conformal factor—the genuine hypothesis isolated in §6.3(iii). (ii) ζ is
dimensionless, and eq. (1) does not by itself fix the map from ζ to a mass value; the quantitative
relation is supplied only later, by the energy–dependent identification ζ2 = 1/Gint of §9.3—with Gint

an energy–dependent DST characteristic function, not Newton’s constant—which ties ζ to measurable
thresholds. (iii) The endpoint ζ = 0 gives g00 = 0, a degenerate value of the metric; we use it strictly
as a limiting idealization of the maximal–mass state, never as a regular point (the dilaton realization
of §6.2 reaches it only as φ → ∞).

Equation (1) also appears to break Lorentz invariance, and the precise status of that invariance is
settled in §6.3; the honest statement is narrower than “invariance is preserved.” A constant ζ carries
no physics—it is absorbed by the clock rescaling t → ζt—so all content requires ζ to vary. A varying
ζ(x), written through the vierbein, keeps local Lorentz and diffeomorphism invariance exactly as a
curved metric does in general relativity. But the mass–generating operation ζ = 1 → ζ = 0 is neither
a coordinate change nor a symmetry: it is a physical deformation of the temporal leg that produces
rest energy in an otherwise flat frame (and removes it under the inverse). The framework therefore
trades global Poincaré invariance for local Lorentz invariance plus a definite, physical mass–generating
deformation; it does not leave all of STR untouched. A sharper question—whose time direction the
deformation selects—is raised in Part III (§14.1), which shows it admits exactly two covariant answers
and develops both.

With these provisos, ζ is carried by the time–diagonal element of the relevant metric when gravity
is unified with the other forces, and the closed range 0 ≤ ζ ≤ 1 lets a particle oscillate between a
massless, pure–energy state (ζ = 1) and a pure–rest–energy state (ζ = 0), the subject of the next
section.

3 Mass–energy wavefunction

A massive particle is usually said to be unable to reach c because doing so would require infinite
energy. The relativistic relation E2 = m2 + |p|2 admits two branches—a massive one (m > 0) and
a massless one (m = 0, E = |p|)—but one must be careful about what this permits. For a free
particle the rest mass m is a Lorentz invariant, and energy–momentum conservation keeps a particle
at rest at rest; the energy relation alone therefore does not let a massive particle accelerate to c or
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shed its mass unaided. What the framework instead postulates is a conversion process—rest energy
traded for kinetic energy, and back, through the graviton emission and absorption of §4—for which
the energy relation fixes only the endpoints E = m and E = |p|. The infinite–energy obstruction is
sidestepped not by accelerating a fixed–mass particle, but by letting its mass convert. We model that
conversion as a one–dimensional oscillation between the two endpoints—a classical kinematic ansatz,
whose Lagrangian formulation is given in §6.1 (its quantization remains open). Taking the particle P
at x = 0 with v = 1 at t = 0, the oscillation is

x =
T

2π
sin

(︃
2π

t

T

)︃
, (2)

with period T , so that the velocity is

v = cos

(︃
2π

t

T

)︃
. (3)

Over 0 ≤ t < T/4 and T/2 ≤ t < 3T/4 the kinetic energy converts fully into rest energy (ζ = 0);
over T/4 ≤ t < T/2 and 3T/4 ≤ t < T the rest energy converts fully into kinetic energy with |v| = 1
(v = −1 at t = T/2 and v = +1 at t = T , exhibiting the time symmetry invoked in §5). We then
assign an energy to the whole conversion cycle: because one period T encompasses the conversion of
all of P ’s energy, we posit—as a defining phenomenological relation, not a deduction—that this energy
is linear in the period, E = AT , with A a constant to be fixed by data. In terms of the oscillation
frequency f = 1/T ,

E =
A

f
. (4)

A particle moving in more than one spatial dimension, whether massive or massless, is modeled as
a collection of such 1+1 oscillators. Two cautions attach to eq. (4): it is not the mechanical energy
of the oscillator, which for the harmonic system of §6.1 is constant; and its E ∝ 1/f form is the
inverse of the Planck–Einstein law E ∝ f . It is thus an independent hypothesis about the energetics
of mass–energy conversion, to be judged by its consequences.

The constants A and h: a dimensional convention. The photon obeys the Planck–Einstein
relation E = hν with h the Planck constant. Equation (4) and E = hν describe different mechanisms
and, as their dimensions show, different constants: A governs the mass–energy oscillation between the
ζ = 0 and ζ = 1 states, while h governs the electromagnetic frequency carried by the photon. From
E = A/f with [f ] = time−1,

[A] = [E] · [f ] = energy · time−1, [h] = [E] · [ν]−1 = energy · time, (5)

so [A]/[h] = time−2. One may relate A and h by a constant ξ carrying exactly this dimension:

A = ξ h with [ξ] = time−2 = (frequency)2. (6)

Equation (4) then reads

E =
A

f
=

ξ h

f
. (7)

We stress that eq. (6) is a dimensional convention, not a physical result: a constant with the req-
uisite dimension can relate any two dimensionally distinct quantities and by itself predicts nothing.
Equation (4) is already dimensionally consistent once A is recognized as an energy× frequency; the
constant ξ > 0 merely parametrizes the difference from the electromagnetic constant h as a characteris-
tic squared frequency, whose value is left to measurement; §13.3 derives the bound ξ ≲ 7×102/fesc s

−2
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for ordinary matter, with fesc the radiated fraction of a cycle, i.e. ξ ≲ 7× 102 s−2 for an order–unity
radiated fraction. No claim is made that A is derived from h.

The contrast with quantum mechanics can be anchored in the literature. De Broglie’s founding
postulate attaches to every rest mass an internal periodic phenomenon of frequency ν0 = mc2/h [3]—
the Compton frequency, since realized interferometrically as a matter–wave clock [4]. Equation (4) is
therefore not a competitor to that established E ∝ f assignment but introduces a second, independent
frequency for the conversion process; any oscillation with E = A/f must coexist with the Compton
frequency, and the two coincide only at the single frequency f =

√︁
A/h =

√
ξ, bounded in §13.3 to

≲ 27 Hz for ordinary matter with an order–unity radiated fraction.
We close with two speculative remarks, offered as conjectures rather than results. First, the

1/f form of eq. (4) is reminiscent of the “pink” (1/f) fluctuation spectra seen from microscopic to
macroscopic scales; but a single oscillation (2) has a sharply peaked spectrum, so reproducing a 1/f
law would require a specific broad distribution of periods T—an open requirement, not a consequence
of the model. Second, a large coherent superposition of such oscillators undergoing a mass–to–energy
conversion might drive a big–bang–like expansion (with ζ = 0 as the initial state), and ordinary matter
could in principle seed smaller expansions of the same kind; these possibilities are not derived here
and are flagged for future work. In any case, the subluminal–to–luminal conversion is the basis for
the graviton dynamics of the next section: an object may shed a small part of its mass as gravitons.

4 Properties of gravitons

We model the gravitational interaction as a graviton transferring energy and momentum to matter by
collision. Let a massless graviton G of energy g (so it travels at c, written G to avoid Newton’s constant
G) strike an object M of mass m0, initially at rest. Suppose, as a first idealization, that G is fully
absorbed and M moves along G’s original direction; we impose energy conservation here and return to
momentum below. After absorption M has total energy E2 = m2 + p2 = γ2m0

2 with γ = 1/
√
1− v2,

where p and v are its momentum and velocity. (This v is the recoil velocity of the absorbing target
throughout eqs. (9)–(12), not the oscillator velocity of §3 that tracks ζ.) Energy conservation gives

g +m0 = γm0, (8)

and, setting m0 = 1,
g = γ − 1. (9)

Momentum, however, is not conserved by this single–quantum absorption: the graviton carries mo-
mentum g, whileM recoils with momentum p = γv, and the two are unequal for every 0 < v < 1 (a free
mass cannot fully absorb a single massless quantum while conserving both energy and momentum—the
same obstruction as for a free electron and a photon). We record the deficit as

q ≡ p− g = 1−
√
1− v√
1 + v

, (10)

which must be supplied—momentum drawn from the surrounding field, or balanced by a companion
quantum—for the complete process to conserve momentum (§6.4). In the companion route the energy
budget (9) acquires a correction of order q (a massless companion of momentum q also carries energy
q), so eqs. (9)–(10) are the leading bookkeeping of an idealized absorption, exact only in the field–
recoil (heavy–source) completion. Thus q is balancing momentum, not a literal second attribute of
the graviton; the roles of g and q in the GTR context are taken up in §5.

The framework further assumes a threshold massm0 (set to 1 above): a target lighter thanm0 does
not fully absorb G—the graviton passes through and travels ahead—while a heavier target recoils more
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slowly and absorbs it. This is a modeling assumption, not a kinematic consequence of the above, since
the energy–momentum obstruction holds at every finite mass; m0 is best read as the phenomenological
scale at which the deficit per unit target mass, q/m0, becomes negligible, rather than a sharp cutoff
derived here.

When a particle converts mass into gravitons, the gravitons stream radially outward and, on
absorption, push surrounding objects away. We model this as a repulsive branch with a negative cou-
pling nG; the reverse process—gravitons converging and converting back into mass at ζ = 0—gives
the familiar attractive G. Strictly, the outward radiation pressure of emitted quanta is momentum
transfer, not the same object as a sign change of Newton’s constant; we adopt nG as a phenomeno-
logical device for the two branches and take n = −1 as the symmetric benchmark, leaving the actual
value to observation. We note, speculatively, that the repulsive branch resembles a dark–energy term
and that a massive ζ = 0 state forming without emission resembles dark matter, with their fractions
trading off—but these are analogies only: no match to the measured ΩΛ,ΩDM or to an equation of
state is established here (that is set as a target in §13). Possible links to collider missing energy, or to
interferometric probes of a 1/f background (cf. eq. (4)), are likewise conjectural.

Equation (9) diverges as v → 1. To regulate it—phenomenologically, not from first principles—we
borrow the energy distribution

√︁
1− rs/r of Fischer [5], with r the graviton’s distance from the object

and rs the Schwarzschild radius. Let a denote the post–collision acceleration, a ≡ ∆v/∆t, that is, the
per–unit–time velocity change that emerges from the absorption process. Newton’s law then reads

Gm1m2

r2
= m2 a, (11)

making 1/r2 ∝ a and hence rs/r ∝
√
a; we set the proportionality constant to unity (a second unit

convention, of the same status as the a = v identification below), giving rs/r =
√
a. Substituting into

Fischer’s distribution and using eq. (9) gives the regulated graviton energy

gF = (γ − 1)

√︂
1−

√
a. (12)

Here a and v are set equal numerically by a choice of units (c = 1 and a unit time step, so that
a = ∆v/∆t equals v from rest); this is a unit convention, not a physical equality of acceleration and
velocity. With it, as v → 1− (equivalently a → 1−) the divergent factor (γ−1) and the vanishing factor√︁

1−
√
a compensate, and gF → 1

2 monotonically (the limit is computed exactly in §6.4); at v = 1
itself the expression is defined only by this limit. One may read this as half of the converted mass
becoming graviton energy and half graviton momentum—a “half–mass” signature—but we emphasize
that this is an interpretation of a regulated expression, not a prediction tied to any measured state.

5 Modified field equation and a global reading

We now encode the previous results as two modifications of the Einstein equation: multiplying the
stress–energy tensor by ±1 to select the attractive or repulsive branch, and multiplying the curvature
term by a factor λF(r) ≡

√︁
1− rs/r, built from the energy distribution borrowed from Fischer in

§4 [5] (so λF → 1 as r → ∞; the subscript distinguishes it from the Yukawa range λ of §7.1),

Rµν − 1
2RλF(r) gµν = ±κTµν , (13)

with Rµν the Ricci tensor, R the scalar curvature, gµν the metric, κ = 8πG/c4, and Tµν the stress–
energy tensor. We set the cosmological constant Λ = 0 and take −G (the n = −1 branch of §4)
as the repulsive coupling. Two caveats apply. First, the factor λF(r) multiplying only the 1

2Rgµν
term spoils the contracted Bianchi identity, so the left–hand side is not automatically covariantly
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conserved; consistency with ∇µTµν = 0 constrains λF and, as shown in §7, forces λF → 1 (ordinary
general relativity) wherever the curvature varies. Equation (13) is therefore best read as a proposal
whose conserved completion stays close to GTR, not as an established field equation. Second, the −
branch flips the sign of the source Tµν and so violates the standard energy conditions; we adopt it as a
modeling device, its ghost–freedom argued in §7. With these caveats, the aspiration is that such a field
could avoid singularities and permit a multiple–big–bang universe under a single law—but singularity
avoidance is flagged here as a claim to be demonstrated, not a result established. The repulsive and
attractive branches, with the relation (4), are conjectured to arise from graviton–matter interactions
at the quantum level. This wave–like picture is distinct from standard gravitational waves, which are
sourced by accelerating masses; on its own that mechanism is not meant to produce a universe or a
big bang.

We offer a heuristic correspondence—suggestive, not a derivation—between the three terms of
eq. (13) and the graviton attributes of §4: the curvature term carries the factor λF(r) of eq. (13), the
same function used in gF ; the Ricci term Rµν is associated with the momentum deficit q = p − g;
and the source κTµν carries the (temporal) mass content. These are analogies at the level of which
quantity sits where, not matched equations: the three terms are tensors with their own dimensions,
whereas gF and q are scalars, so the correspondence is mnemonic rather than quantitative.

Remark 1 (A speculative global reading). If it is possible to combine all physical quantities of the
universe into this single oscillator structure, then there can be a theorem that all mass–energy cancels
out at any time, or that there is no time at all. This is represented by the condition E = 0, the
exception to eq. (4): T cannot equal 0, since it is the inverse of the frequency, so E = 0 falls outside
the relation. The universe can then have two possible states: (1) it does not exist at all (E = 0), or
(2) it exists as waves of energy E = A/f . In this sense division would be the fundamental concept
underlying the universe’s symmetry breaking, or its existence. The E = 0 alternative echoes the
zero–total–energy universe of Tryon, in which gravitational binding energy cancels mass–energy and
the universe is consistent with arising as a fluctuation about nothing [6]; the mechanism suggested
here (division of a null state into the two branches of the oscillation) is different, but the remark lands
in that established class of zero–energy cosmologies. The oscillator of eq. (2) reflects a time symmetry:
observing the displacement of the particle, one cannot tell whether time is moving forward or backward.
This time symmetry might imply that the universe is eternal. Eternal and cyclic cosmologies have
established representatives—the cyclic model of Steinhardt and Turok [7] and Penrose’s conformal
cyclic cosmology [8]—and the present remark is offered only as adjacent in spirit to that class; no
shared mechanism is claimed. It is metaphysical speculation outside the survival analysis of §7 and
§13.

6 Lagrangian formulation and symmetries

Sections 2–5 stated the mass term, the oscillation, and the graviton relations as postulates. We now
give Lagrangian and conservation–law formulations of them and settle the status of Lorentz invariance.
As will be clear, the graviton kinematics (§6.4) is genuinely derived from four–momentum conservation,
whereas the oscillator and the mass term are given Lagrangian homes that reproduce the postulated
forms but do not by themselves derive the energy relation (4) or the curvature factor λF(r); we flag
those gaps as we reach them.

6.1 The mass–energy oscillator as a Lagrangian system

The oscillation (2)–(3) solves a harmonic Lagrangian—though choosing that Lagrangian to match the
postulated trajectory is itself the modeling input, not an independent derivation. With ω = 2π/T ,
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the trajectory x(t) = ω−1 sinωt obeys ẋ = cosωt = v and

ẍ = −ω2x, (14)

i.e. it extremizes S =
∫︁
Ldt with

L(x, ẋ) = 1
2 ẋ

2 − 1
2ω

2x2,
d

dt

∂L

∂ẋ
− ∂L

∂x
= 0 =⇒ ẍ+ ω2x = 0, (15)

with x(0) = 0, ẋ(0) = 1. The two turning regimes of §3 are now exact: at ωt = 0, π, 2π the speed
is |v| = 1 (the massless, luminal state, ζ = 1), and at ωt = π

2 ,
3π
2 it vanishes (the rest state, ζ = 0).

We emphasize, however, that the relation (4), E = A/f = AT , is not the energy of this Lagrangian
system: the conserved (mechanical) energy of the oscillator above is 1

2 ẋ
2 + 1

2ω
2x2 = 1

2 , a constant
independent of f , while a quantized harmonic oscillator would have E ∝ f—both in conflict with the
postulated E ∝ 1/f . Equation (4) therefore remains an independent posit (as in §3), offered as a
gravitational analogue of the Planck–Einstein/de Broglie relation rather than a consequence of this
Lagrangian; correspondingly A = ξh (eq. (6)) is the dimensional convention of §3, not a derived link
to the Planck constant h. Until it is quantized, the structure is a classical oscillator, not a quantum
one.

A possible string reading. One setting does give the form E ∝ 1/f a concrete origin: a stretched
relativistic string. A fundamental string of length L has static (tension) energy E ≃ TsL, where Ts

is the string tension (not the period T ), and fundamental frequency f ≃ c/2L; eliminating L gives
E ≃ 1

2Tsc (1/f) ≡ A/f with A ≃ 1
2Tsc. This carries the correct dimensions (energy× frequency) and

would fix the otherwise free constant ξ = A/h of eq. (6) in terms of the string scale. We record it
only as a hypothesis: it would require the mass–energy oscillation to be a fundamental string (not
shown here), and would reframe E = A/f as a string—rather than purely gravitational—relation. Its
Swampland implications are noted in §20.

6.2 Action for the temporal mass term

To give eq. (1) a field–theoretic origin, introduce a real scalar φ(x) (a dilaton of the time direction)
and the vierbein

e0 = ζ dt = e−φ dt, ei = dxi (i = 1, 2, 3), ds2 = ηab e
aeb = e−2φdt2 − dx2, (16)

so that g00 = ζ2 = e−2φ reproduces eq. (1) with ζ = e−φ ∈ (0, 1] for φ ≥ 0. The dynamics follow from

S =

∫︂
d4x

√
−g

[︃
1

2κ
R+

M2
φ

2 gµν∂µφ∂νφ− V (φ)

]︃
+ ε Smatter[ gµν ,Ψ ], ε = ±1, (17)

where the kinetic sign is the canonical one in the declared (+,−,−,−) signature. Here Mφ is a
normalization scale, required because φ is dimensionless; the canonically normalized field is σ = Mφφ,
and Mφ = M̄Pl ≡ (8πG)−1/2 is the natural benchmark (the choice is confronted with experiment
in §7.1). Varying φ gives M2

φ□φ = −V ′(φ), with □ = ∂2
t − ∇2. Whether φ oscillates between

φ = 0 (ζ = 1, massless) and large φ (ζ → 0, maximal mass) depends entirely on the potential V (φ),
which is left unspecified here; and φ → ∞ is an unbounded excursion, unlike the bounded harmonic
motion (14), so the identification with the oscillation is an aspiration pending a choice of V . The
quantity Eφ =

∫︁
d3x

{︁
M2

φ

[︁
1
2 φ̇

2 + 1
2(∇φ)2

]︁
+ V (φ)

}︁
is the field energy of φ (here read as a locally

generated rest energy; we write Eφ rather than m0, which names the graviton–absorption threshold
of §4), not the rest mass of a localized particle. Varying gµν gives the standard Einstein equation
carrying the discrete factor ε = ±1 on the matter action, which reproduces the attractive/repulsive
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(G↔nG) branch and the ± in eq. (13). It does not, however, reproduce the curvature factor λF(r):
the action (17) as written is minimally coupled, so its field equation is Rµν − 1

2Rgµν = ±κTµν with
λF ≡ 1. Supplying λF(r) would require an additional non–minimal coupling not included above—
consistent with §5/§7, where conservation forces λF → 1 in any case. Constructing a single V (φ) (and
any λF–generating coupling) is therefore an open task, not one completed here.

The ontology of ζ and mass. We state here, once, how the per–particle language of the earlier
sections should be read. The consistent reading—adopted henceforth—is that ζ(x) = e−φ(x) is a
background dilaton field, part of the geometry and shared by all bodies (§6.3); a “massive particle”
is a localized excitation of φ, and its rest energy is the field energy Eφ defined above. Read this
way, the phrasings of §§2–4—“the rest energy a particle carries,” “P oscillating between massive and
massless,” “a particle converts its mass to gravitons”—are shorthand for a local φ–excitation gaining
or shedding field energy, not claims that mass is an intrinsic per–particle label. There is thus one field
φ, read locally as mass and globally as geometry, and the apparent tension between the per–particle
description of §§2–4 and the background–field description of §6.3 dissolves.

6.3 Symmetry analysis: Lorentz invariance is local, not global

Equation (16) makes the remark of §2 precise. Three statements hold.

(i) Constant ζ preserves global Lorentz invariance. A constant ζ is absorbed by the rescaling
t → ζt; it is a choice of clock unit and leaves the Minkowski line element form–invariant. No
physics depends on a global ζ.

(ii) Position–dependent ζ(x) preserves local Lorentz × diffeomorphism invariance. In
vierbein form the metric ηabe

aeb is manifestly invariant under local Lorentz transformations ea →
Λa

b(x) e
b and under diffeomorphisms. As in general relativity, a varying ζ trades global Poincaré

invariance for local Lorentz invariance plus general covariance, provided ζ is read as a background
field shared by all bodies (the dilaton of §6.2). This is the consistent reading and the one that
resolves the concern of §2: ζ is part of the geometry, not a label for an individual particle’s mass,
so it does not violate the equivalence principle.

(iii) The ζ = 1 → ζ = 0 operation is an anisotropic rescaling of the time leg, e0 → e−φe0:
a genuine, physical change of the metric that generates mass, not a coordinate change. (It is
not a Weyl/conformal transformation, which rescales all legs by a common factor; rescaling the
temporal leg alone changes the geometry, and that is precisely why the operation is physical
rather than a gauge choice.)

For a fixed background ζ(x) the framework therefore breaks Lorentz invariance no more than general
relativity does—global boosts are replaced by the local Lorentz group of the tangent space—but
the mass–generating operation (iii) is an additional, physical deformation beyond GTR’s coordinate
freedom, and it is in that specific sense that the framework goes beyond general relativity. Statement
(iii) also singles out a temporal leg, and choosing that leg is itself physical structure: Part III (§14.1)
shows the choice must be supplied covariantly—by the matter worldline or by a dynamical preferred
vector field—and develops both options.

6.4 Graviton kinematics from four–momentum conservation

The relations (9)–(10) are four–momentum bookkeeping. Let a graviton move along +x with pµG =
(g, g, 0, 0) (massless: energy = momentum = g) and strike a target M of mass m0 = 1 at rest,
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pµM = (1, 0, 0, 0). Afterwards M has velocity v, so p′µM = (γ, γv, 0, 0) with γ = (1 − v2)−1/2. Energy
conservation 1 + g = γ gives

g = γ − 1, (9′)

reproducing eq. (9). With recoil momentum p ≡ γv, single–quantum momentum conservation would
require p = g; instead

p− g = γv − (γ − 1) = 1− γ(1− v) = 1− 1− v√︁
(1− v)(1 + v)

= 1−
√
1− v√
1 + v

, (10′)

which is eq. (10) and is non–zero for 0 < v < 1. This is the familiar kinematic obstruction: a free
massive particle cannot absorb a single massless quantum while conserving both energy and momen-
tum. As in §4, the deficit q ≡ p−g must be supplied for the complete process to conserve momentum:
exactly so in the field–recoil (heavy–source) idealization, in which the surrounding field absorbs four–
momentum (0,−q) with negligible energy cost, whereas a single massless companion quantum cannot
carry (0,−q) and would shift the energy budget (9) by its own energy. The deficit is bookkeeping, not
a literal second attribute of the graviton. This obstruction holds at every finite mass: at fixed graviton
energy g a heavier target reduces the deficit per unit target mass, q/m0 = 1−

√︁
(1− v)/(1 + v) (the

absolute deficit
√︁

g2 + 2m0g − g in fact grows with m0), and reduces the fractional rest–mass shift
≈ g/m0 that exact two–body absorption would require, but never makes single–quantum absorption
exactly conserve momentum; so the threshold m0 of §4 is a phenomenological scale (where q/m0

becomes negligible), not a sharp mass above which absorption is exact.
The same kinematics bears on detectability. The obstruction to single–quantum absorption by

a free mass parallels the impossibility of photoelectric absorption on a free electron, and Dyson has
argued that no physically realizable detector can register a single graviton [9], a conclusion supported
by detailed estimates [10] (though recent quantum–sensing proposals contest the conjecture). The
graviton–exchange picture of §4 should therefore be read as operating below any single–quantum ob-
servability threshold: its confrontations with data are the collective ones of §13, not graviton counting.

With Fischer’s distribution and rs/r =
√
a (with a the post–collision acceleration of §4, numerically

equal to v in the units adopted there), eq. (12) gives gF = (γ − 1)
√︁

1−
√
a, whose limit is exact:

writing v = 1− ϵ (hence a = 1− ϵ by the identification), γ − 1 ≃ (2ϵ)−1/2 and
√︁
1−

√
a ≃

√︁
ϵ/2, so

lim
v→1−

gF = lim
ϵ→0

1√
2ϵ

√︃
ϵ

2
=

1

2
. (18)

Worked example. At v = 0.8 (so a = 0.8 in the same units): γ = 1/
√
1− 0.64 = 1.66, so g = 0.66,

p = γv = 1.33, q = p−g = 0.66 (which equals 1−
√︁
0.2/1.8 = 1− 1

3), and gF = 0.66
√︁
1−

√
0.8 = 0.217.

As v → 1, gF → 1
2 by eq. (18); in the reading of §4 this is the half–mass signature—an interpretation

of the regulated expression, as noted there, rather than a prediction tied to a measured state.

7 Consistency with established physics

We collect the checks expected of any modified–gravity proposal.

Energy–momentum conservation. Diffeomorphism invariance of Smatter in eq. (17) implies, by
Noether’s theorem, ∇µT

µν = 0. Consistency of eq. (13) then requires its left–hand side to be co-
variantly conserved; with the contracted Bianchi identity ∇µ(Rµν − 1

2Rgµν) = 0 this constrains λF(r)
through

∇µ
[︂
Rµν − 1

2RλF(r) gµν

]︂
= 0 =⇒ 1

2 gµν ∂
µ
[︁
R (1− λF(r))

]︁
= 0, (19)
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i.e. R (1 − λF(r)) must be (covariantly) constant. This is a strong constraint. Wherever R ̸= 0
and varies—in particular near the sources, just where the Fischer factor was meant to act—it forces
λF → 1, switching the modification off; and wherever R = 0 the term −1

2RλF gµν vanishes regardless
of λF. Either way the λF(r) modification does no physical work on this (natural) branch: conservation
squeezes it to triviality, and a genuinely non–trivial completion would require the integration–constant
branch λF − 1 ∝ 1/R, which we do not develop. The squeeze to λF → 1 is, moreover, in line with a
general classification rather than an accident of the borrowed ansatz: by Lovelock’s theorem, in four
dimensions the only symmetric, divergence–free rank–two tensors built from the metric and its first
two derivatives are constant linear combinations of Gµν and gµν [11]. Conservation therefore confines
any second–order completion of eq. (13) to the family Gµν + Λ gµν—precisely the two branches of
eq. (19), the integration–constant branch acting as an effective cosmological term—unless new degrees
of freedom are introduced to carry the difference, as in f(R) and scalar–tensor extensions. The
framework’s distinctive field equation thus remains a target, not an established modification of general
relativity. The graviton analysis of §6.4 conserves four–momentum for the complete process; the deficit
q is supplied by the field recoil in the heavy–source completion, so no conservation law is violated.

Linearized limit and Newtonian gravity. A massless spin–2 graviton coupled universally to Tµν

has, at quadratic order, the Fierz–Pauli action and reproduces linearized general relativity [12, 13];
tree–level single–graviton exchange yields the Newtonian 1/r2 force used in eq. (12). If the present
graviton is identified with this Fierz–Pauli quantum, the model inherits the standard weak–field limit—
but this is an identification, not a result: the extra structure attached to the graviton in §4 (the deficit
q, the threshold, the half–mass reading) is no part of the Fierz–Pauli theory. Consistency with that
limit also requires λF → 1 wherever the curvature varies (eq. (19))—which is near the sources, so
λF(r) cannot at once be an active short–distance modification and respect conservation on the natural
branch.

Unitarity and the repulsive branch. The repulsive branch (nG, n < 0) is implemented by the
discrete matter sign ε = −1, i.e. by flipping the source Tµν → −Tµν , not the sign of the graviton kinetic
term. The graviton propagator therefore keeps its correct (ghost–free) sign, so there are no negative–
norm graviton states at linear order. Ghost–freedom is necessary but not sufficient, however: a sign–
flipped source has negative energy density and violates the standard energy conditions, which carries
its own stability concerns (not analyzed here), and the nonlinear and loop behavior is untouched.
The branch is best described as ghost–free at linear order, not as established to be stable. One
classical obstruction must be named. Bondi showed that in general relativity a negative–mass body
paired with a positive–mass one undergoes runaway motion—the pair self–accelerates without bound
while conserving energy and momentum [14]—the textbook difficulty for any sign–flipped gravitational
source. The branch as implemented flips ε for the matter sector as a whole, so no mixed–sign two–
body system is constructed here; but any reading in which the ε = −1 branch coexists with ordinary
matter (as in §13) must confront the runaway problem explicitly, as the bimetric “Janus” model of
Petit and d’Agostini and the negative–mass dark–fluid cosmology of Farnes attempt to do [15, 16].
We record this as an open stability requirement alongside the energy–condition violation noted above.

Graviton phenomenology. Because the graviton is posited strictly massless, gravitational waves
propagate at c, and the GW170817/GRB 170817A bound on the fractional speed difference (−3 ×
10−15 ≤ (vg − c)/c ≤ 7 × 10−16 [17]) and the dispersion bound on the graviton mass (mg ≲ 1.27 ×
10−23 eV/c2 at 90% credibility, from the LIGO–Virgo–KAGRA catalog analyses [18]) are satisfied
trivially—by assumption, rather than as a prediction the model could fail. Universal coupling to Tµν

likewise enforces the weak equivalence principle [13]. These are consistency checks the framework
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passes by construction, not independent confirmations.

7.1 The scalar fifth force and its survival condition

The temporal scalar of §6.2 mediates a force, and the force is constrained; this fixes where in parameter
space the framework can live. Expanding the vierbein metric (16) around flat space gives g00 =
e−2φ ≃ 1 − 2φ with gij = −δij undeformed, and for static matter the variation of Smatter gives
δSm = −1

2

√
−g T 00 δg00 = +

√
−g ρ δφ in the (+,−,−,−) signature (equivalently, from L ≃ −me−φ

below, δSm = +mδφ per particle): the scalar is sourced by rest–energy density. With the minimal
potential V (φ) = 1

2M
2
φm

2
φφ

2—under which small motions of φ are harmonic with the same equation
of motion as eq. (14) (the oscillating variable now being the field amplitude, not the position of §3;
the excursion to φ < 0, i.e. ζ > 1, shows that oscillation about the massless state probes only a
neighborhood of ζ = 1, never the postulated 1 → 0 sweep), and the ζ = 0 endpoint (φ → ∞) is
infinitely costly, enforcing the limiting–idealization reading of §2—the static field equation and its
point–source solution are

M2
φ

(︁
∇2 −m2

φ

)︁
φ = −ρ, φ(r) =

M

4πM2
φ

e−mφr

r
> 0, (20)

so matter drives φ > 0, i.e. ζ < 1 near mass concentrations, consistent with the reading of §2. A slow
test body has L ≃ −me−φ and responds to the same charge (total rest energy) that sources the field,
so the static potential between two masses is Newtonian with a Yukawa correction,

V (r) = − Gm1m2

r

[︂
1 + α e−r/λ

]︂
, α = 2

(︃
M̄Pl

Mφ

)︃2

, λ =
ℏ

mφc
, (21)

and the benchmark Mφ = M̄Pl gives α = 2. Because source and response are both total rest energy,
the force is composition–independent at leading order: the framework predicts an inverse–square–
law violation without a weak–equivalence–principle violation, consistent with the MICROSCOPE null
result at the 10−15 level [19]. Survival then pins the scalar’s mass. A long–range φ deforms g00 but
not gij and so shifts the Shapiro delay at order α; Cassini’s |γ − 1| ≤ 2.3× 10−5 [20] demands Mφ ≳
3 × 102 M̄Pl, which suppresses the force to ≲ 10−5 of gravity at all ranges—survival by decoupling,
with nothing left for the scalar to do. In its slow–motion sector this analysis is standard scalar–
tensor theory, not a bespoke computation: a test body with L ≃ −me−φ carries the matter coupling
A(φ) = e−φ of the tensor–scalar framework of Damour and Esposito-Farèse [21] (their coupling–
function notation, unrelated to the conversion constant A of eq. (4)), in the lineage of Brans–Dicke
theory [22]. For a light scalar the standard PPN result is γ − 1 = −2α/(1 + α), with α the Yukawa
amplitude of eq. (21) (in Brans–Dicke form, α = 1/(3 + 2ω) recovers γ = (1 + ω)/(2 + ω)); with
α = 2(M̄Pl/Mφ)

2 this reproduces the Cassini bound just quoted up to a factor of order unity [20, 23]:
the present g00–only coupling gives γ− 1 = −α/(1+α), hence the quoted Mφ ≳ 3× 102 M̄Pl, whereas
a conformal coupling would give −2α/(1 + α) and Mφ ≳ 4× 102 M̄Pl. The one departure from those
theories is that the present coupling deforms g00 only, not a conformal factor, so the mapping is
exact for the static force between slow bodies and approximate at order unity for light propagation.
Part III shows that the g00–only and conformal readings just compared are precisely the framework’s
two covariant completions (§16), so the order–unity ambiguity is the full space of options, not a loose
end. A temporal scalar that retains the benchmark coupling therefore survives only if its force is
short–ranged. Torsion–balance data place the |α| = 1 frontier at λ = 38.6 µm [24, 25], giving the
framework its first survival condition,

λ ≲ 40 µm ⇐⇒ mφ ≳ 5 meV. (22)
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Part II supplies a natural value of mφ inside this window (§13.1).
We note that eq. (22) is the unscreened survival route. In the wider scalar–tensor literature a

gravitational–strength scalar evades Cassini while remaining detectable at short range through screen-
ing : a chameleon potential gives φ a density–dependent effective mass, large in and near dense matter
and small in vacuum [26], with the symmetron and Vainshtein mechanisms as alternatives [27, 28];
laboratory and astrophysical tests, including those in the micrometer regime targeted in §13.1, are
reviewed in Ref. [29]. Because the potential V (φ) of §6.2 was left unspecified, a chameleon–type V (φ)
is an available refinement of the open task stated there: it would relax the fixed–mass condition into
a density–dependent one while modifying how the short–range target is probed. We flag this as an
option, not a feature of the minimal quadratic potential adopted above.

Open consistency targets. Two quantitative tasks remain, addressed in §13: deriving the observed
dark–sector fractions (ΩΛ≈0.69, ΩDM≈0.26) from the ζ = 0 exchange, and reconciling the DST length
ℓ≈10 µm with the compactification scale.

8 Summary of the original framework

Part I has developed an exploratory framework from a small set of stated assumptions rather than a
body of established results. Its postulates, collected here as P1–P4 and referenced where needed, are
these:

P1. (Temporal mass term) The rest energy a particle carries is encoded in the temporal metric
element, g00 = ζ2 with ζ = e−φ read as a background dilaton field (eq. (1); §2, §6.2).

P2. (Conversion process) A mass–energy conversion process lets an excitation pass between a
massive (ζ → 0) and a massless (ζ = 1) state, modeled as the oscillation (2).

P3. (Conversion energetics) A full conversion cycle carries the phenomenological energy E = A/f
(eq. (4)), with the radiated product fescA bounded by the solar system in §13.3.

P4. (Graviton exchange) The conversion exchanges massless spin–2 gravitons with matter, yield-
ing an attractive and a repulsive (ε = ±1) branch (§4, §5).

Two qualifications carry forward. The one relation derived rather than posited—the graviton kine-
matics of §6.4—gives the standard obstruction that a free mass cannot fully absorb a single quantum,
so the absorption picture is a model completed by externally supplied momentum (field recoil or a
companion quantum), not a closed two–body process; and the modified field equation (13) reduces,
once covariant conservation is imposed (§7), to ordinary general relativity with a discrete source sign,
its distinctive λF(r) factor remaining a target. Part I should therefore be read as a self–consistent set
of proposals to be tested, not as established physics.

Part II keeps every element above and asks two questions. (i) If mass lives in the temporal metric
element, and each interaction deforms spacetime differently as a function of energy, can the single
scalar ζ be promoted to a family of interaction–dependent functions reproducing the four Standard–
Model forces? (ii) If so, what is the geometry of the internal space those functions live in, and which
Standard–Model particles correspond to its shapes? Part III adds a third: what covariant structure
must carry the temporal deformation of P1, and what does it predict in the laboratory?

15



Part II. Alignment and Extension

9 Energy as a coordinate: aligning ζ with the Standard Model

Part I carries mass in the temporal metric element through a single scalar ζ (P1; eq. (1)). The
Standard Model has four interactions, each deforming spacetime in its own way and switching on at
its own energy scale. To align the framework with it, we promote ζ to a family of energy–dependent
functions—one per interaction—by adopting the pentadimensional energy metrics of Deformed Space–
Time (DST) theory (Cardone, Mignani, Benenti and collaborators [30, 31]). We flag at the outset
that DST is a published but heterodox, non–mainstream framework (distinct from the better–known
“doubly special relativity”): its energy–dependent metrics are phenomenological, and the experiments
adduced in their support are the proponents’ own and are not part of the accepted experimental record.
We therefore use the DST metrics as a phenomenological parametrization of how each interaction might
deform spacetime with energy, not as established theory, and the conclusions of Part II inherit this
provisional status.

9.1 The pentadimensional energy metrics

In DST, energy E is promoted from a parameter to a measurable fifth coordinate. One works on a
space–time–energy manifold with length–dimensional coordinates (x0, . . . , x4), where x0 = u t (u the
maximal causal velocity of the interaction), (x1, x2, x3) are spatial lengths, and the fifth coordinate
carries energy through

x4 = k E, [k] = L · energy−1, (23)

so that all gij are dimensionless. Each interaction has its own diagonal, energy–dependent metric, and
the four fall into exactly two algebraic types [31]:

type 1:
(︁
g00, g11, g22, g33, g44

)︁
=

(︁
G(x4), −b1, −b2, −G(x4), ±F (x4)

)︁
, (24)

type 2:
(︁
g00, g11, g22, g33, g44

)︁
=

(︁
1, −G(x4), −G(x4), −G(x4), ±F (x4)

)︁
, (25)

with b1, b2 > 0 dimensionless constants (written α, β in Ref. [31]; renamed here to avoid the Yukawa
strength α of eq. (21)). Here G(x4) > 0 is the characteristic function of the interaction and F (x4) > 0
is the fifth element, the metric component along the energy axis. The sign of g44 = ±F fixes the
genus of the energy axis (timelike +, spacelike −). Each interaction has a threshold energy E0,int,
i.e. x4 int = k E0,int in the length–valued coordinate, at which the metric switches between a flat
(Minkowskian) and a deformed (curved) regime, implemented by a Heaviside step.

9.2 Two metric types are two interaction sectors

The two algebraic types coincide with two physical sectors.

� Type 1—the temporal (massive) sector: gravity and the strong force. The deformation
sits in g00 = G(x4) (and in g33 = −G). These metrics are over–Minkowskian: with the Heaviside
step of §9 the metric is flat (Minkowskian) below threshold (x4 < x4 int) and curved above, growing
past threshold as energy rises. The characteristic functions are

Gg(x4) =
1
4

(︂
1 + x4

x4g

)︂2
=

(x4g + x4)
2

4x24g
(gravitational), Gs(x4) =

(︂
x4
x4s

)︂2
(strong), (26)
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each a power E2 of the energy (exactly for Gs; for Gg asymptotically, x4 ≫ x4g, where the affine
shift becomes negligible—cf. the same caveat for Fg in §9.4).

� Type 2—the spatial (luminal) sector: electromagnetism and the weak force. Here
g00 = 1 (isochronous: the time element does not deform) and the deformation is spatial and
isotropic. These metrics are sub–Minkowskian: with the same Heaviside convention, the metric
is deformed below threshold and reverts to Minkowski above it (“flat as x4 increases”). The
characteristic functions are

Ge(x4) =
(︂

x4
x4e

)︂1/3
(electromagnetic), Gw(x4) =

(︂
x4
x4w

)︂1/3
(weak/leptonic), (27)

each a cube root E1/3 of the energy.

These characteristic functions—and the exponents 2 and 1/3 in them—are phenomenological fits
within DST, not derived from first principles. That the time element deforms for the type–1 sec-
tor (gravity, strong) but not the type–2 sector (electromagnetism, weak) is broadly in the spirit of
Part I—mass, the temporal seat of energy (§2), sits in g00, and the massless photon (g00 = 1) carries
no temporal contraction—but the correspondence is not clean: the strong force has massless gluons
yet falls in the deforming type 1, while the weak sector has the massive W/Z yet falls in the non–
deforming type 2. The sector/g00 assignment is therefore a suggestive parallel, not a derivation of the
Standard Model from Part I.

9.3 The identification ζ2 = 1/Gint

Part I’s ζ and the DST characteristic function G both control the temporal element, but with opposite
conventions: Part I has g00 = ζ2 ≤ 1, contracting as mass grows (ζ → 0), whereas DST’s type–1 metric
is over–Minkowskian, g00 = G ≥ 1, growing with energy. To make the two ranges agree—massless/flat
at low energy, maximal mass at high energy—we identify ζ2 with the inverse of G,

ζ2(x4) =
1

Gint(x4)
=⇒ g

(int)
00 = ζ2 =

1

Gint
, (28)

for the temporal (type 1) interactions. Note that this makes Part I’s g00 the reciprocal of DST’s,
not literally the same component; the identification is thus a deliberate matching of two opposite
conventions, not something forced. With that understood, it reproduces the qualitative features of §2:

� at and below threshold Gint = 1, hence ζ = 1: the flat, massless reference state of §2;

� as energy grows Gint → ∞, hence ζ → 0: the maximum mass–density state of eq. (1);

� the oscillation of eqs. (2)–(3) (P2), in which ζ sweeps between 1 and 0, becomes motion along the
energy coordinate: P is a trajectory x4(t) that repeatedly crosses the threshold x4 int.

For the spatial (type 2) sector g00 = 1 identically, so ζ = 1 at all energies: the electromagnetic and
weak metrics are the permanently luminal, massless–reference branch of the oscillation—the photon
side of the A–versus–h contrast drawn below eq. (4).

Two caveats attach to the identification (28), beyond the reciprocal convention already noted.
First, it matches the temporal components only: the DST type–1 metrics also carry the deformation
in one spatial element, g33 = −G(x4), which has no counterpart in the temporal–only vierbein (16);
aligning that component would require deforming a spatial leg as well, which we do not do. The
alignment is therefore between the temporal components alone (in the reciprocal sense above), not
between the full metrics, and the fifth–force analysis of §7.1 (which assumes gij undeformed) applies to
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the Part–I metric, not to the full type–1 metric. Second, two changes of reading occur here and should
be flagged. ζint depends on the energy coordinate x4, not on spacetime position; along a worldline
the two connect through the trajectory x4(t) of the oscillation, as in the bullet above. And the DST
metrics are interaction–specific: each is the effective geometry probed by processes of that interaction,
not a universal background. The universal background dilaton of §6.2–§6.3—on which the equivalence–
principle and fifth–force analyses of §7.1 rest—is naturally identified with the gravitational member
ζ2g = 1/Gg of the family; the equivalence–principle argument of §6.3 applies to that member only.

9.4 The fifth element, the threshold energies, and a first appearance of the number
six

Within DST the fifth element F (x4) is determined—not separately assumed—by requiring the inter-
action metric to satisfy a (non–normalized) Ricci flow ∂tgij = −Rij in the sense of Hamilton [32].
(The flow parameter t is logically distinct from the energy coordinate x4 on which gij depends; we
take this construction from the DST sources as given.) Solving that condition for each interaction [31]
gives

Fs = Ks x
6
4 , Fg = Kg (x4g + x4)

6, Fe = Ke, Fw = Kw, (29)

with K• > 0 constants. The fifth element of the temporal (gravity, strong) sector is a sixth power
of the energy—exactly so for the strong case, and asymptotically (x4 ≫ x4g) for the gravitational
case, where the affine shift by x4g in (x4g + x4)

6 becomes negligible. The spatial (electromagnetic,
weak) sector is constant. Writing the energy element as a single form, in the DST literature’s notation
b25 = |g44| = F for the fifth diagonal coefficient,

b25(E) ∼ E r, r ∈ Q+ ∪ {0}, (30)

the four interactions select (in the same asymptotic sense for gravity)

r = 6 (gravity, strong), r = 0 (electromagnetism, weak). (31)

The threshold energies quoted by DST [31] are listed in Table 1. These are fitted parameters of the
DST experiments, not independent measurements, and the electromagnetic and gravitational values
(4.5 and 20.2 µeV) sit at micro–eV scales with no standard interpretation as interaction thresholds.
Two values are numerically suggestive—the weak threshold 80.4 GeV equals the W–boson mass,
and the strong threshold 367.5 GeV lies in the electroweak–to–TeV window—but a fitted parameter
agreeing with a known scale is at most a hint, and the W–mass value may simply have been adopted
from it. A further constraint follows from Part I. The thresholds cannot double as the mass of the
temporal scalar: micro–eV masses would give the scalar of §7.1 a Compton wavelength of 0.98–4.4 cm
(20.2 and 4.5 µeV respectively), where torsion–balance data bound |α| ≲ 10−4 [25]—more than four
orders of magnitude below the α ≈ 2 coupling of eq. (21)—in conflict with the survival condition (22).
Within the framework the threshold energies therefore remain scales of the metric deformation, not
particle masses.

Three exponents recur across the DST metrics: the cube root E1/3 of the spatial (electroweak)
characteristic functions; the square E2 of the temporal (gravity/strong) characteristic functions; and
the sixth power E6 of the temporal fifth element. Section 10 proposes to read 1/3, 2 and 6 as
signatures of an order–three (Z3) action, of holomorphic two–cycles, and of the six real dimensions of
a Calabi–Yau threefold. We must be candid that this is a numerical analogy, not a derivation: these
exponents are powers of energy in fitted metric components, and there is no established mathematical
link between the integer 6 in “E6” and the six real dimensions of a Calabi–Yau manifold, or between
a cube–root exponent and a Z3 group action. Matching integers across these unrelated contexts is
suggestive at most, and should not be read as a bridge from the Standard Model to string theory; §10
develops the proposal, but the coincidence of numbers is not evidence for it.
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Table 1: Threshold energies, metric type, characteristic function and fifth element of the four DST
interaction metrics. The exponent r of b25(E) ∼ Er is the power of energy carried by the energy
element of the metric.

Interaction Type Threshold E0 Char. function G(x4) Fifth element F (x4) r

Electromagnetic 2 4.5 µeV (x4/x4e)
1/3 Ke (const.) 0

Gravitational 1 20.2 µeV 1
4 (1 + x4/x4g)

2 Kg(x4g + x4)
6 6

Weak (leptonic) 2 80.4 GeV (x4/x4w)
1/3 Kw (const.) 0

Strong (hadronic) 1 367.5 GeV (x4/x4s)
2 Ks x

6
4 6

10 From five to six dimensions: a Calabi–Yau extension

The extension rests on a geometric proposal: that the nuclear isomap—the two–dimensional honey-
comb chart of the nuclides used in the “Dice–o–topes” model [33]—is not merely bookkeeping but a
projection of a higher–dimensional geometry, advanced in the discussion of Ref. [34] and developed
here with the structure it requires.

10.1 The isomap as a unified coordinate

Two observations frame the construction.

“In this mapping, I can visualize two–dimensional axes: electric (in red) and gravitational (repre-
senting mass or 4D spacetime, in blue) . . . Just as Minkowski space provides the geometric founda-
tion for special relativity, this isomap may reveal a unified geometric framework. And the hexagonal
flame surrounding each atom could represent the 6D compactified geometry of string theory.” [34]

“In this isomap coordinate system, electrical charge extends in one dimension, while mass extends
in another. Spacetime itself appears compactified into a zero–dimensional point . . . this is not a co-
ordinate system where atoms move through spacetime, but rather one where nuclear transmutations
occur . . . [the isomap] may serve as a master key to visualize 6D compactified fields through a 2D
coordinate framework, effectively flattening a 5D Kaluza–Klein theoretical context.” [34]

These statements contain three structural claims, each of which can be made precise:

(i) the isomap carries two emergent axes, an electric axis (charge Z) and a gravitational/mass axis
(mass number A)—the two interaction sectors of §9.2;

(ii) ordinary 3+1 spacetime is compactified to a point on the isomap, so the relevant dynamics is
internal (transmutation), not propagation: the isomap is a slice of the internal configuration
space;

(iii) each hexagonal cell is a 6D compactified geometry, and the picture “flattens a 5D Kaluza–Klein
context” into a 2D chart.

These are evocative observations, and the isomap–as–projection is an interpretive proposal, not a re-
sult: the nuclear chart is a bookkeeping plot of nuclides by charge and mass, and “3+1 spacetime
compactified to a point” means only that spacetime position is not plotted, not that any geometric com-
pactification has been performed. With that understood, we now propose an organizing structure—a
fibration whose fiber is a Calabi–Yau threefold and whose two visible base directions are the charge
and mass axes—and develop it below; its support is the numerical correspondence of §10.5, which (as
§9 cautioned) is analogy, not derivation.
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Figure 1: The nuclear isomap (honeycomb chart of the light nuclides), annotated as in Refs. [33, 34].
The vertical red arrow is the electric axis (proton number Z, the β/+p direction); the horizontal
blue arrow is the gravitational/mass axis (mass number A, the +A direction). The lattice directions
{β,+p,+A,+n,EC} generate the A2 honeycomb ΛA2 of eq. (40); each hexagonal cell is the projected
6D compactified fiber X6 (“the hexagonal flame surrounding each atom”). Steps on this lattice are
nuclear transmutations, not motion through spacetime.

10.2 Kaluza–Klein reduction and the energy circle

The DST pentadimensional metric of §9 is already a Kaluza–Klein (KK) theory: four spacetime
coordinates plus the energy coordinate x4. In KK form the 5D line element is

ds25 = gµν(x) dx
µdxν ± ϕ2(x)

(︁
dx4 +Aµ dx

µ
)︁2
, µ, ν = 0, . . . , 3, (32)

with gµν the 4D metric, Aµ the KK gauge potential, the sign fixed by the genus of the energy axis
(g44 = ±F ), and ϕ the KK scalar (radion) measuring the size of the compact energy direction (distinct
from the temporal dilaton φ of §6.2). Comparing with the DST metrics (24)–(25) identifies the radion
with the fifth element,

ϕ2(x4) =
⃓⃓
g44

⃓⃓
= F (x4). (33)

One can then formally identify the fifth element with a Kaluza–Klein radion, the “energy circle” having
size

√
F . We stress this is only formal: genuine Kaluza–Klein reduction requires the extra dimension

to be a compact, periodic circle, whereas the DST energy coordinate x4 = kE is non–compact and
non–periodic, with no Kaluza–Klein tower; for the temporal sector F = E6 even grows without
bound, so the “circle” does not close. The identification is thus an analogy between a 5D metric
written in KK form and a true KK compactification, not a compactification itself. A five–dimensional
metric whose extra coordinate is non–compact and carries a mass– or energy–like meaning is, however,
not unprecedented: non–compactified (induced–matter, or space–time–matter) Kaluza–Klein theory
treats exactly this case, with the fifth coordinate related to rest mass, and is reviewed alongside
compactified Kaluza–Klein theory by Overduin and Wesson [35]. Read as a member of that class,
the DST energy coordinate is expected to carry no mode tower, which is consistent with—rather
than an embarrassment for—the formal status of eq. (32). With that caveat, the “flattening of a 5D
Kaluza–Klein context” of §10.1 corresponds to the reduction (32): dropping the energy direction leaves
a 4D base, and the isomap then charts the discrete internal labels (Z,A) of eq. (40)—labels of the
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nuclear configuration over which the bundle sits, not residual coordinates of the 5D manifold—with
3+1 spacetime suppressed.

10.3 The Calabi–Yau threefold

String theory is consistent in ten dimensions. The standard route to four observable dimensions writes

M10 = M4 ×X6, (34)

with M4 the 3+1 spacetime and X6 a compact six–real–dimensional internal manifold. Requiring the
compactification to preserve the minimal four–dimensional supersymmetry forces X6 to be a Calabi–
Yau threefold [36].

Definition 1 (Calabi–Yau threefold). A Calabi–Yau threefold X is a compact Kähler manifold of
complex dimension 3 (real dimension 6) satisfying any one of the following equivalent conditions:

(a) the first Chern class vanishes, c1(X) = 0;

(b) X admits a Ricci–flat Kähler metric, Riȷ̄ = 0 (Yau’s theorem [37]);

(c) the holonomy group is contained in SU(3);

(d) there exists a nowhere–vanishing covariantly constant holomorphic (3, 0)–form Ω and a covariantly
constant spinor η, ∇mη = 0.

Condition (b) invites a connection to the present framework, but the connection is by analogy and
should not be overstated. The DST fifth element (29) was obtained within DST from a Ricci flow
∂tgij = −Rij on the five–dimensional energy metric, whereas Calabi–Yau Ricci–flatness Riȷ̄ = 0 is a
condition on a separate six–dimensional internal Kähler manifold. These are different manifolds of
different dimension, and the shared word “Ricci” does not make them one construction: the DST fifth
element F = E6 is energy–dependent and is not a static Ricci–flat fixed point. We therefore do not
claim that “the same machinery” drives both; we note only the suggestive parallel that Ricci–flow
ideas appear on both sides, and we adopt a Calabi–Yau X6 as the internal manifold by the standard
string–theoretic argument above, not as a consequence of the DST construction.

10.4 Topology: Hodge numbers, the Euler characteristic, and generations

The topology of a Calabi–Yau threefold is summarized by its Hodge numbers hp,q = dimHp,q(X).
For a connected Calabi–Yau threefold the Hodge diamond collapses to two independent numbers, h1,1

and h2,1:

h0,0

h1,0 h0,1

h2,0 h1,1 h0,2

h3,0 h2,1 h1,2 h0,3

h3,1 h2,2 h1,3

h3,2 h2,3

h3,3

=

1
0 0

0 h1,1 0
1 h2,1 h2,1 1

0 h1,1 0
0 0

1

(35)

Here h1,1 counts the Kähler (size) moduli—the independent holomorphic two–cycles—and h2,1 the
complex–structure (shape) moduli—the independent three–cycles. The Euler characteristic is

χ(X) = 2
(︁
h1,1 − h2,1

)︁
. (36)
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In heterotic compactification the net number of chiral fermion generations equals half the magnitude
of the Euler number,

Ngen = 1
2

⃓⃓
χ(X)

⃓⃓
=

⃓⃓
h1,1 − h2,1

⃓⃓
. (37)

With the observed Ngen = 3, the internal manifold must satisfy⃓⃓
χ(X)

⃓⃓
= 6 ⇐⇒

⃓⃓
h1,1 − h2,1

⃓⃓
= 3. (38)

The six in the boxed member of eq. (38) is not the six of the internal dimensions but twice the three
generations—a useful caution against reading the two “sixes” as the same thing. We add that neither
is connected to the sixth–power fifth element F ∼ E6: that the integer six recurs (the real dimension
of X6, the Euler number |χ| = 6 for three generations, and the exponent in E6) is a coincidence of a
small integer across unrelated formulae, not a topological identity. The next subsection lays out these
correspondences, with the caution of §9—analogy, not derivation—still in force.

10.5 The exponent dictionary

The exponents of §9.4 acquire a geometric meaning on X6.

� E6 (fifth element, gravity & strong)—six is the real dimension of the Calabi–Yau fiber. The
fiber volume scales as the product of its six length scales; under the single–scale Ricci flow this
becomes a sixth power, Vol(X6) ∼ ℓ6X ∼ F ∼ E6, with ℓX the energy–dependent fiber scale,
distinct from the fixed DST length ℓ of §13.1. The constant Ks = ℓ−6 of eq. (29) is dimensionally
the inverse square of a three–volume [31], K ∼ (Vol)−2, consistent with a six–dimensional internal
volume. Note that this is a further identification, not the Kaluza–Klein one of §10.2: there

√
F

measured the size of the single energy direction, whereas here F is matched to the six–dimensional
volume of the fiber, ϕ2 ∼ Vol(X6). The two readings differ (a common internal length

√
F in each

direction would give Vol ∼ F 3 ∼ E18, not E6); we adopt the volume reading henceforth, so ϕ is
the volume modulus rather than the radius of an energy circle.

� E2 (characteristic function, gravity & strong)—two is the real dimension of a holomorphic
curve (a two–cycle). The temporal characteristic functions Gg, Gs ∼ E2 measure the Kähler area
of the wrapped two–cycle that carries the interaction, and grow as that area grows with energy.

� E1/3 (characteristic function, electromagnetism & weak)—the cube root is the signature
of an order–three symmetry. The simplest Calabi–Yau producing a hexagonal internal geometry
is the orbifold T 6/Z3, where Z3 acts on the three complex coordinates by a cube root of unity,

Z3 : (z1, z2, z3) ↦−→ (ωz1, ωz2, ωz3), ω = e2πi/3, ω3 = 1. (39)

Its fixed points tile the torus in a triangular/hexagonal pattern—the honeycomb of the isomap.
The spatial characteristic functions Ge, Gw ∼ E1/3 carry exactly this cube root.

We collect these as a dictionary between metric exponents and geometric features: areas of two–cycles
(E2, temporal), the cube–root Z3 honeycomb action (E1/3, spatial), and the six–dimensional internal
volume/radion (E6, the fifth element). It must be said plainly that this dictionary is a set of numerical
correspondences, not derivations: each entry matches the number appearing in an energy exponent to
a geometric object that carries the same number, and the weakest—equating a fractional power E1/3

with an order–three Z3 group action—conflates an exponent with a symmetry.
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10.6 The honeycomb fiber and the hexagonal lattice

The two visible isomap axes are the proton number Z (electric, “red”) and the mass number A =
Z + N (gravitational/mass, “blue”), two of the natural lattice directions {+p,+n,+A, β,EC}. The
honeycomb is the two–dimensional A2 lattice—the root lattice of SU(3)—and the Z3 action (39) is
the center Z(SU(3)) = Z3. We caution that these are the same name, not demonstrably the same
SU(3): the A2 symmetry of the nuclide chart is a property of a triangular layout of integer (Z,A)
labels, whereas color SU(3) is the gauge group acting on quark color—a priori unrelated. Asserting
that “the nuclear chart’s hexagonal geometry, the color gauge group, and the orbifold are three faces
of the same A2 structure” is a conjecture resting on the recurrence of SU(3)/Z3 across these settings,
not an established identification. Formally the construction is a fiber bundle

X6 ↪→ E π−−→ ΛA2 , ΛA2 = { (Z,A) } ⊂ R2, (40)

whose base ΛA2 is the isomap honeycomb (charge and mass) and whose fiber over each nuclide is the
compactified X6 (“the hexagonal flame surrounding each atom”). The 3+1 spacetime M4 is fibered
trivially and suppressed (“compactified to a point”), because on the isomap one studies internal
transitions (transmutations) at fixed spacetime location.

Projection onto the honeycomb, and its reverse. Within this proposed fibration the relation
between the six–dimensional description and the two–dimensional isomap is the bundle projection π
together with its inverse, and it can be read in two complementary directions. Forward (6D → 2D):
the honeycomb as a projection. The map π : E → ΛA2 forgets the fiber, sending the entire X6 over a
nuclide to the single base point (Z,A); the image is the A2 honeycomb, each hexagonal cell being the
“shadow” of one compactified X6 (the “hexagonal flame”). This is what “projecting the 6D framework
onto the isomap” means precisely: not a loss of the internal manifold, but a fiberwise collapse of it
to a point of the chart. Reverse (2D → 6D): reconstruction and the dual lattice. The reverse is the
choice of section and fiber—over each honeycomb cell one re–attaches the six–dimensional X6, so the
flat chart “inflates” back to the total space E . There is also a purely two–dimensional sense in which
the honeycomb has a “reverse counterpart”: the hexagonal (Voronoi) tiling of the A2 lattice and the
triangular (Delaunay) tiling are mutually dual—the vertices of one are the face–centers of the other—
and both carry the same A2 root structure. On the isomap the nuclide cells are the hexagons, while
their shared vertices form the dual triangular net along which the lattice steps {+p,+n,+A, β,EC}
act. We stress that this describes the proposed bundle and standard lattice duality; it makes the phrase
“honeycomb and its reverse” precise but is not an independent derivation, and the identification of
the fiber with a physical X6 remains the conjecture of §10.1.

10.7 A worked compactification: the T 6/Z3 orbifold

Earlier sections left the internal manifold unspecified; we now exhibit an explicit candidate—the Z3

orbifold of the six–torus—compute its Hodge numbers, and state the refinement needed for three
generations. It is singled out because its defining symmetry is the cube–root action (39) producing
the isomap honeycomb.

Definition. Take T 6 = C3/Λ with Λ the Z[ω] lattice in each C factor (ω = e2πi/3), and quotient by
the Z3 generator θ : (z1, z2, z3) ↦→ (ωz1, ωz2, ωz3) of eq. (39). Since ω ·Z[ω] = Z[ω] (using ω2 = −1−ω),
the generator θ is well defined on T 6 = C3/Λ; and since Ω = dz1 ∧ dz2 ∧ dz3 ↦→ ω3Ω = Ω, the action
preserves the holomorphic three–form, so the quotient is Calabi–Yau in the orbifold sense; its crepant
resolution X is a smooth Calabi–Yau threefold.
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Untwisted Hodge numbers. The forms surviving the projection are those invariant under θ. A
(1, 1) form dzi∧dz̄j transforms by ω·ω̄ = ω ω2 = ω3 = 1 and is always invariant, giving h1,1unt = 3×3 = 9.

A (2, 1) form dzi∧dzj ∧dz̄k transforms by ω ·ω ·ω2 = ω4 = ω ̸= 1 and never survives, giving h2,1unt = 0.

Twisted Hodge numbers. The generator θ acting as z ↦→ ωz on each T 2 has 3 fixed points
per factor, hence 33 = 27 fixed points on T 6. Resolving each introduces one exceptional divisor,
contributing one (1, 1) class: h1,1tw = 27, h2,1tw = 0. Therefore

h1,1(X) = 9 + 27 = 36, h2,1(X) = 0, χ(X) = 2
(︁
h1,1 − h2,1

)︁
= 72. (41)

These are the standard Hodge data of the Z3 orbifold and give a concrete, computable realization of
the hexagonal fiber X6.

From 36 to 3 generations. Here the construction runs into a real gap. The T 6/Z3 orbifold—the
manifold motivated by the honeycomb cube–root action—gives 1

2 |χ| = 36 net generations, not three.
Reaching |χ| = 6 (eq. (38)) requires either dividing by a further freely–acting symmetry Γ (an extra
ingredient with no honeycomb motivation), or abandoning T 6/Z3 for a different manifold such as
the three–generation manifold of Tian and Yau [38], a free Z3 quotient of a complete–intersection
Calabi–Yau, with (︁

h1,1, h2,1
)︁
= (6, 9), χ = 2(6− 9) = −6, 1

2 |χ| = 3. (42)

But the Tian–Yau manifold is not the T 6/Z3 orbifold and is not the honeycomb cell; calling them “the
same Z3–symmetric family” papers over the fact that the geometry singled out by the isomap (which
yields 36 generations) and the geometry that yields three generations are different Calabi–Yaus. The
observed generation number is therefore imported from known constructions, not produced by the
honeycomb proposal.

The gap can, however, be closed without abandoning the honeycomb geometry. In heterotic
compactification on this same T 6/Z3 orbifold, turning on discrete Wilson lines around the torus
cycles splits the degeneracy among the 27 fixed points and is the classic route to three families:
Ibáñez, Nilles and Quevedo introduced the mechanism [39], and Ibáñez, Kim, Nilles and Quevedo
exhibited Z3 orbifold models with exactly three generations of SU(3)×SU(2)×U(1)n [40]. The price
is additional gauge–background data (the Wilson lines) that the isomap does not itself motivate, and
the family counting proceeds through the orbifold spectrum rather than 1

2 |χ| of a smooth manifold;
but three generations on the Z3 honeycomb orbifold is a known construction, so the requirement is
realizable on the motivated geometry, with Tian–Yau the smooth–manifold alternative.

Cycle volumes and the metric exponents. On X the Kähler form is J =
∑︁h1,1

a=1 ta ωa, with ωa

a basis of H1,1 and ta the Kähler moduli (the areas of the two–cycles Ca, Vol(Ca) =
∫︁
Ca

J = ta).

The total volume is the cubic Vol(X) = 1
6

∫︁
X J ∧ J ∧ J = 1

6 κabctatbtc, with κabc the triple intersection
numbers. Identifying the energy–dependent areas of §10.5, ta(x4) ∼ G(x4) ∼ E2 for the wrapped
(gravity/strong) two–cycles, gives

Vol(X) ∼ t3 ∼
(︁
E2

)︁3
= E6 ∼ F (x4), (43)

which returns the sixth–power fifth element of eq. (29): the volume modulus ϕ2 ∼ F ∼ E6 (eq. (33),
in the volume reading of §10.5) is the cube of a two–cycle area scaling as E2. This “loop closure”
is, however, tautological rather than predictive: it follows from setting the two–cycle area ∝ E2 and
using that a six–volume is the cube of an area (6 = 2× 3), so E6 = (E2)3 is built into the assignment,
not derived. It shows the exponent dictionary of §10.5 is internally consistent on the worked manifold,
not that the geometry is forced by the Standard–Model exponents.
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10.8 The three–layer architecture

Collecting the construction, the framework has three layers, matching the layered picture of Ref. [34]:

Layer Geometry Role

Top M4, Minkowski 3+1 the observable world; STR/GTR of Part I
Middle isomap ΛA2 ⊂ R2 the atomic layer; discrete (Z,A) labels (flattened 5D KK)
Bottom X6, Calabi–Yau threefold the sub–atomic compactified layer

The middle (isomap) layer is the 5D KK theory of §10.2 with 3+1 spacetime suppressed and the
energy circle reduced; the charge/mass directions are the discrete labels (Z,A) of eq. (40), not residual
coordinates of the 5D manifold. The bottom layer is the Calabi–Yau fiber; the top layer is Part I. The
three are glued by the bundle (40) and by the dimension count

4⏞⏟⏟⏞
M4

+ 6⏞⏟⏟⏞
X6

= 10⏞⏟⏟⏞
string

, 4⏞⏟⏟⏞
M4

+ 1⏞⏟⏟⏞
energy x4

= 5⏞⏟⏟⏞
KK

, 2⏞⏟⏟⏞
(Z,A)

= isomap. (44)

The three counts do not sum: the energy coordinate x4 is not an eleventh dimension. Via eqs. (33)
and (43), F = ϕ2 ∼ Vol(X6), so within this proposal motion along x4 is motion in the volume–modulus
direction of X6—the fifth coordinate parametrizes a modulus of the six internal dimensions rather than
adding to them.

Figure 2: The three–layer architecture, in the author’s original schematic from Ref. [34]. The ob-
servable 4D spacetime (top) projects onto the 2D isomap (middle)—the discrete (Z,A) chart of the
flattened 5D Kaluza–Klein context, “the atomic layer”—over each cell of which sits the six–dimensional
compactified manifold X6 (bottom, “the sub–atomic layer”). The middle layer carries the electric (Z)
and mass (A) axes of Fig. 1; the bottom layer is the Calabi–Yau threefold; compare eqs. (40) and (44).
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Figure 2 renders the architecture, realizing with explicit geometry the conjecture that “the isomap
may serve as a master key to visualize 6D compactified fields through a 2D coordinate framework.”

11 Standard–Model particles as geometric shapes of the 6D mani-
fold

We can now answer the motivating question: which Standard–Model particles correspond to the geo-
metric shapes of the six–dimensional manifold? The dictionary is read off X6 (§10.3) using two facts
from string compactification together with the identifications of §10.5.

(1) Gauge bosons can live on cycles and singularities. In string compactifications non–abelian
gauge symmetry can arise from ADE singularities of X6 wrapped by branes: an An−1 singularity
(a chain of n−1 shrinking two–cycles) yields SU(n), so SU(3) color (8 gluons) would come from an
A2 singularity (rank 2, adjoint dimension 8) and SU(2) from an A1 singularity. This mechanism is
standard, but we have not constructed the Standard–Model gauge group SU(3)×SU(2)×U(1) on
the specific X6 of §10.7; we invoke the general possibility, not an exhibited singularity structure.
A further caveat: the Kähler area (volume) of a wrapped cycle sets the gauge coupling (1/g2 ∼
vol), not the gauge–boson mass; the W/Z masses come from electroweak symmetry breaking.
So identifying the weak two–cycle’s area with the 80.4 GeV threshold (Table 1) is a chosen
identification, not a consequence.

(2) Chiral matter multiplicity is topological. Generations are counted by 1
2 |χ(X)| (eq. (37));

|χ| = 6 gives three. As in §10.7 this requires either discrete Wilson lines on the honeycomb T 6/Z3

(where the counting proceeds through the orbifold spectrum rather than 1
2 |χ|) [40] or a manifold

with |χ| = 6 (e.g. Tian–Yau), so the three–generation entries below inherit that gap. The sign of
the energy axis (g44 = ±F , eqs. (24)–(25)) is then associated with the up– vs. down–type members
of a weak doublet, paralleling the two facet signs ±1

2 of the Dice–o–topes neutron [33]—a matching
of binary (±) labels across the frameworks, not a derivation of the doublet structure.

Table 2 gives the full correspondence. It is a proposed dictionary—a heuristic alignment of three
independently constructed frameworks (the present metric framework, DST, and Dice–o–topes), not
a derivation from first principles. Its value is internal consistency: every row respects the metric type
of §9.2, the exponent dictionary of §10.5, and the polyhedral rules of the nuclear model.
Some entries are mutually reinforcing; others rest on numerical coincidences we should not overstate.

� Equating the color triplet with the three complex dimensions of X6 (and with the three genera-
tions) chains three different “threes”—a gauge–group multiplicity, a geometric dimension, and a
topological index—that are not known to be related: suggestive numerology, not an identity.

� The W mass (80.4 GeV) appears both as the DST weak threshold (Table 1) and as the assigned
A1 cycle area, but this is not a prediction: the two are set equal by hand, and (as above) a cycle’s
area fixes a coupling, not a boson mass, so the agreement is an identification, not something the
framework explains.

� The graviton must not be conflated with the volume modulus/radion: the graviton is the spin–2
metric fluctuation, whereas the radion ϕ2 = F is a spin–0 modulus—different fields. At most
the radion is the “size” degree of freedom that the Part I ζ oscillation moves, while the physical
graviton remains the spin–2 quantum of §4.

� The Higgs is placed at the complex–structure (shape) modulus, so that fixing it fixes ζ through
eq. (28). This is an appealing picture but an unverified assignment, and it inherits the speculative
status of the ζ = 0 → ζ = 1 conversion / half–mass reading of §4.
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Table 2: Proposed correspondence between Standard–Model particles and the geometric shapes of
the six–dimensional Calabi–Yau manifold X6, with their realization in the tetrahedral “Dice–o–topes”
nuclear model. “Type” refers to the DST metric class (§9.2); the sign of g44 = ±F fixes the genus of
the energy axis.

Particle(s) SM role / DST
metric

6D Calabi–Yau geometric
shape

Dice–o–topes shape

Photon γ Electromagnetism;
type 2,
isochronous,
Ge∼E1/3, F =
const

The Kähler (1, 1)–form, Poincaré
dual to a rigid two–cycle CP1∼= S2

of fixed area (the “flat reference”
direction, massless: ζ=1)

The red electric axis of the
isomap; the edge–color that
marks charge on a facet

Gluons g
(×8)

Strong SU(3);
type 1, Gs∼E2,
F ∼E6

A2 ADE singularity : a chain of
two shrinking holomorphic
two–cycles (rank 2, adjoint dim.
8); color triplet = the three
complex dimensions of X6

Interior faces of the
quasi–tetrahedral neutron; the
n–n edge–matched bonds (flux
tubes) that glue cells

W±, Z Weak SU(2); type
2, Gw∼E1/3,
threshold
80.4 GeV ≈ MW

A1 singularity : a single shrinking
two–cycle whose Kähler area fixes
the mass scale (threshold = cycle
size)

The trigonal–planar proton
“bearing” in the n–p–n
condition; the polar edges

Up–type
quarks u, c, t

Strong/EM, type
1; g44 = +F
(timelike energy
axis)

Wrapped holomorphic two–cycles
of + genus; three copies from
1
2
|χ| = 3 (three generations)

The two + 1
2
(“positive”) facets

/ pole edges of the neutron
tetrahedron

Down–type
quarks d, s, b

Strong/EM, type
1; g44 = −F
(spacelike energy
axis)

Holomorphic two–cycles of −
genus; intersection partners of the
up–type cycles; three generations

The two − 1
2
(“negative”) facets

of the neutron (the “negative
stuff” / proton holes)

Charged
leptons
e, µ, τ

Weak/EM; type 2,
G∼E1/3

Special Lagrangian three–cycles
(SYZ T 3 fibers); the 1/3 exponent
= the three 1–cycles of T 3; three
homology classes = three
generations

Free negative surface sites
(point defects) available for
occupation

Neutrinos
νe, νµ, ντ

Weak; type 2 Small (vanishing–volume) special
Lagrangian three–cycles; the
covariantly constant
SU(3)–holonomy spinor η (tiny
mass ↔ small cycle)

The unoccupied
“musical–chairs” site that must
remain free (near–massless,
weakly bound)

Higgs H Mass generation;
the ζ=0→ζ=1
conversion /
“half–mass” result
of §4

The complex–structure modulus
that fixes the shape of X6

(conifold / complex deformation);
with the volume modulus it sets ζ
via eq. (28)

The central n–p–n “bearing” /
the “sticky–tack” negative
material that fixes which sites
are occupied

Graviton Gravity (spin 2);
type 1, Gg∼E2,
Fg∼E6

The Calabi–Yau metric itself : a
Kähler–class (volume) fluctuation
= the volume modulus ϕ2 ∼ F
(formally the Kaluza–Klein radion
of eq. (33)); produced by the ζ
oscillation of §3

The whole hexagonal “flame”
(the 6D cell); a global
deformation of the edge
network
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12 Bridge to the geometric nuclear model

The bundle (40)—itself the interpretive proposal of §10.1, not a derived structure—places the Calabi–
Yau over the same honeycomb on which the Dice–o–topes nuclear model [33] is built. We therefore
relate two non–standard constructions (the present Calabi–Yau proposal and the Dice–o–topes model)
over a common lattice: the nuclear model populates each cell with polyhedra, while the present
framework attaches the compactified X6. The dictionary of §11 offers a way to read the polyhedral
rules as Calabi–Yau data, but as a proposed correspondence between two heterodox pictures, not an
established identity.

Tetrahedra and two–cycles. In the Dice–o–topes model the neutron is a quasi–tetrahedron with
two +1

2 and two −1
2 facets and two polar edges, and the proton is trigonal planar. It is tempting to note

that a tetrahedron is the 3–simplex and a triangle the 2–simplex, the kind of cell that appears in toric
triangulations of a Calabi–Yau (the Batyrev reflexive–polytope construction). But this is a coincidence
of shape, not an identity: the polyhedra of the nuclear model represent nucleon arrangements, whereas
toric simplices are abstract lattice cells of a polytope, and nothing connects the two beyond both being
tetrahedra/triangles. In the same spirit the ±1

2 facets are associated with the two genera g44 = ±F
(eqs. (24)–(25)) and the n–n edge–matching with the gluing of toric patches—suggestive parallels of
binary labels and adjacency rules, not derivations.

Spacetime as a point; the transmutation coordinate. On the isomap one plots nuclides by their
internal charge/mass labels and does not plot spacetime position; in the language of [34], “spacetime
appears compactified into a point” and one studies “nuclear transmutations” rather than motion
through M4. Within the proposed fibration this is restated as: the base directions are the internal
(Z,A) moduli and the M4 fiber is suppressed. We caution against the stronger reading that a step
on the honeycomb is “a change of internal Calabi–Yau topology”: a nuclear transmutation changes
proton/neutron content through the strong and weak interactions, and there is no established sense in
which it changes the topology of a compactification manifold—identifying the two is a conjecture of this
framework, not a known correspondence. The suggestion that the isomap is a natural configuration
space for collider, cosmological, and low–energy nuclear processes is likewise speculative, and the
last—low–energy nuclear reactions—should be read with the caution already attached to the DST
program in §9.

The original ζ in the nuclear picture. Because ζ2 = 1/Gint lives in the temporal (gravity/strong)
element (§9.3) and the strong sector is the A2/honeycomb structure (§10.6), the original mass param-
eter is realized nuclearly as the binding geometry of the tetrahedral cells: maximum mass density
(ζ = 0, G → ∞) is maximum cell deformation, and the flat reference (ζ = 1, G = 1, at threshold) is
the undeformed isomap. The dark–matter candidate of §4 (a massive ζ = 0 state without emission) is
a maximally deformed cell that has saturated its free sites; the dark–energy candidate (the repulsive
nG field) is the radion/volume modulus running to large values.

13 Observational constraints and experimental signatures

We now make the model confrontable with data, treating in turn the length scale, the gravitational
sector, a solar–system bound on the conversion constant, the collider sector and cosmology, and
collecting the comparisons in Table 3. Wherever possible, constraints are stated as survival conditions
on the framework’s parameters.
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13.1 The length scale: large extra dimensions versus sub–millimeter gravity

The phenomenological DST length is ℓ ≈ 10 µm (4–8 µm theoretically; we use the combined window
4–10 µm below), introduced in the contested DST program to fix a critical energy density DC = E0/ℓ

3

for “nuclear metamorphosis” [31] (a claim that, like the rest of DST, is not part of accepted physics;
cf. §9). This length is enormous compared with the naive string scale (∼ Planck length); we examine
three readings, but—as shown below—the most testable extra–dimensional one, reading (a), is already
in conflict with data.

(a) Large–extra–dimension reading. In an ADD–type scenario [41] with n internal dimensions of
common radius R, the Planck mass is generated from a lower fundamental scale M∗ by

M2
Pl = M n+2

∗ Rn, =⇒ R =
1

M∗

(︃
MPl

M∗

)︃2/n

. (45)

Identifying R ∼ ℓ ≈ 10 µm and MPl = 1.22 × 1019 GeV, two large dimensions (n = 2) give M∗ =
MPl (M∗ℓ)

−1, i.e. M∗ ∼ (MPl/ℓ)
1/2 ∼ O(10) TeV in natural units (numerically ≈ 15 TeV using

ℏc=1.97 × 10−10GeV ·µm), in line with the standard ADD relation that ∼ 10 µm two–dimensional
compactifications lower gravity’s scale to the TeV range. Here ℓ would be the radius of the large part
of the internal manifold, the remaining four dimensions of X6 being small—a strongly anisotropic
configuration that is not, however, a controlled Calabi–Yau threefold (a genuine CY compactification
is not split into 2 micron–scale plus 4 Planckian directions), so reading (a) sits awkwardly with the
Calabi–Yau picture of §10.

(b) Effective–cell reading. Alternatively ℓ is the coarse–grained radius of one visible honeycomb
cell, with the microscopic radius of X6 Planckian; then there is no sub–millimeter signature and no
scale conflict, at the cost of no near–term test.

(c) Compton–wavelength reading. A third reading identifies ℓ with the Compton wavelength of the
temporal scalar of §7.1:

mφ =
ℏ
c ℓ

≈ 20–50 meV (ℓ = 10 µm and 4 µm, respectively), α ≈ 2, λ = ℓ ≈ 4–10 µm .

(46)
This satisfies the survival condition (22) automatically and converts the DST length into a laboratory
target: an order–unity Yukawa correction to gravity at micrometer range, with no accompanying
equivalence–principle violation (§7.1). Current data allow it—|α| = 1 is probed only down to λ =
38.6 µm [24], and present limits at λ ≈ 10 µm allow |α| of order 103 or larger—and the target sits in the
window that proposed microscale–resonator and levitated–sensor experiments aim to probe [42, 43].
Unlike reading (a), a single gravitationally coupled meV–scale scalar also evades the astrophysical
energy–loss bounds, its emission suppressed by 1/M̄2

Pl with no tower of modes: its nucleon coupling
∼ mN/M̄Pl ∼ 4 × 10−19 lies far below the gN ≲ 5 × 10−14 reach of the leading neutron–star–cooling
bounds, which moreover apply only above ∼0.1 eV masses [44]. The scale is numerically suggestive—

λ = 10 µm is about one eighth of the dark–energy length ℏc/ρ1/4Λ ≈ 85 µm, and mφ ≈ 10 ρ
1/4
Λ —but

we note this without weight: a naive vacuum contribution m4
φ exceeds ρΛ by over three orders of

magnitude, so the cosmological–constant problem is untouched. The prediction is falsifiable but not
unique to this framework: any scalar of gravitational strength and meV mass produces eq. (21); what
is specific here is the prior on (α, λ)—α fixed at 2 by the Planck–normalized temporal coupling, λ
fixed by the independently quoted DST length. Part III (§18) adds an independent motivation for the
same window: it is where a Planck–coupled scalar’s mass is radiatively natural for a matter–sector
cutoff of 12–40 TeV.

Two experimental facts bear on reading (a). Direct torsion–balance tests of Newton’s inverse–
square law (Eöt–Wash) currently probe Yukawa deviations down to λ = 38.6 µm at |α| = 1 (56 µm
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in the earlier Ref. [45]) [24, 46], so a radius ℓ ≈ 10 µm lies just below present short–range sensitivity;
taken alone this would make reading (a) an imminent test. However, the same n = 2 scenario is
already excluded by astrophysical energy–loss bounds: graviton emission into two large dimensions
from SN1987A requires the fundamental scale M∗ ≳ 50 TeV and the radius R ≲ 0.3 µm for n = 2 [47]
(numbers in that reference’s convention; in the convention of eq. (45), M∗ = 50 TeV corresponds to
R ≈ 1 µm), with neutron–star heating bounds stronger still—far from ℓ ≈ 10 µm and M∗ ≈ 15 TeV.
Reading (a) at ℓ ≈ 10 µm is therefore not a live prediction but a scenario in conflict with existing
data; reading (b), with a Planckian X6 and no sub–millimeter signature, survives—at the cost of
no near–term test—and reading (c) survives and is testable: an order–unity Yukawa excess in the
4–10 µm window with a null equivalence–principle signal would be the framework’s signature, while
a null inverse–square–law result at (α, λ) = (2, 4 µm) would close this last laboratory branch.

13.2 Gravitational sector

The graviton is posited massless and spin 2 (P4), so the GW170817/GRB 170817A speed bound
(|vg − c|/c ≲ 3 × 10−15 [17]) and the catalog dispersion bound on the graviton mass (mg ≲ 1.27 ×
10−23 eV/c2 [18]) are satisfied by construction (§7): they confirm masslessness, which the model takes
as input, not the model itself. The repulsive branch (nG, ε = −1) is offered as a candidate for cosmic
acceleration, but its equation of state is not derived : a sign–flipped source Tµν → −Tµν violates the
energy conditions and is not shown to behave as a w ≃ −1 component (flipping the sign of ordinary
matter preserves its w; it does not produce w = −1), so “w ≃ −1” is an aspiration, not a result.
Solar–system tests are passed because, by eq. (19), conservation drives the theory back to ordinary
general relativity (λF → 1) wherever the curvature varies—which, as noted in §7, is precisely near the
sources; the model is safe here exactly because its distinctive modification does no work, not because
a Fischer factor is actively reshaping solar–system gravity.

13.3 A solar–system bound on the conversion constant

The relation E = A/f (P3; §3) acquires its own survival condition from the solar system. It assigns
to a nucleon (mNc2 ≃ 938 MeV = 1.50 × 10−10 J) a conversion period T = mNc2/A; nucleons are
the natural oscillating units in the nuclear reading of Part II. Let fesc ∈ [0, 1] be the net fraction of
a cycle’s energy that escapes as radiated gravitons rather than being reabsorbed (§4). Bulk matter
then loses mass at the fractional rate

Γ =
|Ṁ |
M

=
fescA

mNc2
. (47)

Planetary ephemerides measure the drift of the Sun’s gravitational parameter: MESSENGER ranging
gives d(GM⊙)/dt

GM⊙
= −(6.13 ± 1.47) × 10−14 yr−1 [48], read here as a mass–loss rate under Ġ = 0

(a reading independently supported by the Ġ/G bounds of Ref. [49]), while the known channels
(radiation, wind, infall) account for −(0.9–1.3) × 10−13 yr−1 [49]. The measured drift is in fact
smaller in magnitude than the modeled channels, so any additional unmodeled loss is bounded at the
few×10−14 yr−1 level by the joint uncertainties of the two determinations. Adopting the conservative
ceiling Γ ≤ 1× 10−13 yr−1 = 3.2× 10−21 s−1, the framework survives only with

fescA ≤ 4.8× 10−31 W, ξ =
A

h
≤ 7.2× 102

fesc
s−2, T =

mNc2

A
≥ 1.0× 1013 fesc yr (48)

(quoted as ≲ 5 × 10−31 W elsewhere in the text; the stricter few×10−14 reading tightens these by
a factor ∼ 3). Only the product fescA is bounded: a perfectly reabsorbing cycle (fesc = 0) escapes
the ephemeris bound, but at the price of abandoning the graviton–exchange phenomenology of §4.
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With fesc of order unity the free constant of §3 is free no longer: the characteristic frequency obeys√
ξ ≲ 27 Hz, and a nucleon’s full conversion cycle exceeds ten trillion years. Two consequences

are immediate. (a) Mass–energy conversion in ordinary matter is at most a super–Hubble process:
the big–bang–like instability speculated in §3 cannot involve present–epoch baryons, consistent with
reading it as a primordial state. (b) The stretched–string reading of §6.1 is retired for ordinary
matter: A ≤ 4.8 × 10−31 W implies a string tension Ts = 2A/c ≲ 3 × 10−39 N, i.e. a quantum string
length ℓs =

√︁
ℏc/(2πTs) ≈ 106 m (the scale set by the Regge slope α′ = ℏc/(2πTs)); equivalently, a

stretched string carrying one nucleon’s rest energy would have length L = mNc2/Ts ∼ 5× 1028 m and
fundamental frequency f = c/2L ≃ 3 × 10−21 Hz, whose period 1/f is precisely the super–Hubble
conversion period T above. Only the asymptotically tensionless (emergent–string) limit discussed in
§20 survives, and only as a statement about the far infrared. The collider implications of the bound
are taken up in the next subsection.

13.4 Collider sector: the half–mass signature

Equations (12) and (18) give, in the maximal–conversion regime (mass stored at ζ = 0 fully converted,
recoil velocity v → 1), a regulated limit gF → 1

2 that one may interpret as mass converting half
to graviton energy and half to graviton momentum. We stress (as in §4 and §6.4) that this is an
interpretation of a phenomenological regulator, not a firm prediction. The momentum half, if real,
would be radiated as gravitons and register as missing energy/momentum, so the putative observable
is an excess of missing transverse momentum in high–density conversion events, or a state carrying
half its expected mass. No such half–mass state is observed—the Higgs, for instance, is measured at
125 GeV with no such deficit—so the proposal functions at best as a bound: with LHC missing–energy
resolution at the few–GeV level, the absence of a half–mass deficit in precision channels limits any
such conversion rate. The bound of §13.3 makes the limit quantitative: under a state–independent A,
the conversion probability per nucleon over a collision time ∼ 10−25 s is ∼ 10−46, far below collider
reach. The channel survives only if conversion is threshold–activated (the DST Heaviside step at 80.4
or 367.5 GeV, Table 1), in which case the low–energy bound decouples and missing–energy searches
apply with an unconstrained rate; that loophole is flagged, not resolved.

13.5 Cosmological sector

The ζ = 0 state without emission is offered as a dark–matter candidate and the repulsive nG field
as a dark–energy candidate (§4), exchangeable at the limit ζ = 0. These remain analogies: to match
observation the model would have to reproduce the Planck fractions ΩΛ ≈ 0.69 and ΩDM ≈ 0.26 [50],
and deriving these from the exchange dynamics is an open task, not one carried out here. The
qualitative conjecture—not yet a quantitative, testable prediction—is that the dark–energy and dark–
matter densities are not independent but trade off through the ζ = 0 channel, giving a correlated
evolution rather than a fixed cosmological constant. The bound of §13.3 sharpens the conjecture
into a survival statement. Feeding the observed dark–energy density from baryonic conversion over a
Hubble time would require

Γb ∼ ρΛ
ρb

H0 ≈ 14H0 ≈ 1× 10−9 yr−1, (49)

four orders of magnitude above the ephemeris ceiling of eq. (48): ordinary matter cannot participate
at cosmologically relevant rates, and the exchange survives only if confined to the dark sector itself
(dark matter ↔ dark energy), to which solar–system bounds are blind. The surviving branch falls
in the established interacting–dark–energy class, in which a covariant exchange current couples the
dark components, ∇µT

µν
DM = Qν = −∇µT

µν
DE; the model space, its effective evolving w(z), and current
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observational constraints are reviewed in Refs. [51, 52]. The conjecture here is a so–far–unspecified
member of that class, and the w(z) test below is its standard discriminator. Current BAO data
show a mild (2.8–4.2σ, sample–dependent) preference for evolving dark energy [53]; if that preference
consolidates, a dark–sector–internal exchange is the conjecture’s natural home, and if instead w = −1
hardens, this branch closes as well. DESI completed its five–year survey in 2026, with full–survey
constraints expected in 2027, and the robustness of the evolving–w preference is itself debated—
consistent with the provisional reading adopted here. Either way the conjecture is now phrased as a
test rather than an analogy.

Table 3: Predictions of the model versus current constraints. “Status” indicates whether the entry
is consistent (✓), open (?), excluded, bounded (constrained but not excluded), imported (taken from
known constructions), or by hand / by construction (an assumption, not a test the model could fail).

Prediction Observable Current constraint Status

Massless spin–2
graviton

GW speed; graviton mass |vg − c|/c ≲ 3× 10−15 [17];
mg ≲ 1.27× 10−23 eV [18]

✓ (constr.)

Large dimension
ℓ≈10µm (reading a)

Inverse–square–law
deviation; astrophysical
energy loss

Direct tests reach λ = 38.6µm at
|α| = 1 [24, 46]; SN1987A needs
R≲0.3µm (n=2) [47]

excluded

Half–mass
interpretation
(speculative)

Missing ET in dense
conversion

LHC Emiss
T resolution ∼few GeV;

no such state seen; rate ∼10−46

per collision unless
threshold–activated (§13.3)

?

Three generations |χ(X)| = 6 Ngen = 3 obs.; honeycomb T 6/Z3

standard embedding gives 36;
three families need discrete
Wilson lines [40] or Tian–Yau

imported
(realizable on
T 6/Z3)

Weak threshold ↔ MW A1 cycle area (sets coupling,
not mass)

80.4 GeV [31]; equals MW by
identification

by hand

Correlated dark sector
(conjecture)

ΩΛ,ΩDM co–evolution ΩΛ≈0.69, ΩDM≈0.26 [50];
fractions not derived here (w(z)
test: last row)

?

Long–range temporal
scalar

Shapiro delay; light bending Cassini: |γ − 1| ≤ 2.3× 10−5 [20];
survives only if decoupled
(α ≲ 10−5)

excluded at
benchmark

Scalar mass at DST
thresholds

ISL at λ ≈ 1–4.4 cm |α| ≲ 10−4 at cm range [25, 46] excluded

Scalar mass at DST
length

α≈2 Yukawa at
λ = 4–10µm

allowed; below current
sensitivity [24, 42, 43]

?

Conversion constant A anomalous solar mass loss ephemerides [48, 49]:
fescA≲5× 10−31 W

bounded

Baryon–fed dark energy required Γb∼10−9 yr−1 ephemeris ceiling ∼10−13 yr−1 excluded

Dark–sector–internal
exchange

evolving w(z) mild BAO preference
(2.8–4.2σ) [53]

?
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Part III. The Temporal Scalar:

Covariant Formulation and the Laboratory Target

Part I placed rest energy in the temporal metric element through the scalar φ, realized it as a field
(§6.2), and derived its fifth force and survival condition (§7.1); Part II identified the laboratory window
(§13.1). This Part supplies what the temporal mass term still requires in order to be a theory—its
covariant formulation (§14)—and shows that the two formulations share the static phenomenology
of §7.1 and differ only in light propagation (§15–§16), that the preferred–frame effects of the literal
reading are screened (§17), that the surviving window has an independent radiative motivation (§18),
and that the laboratory target comes with discriminators and stated outcomes (§19). The derivations
are standard–methods computations, collected in Appendices B–C.

14 Two covariant completions of the temporal coupling

14.1 The gap

Part I’s hypothesis, stated in the frame in which a body is at rest, is the line element (restating
eq. (16))

ds2 = e−2φ dt2 − dx2. (50)

It deforms the time–time component of the metric and nothing else. But “the time–time component”
is a frame-dependent notion: under a boost, a deformation of g00 alone becomes a deformation of
g00, g0i, and gij together. A law of physics cannot be stated as a condition on components in an
unspecified frame. To promote eq. (50) to a theory one must supply a covariant object that selects
the temporal direction. There are two natural candidates: the matter’s own four-velocity, or an
independent, universal timelike vector field. These give inequivalent theories, which we develop in
turn. In both, gravity itself is standard: the gravitational metric gµν carries the Einstein–Hilbert term
of eq. (17), and the scalar sector is that action’s kinetic term with the minimal quadratic potential of
§7.1 now fixed,

Sφ =

∫︂
d4x

√
−g

[︂
M2

φ

2 gµν∂µφ∂νφ − M2
φm

2
φ

2 φ2
]︂
, (51)

with σ = Mφφ the canonically normalized field. What differs between completions is only the matter
coupling.

14.2 Completion A: deformation along the matter worldline

Let the temporal direction be the body’s own. For a point particle with four-velocity Uµ = dxµ/dτ
(normalized gµνU

µUν = 1), define the matter metric

g̃(A)
µν = gµν −

(︁
1− e−2φ

)︁
UµUν . (52)

Because the worldline tangent is parallel to Uµ, the particle action collapses:

Spp = −m

∫︂ √︂
g̃
(A)
µν dxµdxν = −m

∫︂
e−φ

√︁
gµν dxµdxν = −m

∫︂
e−φ dτ. (53)
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This is precisely the universal coupling function A(φ) = e−φ of tensor–scalar theory in the formulation
of Damour and Esposito-Farèse [21], already identified in §7.1 (where the notational clash with the
conversion constant A and the Brans–Dicke lineage are noted); the statement added here is the
coupling strength: d lnA/dφ = −1 in the present normalization of φ, i.e. α0 = −

√
2 M̄Pl/Mφ in the

canonical normalization of Ref. [21], whose square is the Yukawa strength α of eq. (21). Completion A
is therefore not a new theory but the identification of eq. (50) with a standard, fully Lorentz-invariant
one. Two features follow immediately. (i) For point particles, a deformation “along the worldline”
and a conformal deformation are indistinguishable, since only the tangent direction enters the action;
the distinction matters only for fields. (ii) Massless particles have no rest-mass coupling: photons
decouple from φ at tree level, which fixes the light-propagation phenomenology of §16.

14.3 Completion B: deformation along a universal preferred time

Let the temporal direction instead be universal: a unit timelike vector field uµ (gµνu
µuν = 1), shared

by all matter. To keep diffeomorphism invariance and energy–momentum conservation, uµ must be
dynamical. We take it hypersurface-orthogonal, derived from a khronon field T (x),

uµ =
∂µT√︁

gαβ ∂αT ∂βT
, (54)

with the standard khronometric kinetic terms [54, 55, 56]

Su = −
M̄2

Pl

2

∫︂
d4x

√
−g

[︂
βkh (∇µu

ν)(∇νu
µ) + λkh (∇µu

µ)2 + αkh aµa
µ
]︂
, aµ = uν∇νu

µ. (55)

All matter fields Ψ then couple to the single effective metric

g̃µν = gµν −
(︁
1− e−2φ

)︁
uµuν Sm = Sm[ g̃µν ,Ψ ]. (56)

In the preferred frame (uµ = δ0µ, gµν = ηµν) this is exactly eq. (50): g̃00 = e−2φ, g̃ij = −δij . Equa-
tion (56) is a disformal coupling along uµ with a φ-dependent disformal factor; disformal couplings and
khronometric gravity are each standard, and completion B is their combination. Its useful elementary
properties (derived in Appendix B) are:

(i) Non-degeneracy. det g̃ = e−2φ det g and g̃µν = gµν + (e2φ − 1)uµuν ; the matter metric stays
Lorentzian for all finite φ.

(ii) Causal safety. For φ > 0 (the sign sourced by matter, §7.1) the matter light cone lies inside
the gravity cone: the maximal matter speed in the preferred frame is e−φ ≤ 1, while gravitons
propagate on gµν at speed 1. There is therefore no gravi-Cherenkov instability (which would arise
if matter could outrun gravity). Photon–graviton speed comparisons (e.g. GW170817 [17]) are
also safe, because ambient φ backgrounds are Yukawa-suppressed to negligible values away from
matter (§17).

(iii) Screened Lorentz violation. At φ = 0, g̃µν = gµν and matter decouples from uµ entirely.
All Lorentz-violating matter phenomenology is proportional to (1− e−2φ) ≈ 2φ and is therefore
confined to within the Yukawa range λ of mass concentrations. The preferred frame is invisible
except in the same micrometer window where the force itself lives.

The gravity–khronon sector of completion B is constrained independently of φ: GW170817 requires
the tensor-mode speed to equal c to ∼10−15, forcing |βkh| ≲ 10−15 [17, 57], while preferred-frame PPN
parameters (α1 ≲ 10−4, α2 ≲ 10−7 [23]) and binary-pulsar observations [58] bound αkh and λkh at the
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10−4–10−7 level. A viable corner of khronometric parameter space satisfying all of these exists [57, 58];
we do not need its details, only its existence. One caveat is inherited from the khronometric literature:
the limit in which all khronon couplings are taken to zero is strongly coupled rather than smoothly
decoupling [55], so completion B should be regarded as an effective theory whose ultraviolet completion
(à la Hořava [54]) is assumed rather than exhibited.

14.4 Which completion is the hypothesis?

Part I’s language—a universal background field, “part of the geometry and shared by all bodies”
(§6.2, §6.3)—selects completion B as the literal reading, with completion A as the Lorentz-invariant
fallback. The central result of this Part is that the choice barely matters observationally: the two
completions agree on the entire leading-order static phenomenology (§15), differ in the excluded long-
range regime (§16), and differ in the surviving short-range window only through preferred-frame
corrections suppressed by v2/c2 ∼ 10−6 (§17). The laboratory target of §19 is robust across the
ambiguity.

15 Static phenomenology: one force, both completions

For a static, nonrelativistic source both completions reduce to the same coupling: a body of mass
m at rest contributes L = −me−φ (eq. (53) for completion A; eq. (56) evaluated in the preferred
frame for completion B). The static analysis of §7.1 therefore holds verbatim in both: matter sources
φ > 0 through eq. (20), and the force between two bodies is the Yukawa correction of eq. (21) with
α = 2(M̄Pl/Mφ)

2, equal to 2 at the benchmark Mφ = M̄Pl. Appendix B re–derives this directly
from the disformal structure, including the sign: like scalar charges attract, so the correction adds to
gravity.

Equivalence principle. The scalar charge is the body’s total rest energy—the same quantity that
sources gravity—so the force is composition-independent at leading order and the WEP is preserved,
as stated in §7.1. Two qualifications keep this honest. (i) At the microscopic level, matching a
universal e−φ factor onto the fields of the Standard Model generically induces small composition-
dependent residuals, as quantified for general dilatons by Damour and Donoghue [59]; for a force
of micrometer range these residuals are unobservable in current WEP experiments, which operate
at ranges (laboratory to satellite, e.g. MICROSCOPE [19]) where the Yukawa factor is zero to any
relevant accuracy. (ii) The prediction of a null short-range WEP signal is therefore currently untestable
in isolation; it becomes a discriminator only after an ISL anomaly is found (§19).

No screening. With the minimal quadratic potential (51) the scalar has no chameleon or symmetron
mechanism [26, 27]: its mass is environment-independent, and the in-matter background value is
minute (for laboratory densities, φeq = ρ/(M2

φm
2
φ) ∼ 10−32). Torsion-balance limits therefore apply

to it directly, without the screening caveats that complicate chameleon searches [29]—and, by the same
token, a detected signal with environment-dependent strength would exclude this scalar (§19). The
chameleon-type refinement flagged in §7.1 remains available but is no feature of the minimal choice.

16 Light propagation and the excluded long-range regime

If mφ is small enough that λ reaches solar-system scales, the completions become distinguishable
through light propagation—and both are excluded. In the weak field of a mass M the Einstein metric
carries the standard potentials Φg (γGR = 1); massive bodies orbit in the potential (1 + α)Φg in
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both completions, while light is deflected by 2Φg in completion A (photons decouple from φ) and by
(2 + α)Φg in completion B (photons see g̃00 = e−2φg00 but undeformed g̃ij). Fitting the observed
deflection against the orbitally calibrated mass (1 + α)GM gives the effective Eddington parameter
(Appendix C)

γ − 1 = − 2α

1 + α
(completion A), γ − 1 = − α

1 + α
(completion B). (57)

These are exactly the two numbers quoted in §7.1: the “g00–only” and “conformal” readings compared
there are not alternative conventions but the framework’s two covariant completions, and eq. (57)
exhausts the options. Cassini’s |γ − 1| ≤ 2.3 × 10−5 [20] then demands α ≲ 1.2 × 10−5 (A) or
2.3× 10−5 (B): in either completion a long-range temporal scalar survives only by decoupling, Mφ ≳
(3–4) × 102 M̄Pl, with nothing left for it to do—the conclusion of §7.1, now shown to be completion-
independent.

At the benchmark α = 2 the torsion-balance data of §7.1 place the frontier at λ ≈ 35 µm (the
|α| = 1 crossing is at 38.6 µm [24]), which the survival condition (22) rounds outward to the reference
value 40 µm; in mass terms, mφ = 5, 20, 50 meV correspond to λ = 39.5, 9.9, 3.9 µm. Below
a micrometer, Casimir backgrounds dominate and existing bounds allow |α| ≫ 1; the practically
decisive window over the coming decade is λ ≈ 1–40 µm [42, 43, 60].

17 Preferred-frame effects and their screening (completion B)

Completion B breaks Lorentz invariance in the matter sector, and the honest question is whether the
breaking is observable. Expand the point-particle Lagrangian in the preferred frame in weak fields
and small velocities:

LB = −m
√︁
e−2φ − v2 ≈ −m+ 1

2mv2+mφ
(︂
1+ v2

2

)︂
+. . . , LA ≈ −m+ 1

2mv2+mφ
(︂
1− v2

2

)︂
+. . .

(58)
The two completions differ only in the sign of the O(φv2) term: in completion B a body’s scalar charge
grows with speed through the preferred frame; in completion A it shrinks with speed through its own
instantaneous rest sequence. Three suppressions stack up:

(i) the effect rides on the Yukawa force itself, so it vanishes beyond λ ≲ 40 µm from the source—all
solar-system and astrophysical preferred-frame tests (which bound the PPN parameters α1, α2

through long-range dynamics) are blind to it;

(ii) its fractional size relative to the (undetected) Yukawa force is v2/c2; for a laboratory moving at
v ≈ 370 km/s through the cosmic rest frame, v2/c2 ≈ 1.5 × 10−6, modulated at sidereal and
annual periods;

(iii) the khronon field itself is sourced by matter only through φ-dependent terms, so no long-range
khronon hair is attached to bodies.

The conclusion cuts both ways. Safety: completion B passes every existing Lorentz-invariance test not
because the breaking is tuned small but because the coupling structure (56) confines it within microns
of matter; the gravity-sector khronon constraints of §14.3 are the only ones with independent force, and
they are satisfiable. Degeneracy: distinguishing completions A and B experimentally would require
measuring the Yukawa amplitude itself to a fractional precision of 10−6 and resolving its sidereal
modulation—far beyond any foreseeable experiment. For every practical purpose the two completions
are one phenomenology, eq. (21), and the foundational ambiguity of §14.1, though it must be settled
for the theory to be well defined, does not destabilize the laboratory target.
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18 Radiative naturalness of the meV window

The window (22) acquires an independent motivation from radiative stability. A scalar coupled to
matter with strength 1/Mφ receives mass corrections from matter loops; with heavy matter states at
scale Λ, the standard one-loop estimate is

δm2
φ ∼ Λ4

16π2M2
φ

=⇒ mnat
φ ∼ Λ2

4πMφ
. (59)

For the benchmark Mφ = M̄Pl this gives a striking dictionary between the scalar’s range and the
heaviest matter it couples to:

mnat
φ ≈

⎧⎪⎪⎨⎪⎪⎩
1 µeV (λ ≈ 20 cm) Λ ∼ mt (Standard Model only),

3 meV (λ ≈ 66 µm) Λ ≈ 10 TeV,

30 meV (λ ≈ 6.6 µm) Λ ≈ 30 TeV.

(60)

Read forward: if this scalar exists with α = 2, the µeV-scale mass (∼20 cm range) that the Standard
Model alone would give it is excluded by torsion-balance data by several orders of magnitude [25],
so either its mass is fine-tuned upward or matter loops beyond the Standard Model—new states at
Λ ≈ 12–40 TeV, just beyond collider reach—push it naturally into the surviving window: for example,

mφ = 5–50 meV corresponds to Λ =
√︂

4πM̄Plmφ ≈ 12–40 TeV (the practically decisive window,

λ ≈ 1–40 µm, extends to mφ ≈ 200 meV, i.e. Λ ≈ 80 TeV). Read backward: the experimentally
surviving window is exactly the radiatively natural one for a Planck-coupled scalar in a matter sector
with an O(10 TeV) cutoff. This is the same infrared–ultraviolet connection that underlies the classic
association of sub-millimeter gravity tests with TeV-scale physics [41], here running through a loop
estimate rather than extra dimensions.

Three honest caveats, and one open question. The estimate (59) carries unknown O(1) coefficients
and assumes quadratic cutoff sensitivity; a supersymmetric or otherwise protected matter sector would
soften it. The numerical proximity of mφ to the dark-energy scale was already noted, without weight,
in §13.1: the scalar’s own potential energy does nothing for the cosmological-constant problem. The
naturalness argument motivates the window, not a point within it: the specific λ ≈ 4–10 µm value
remains the DST-length identification of §13.1, with the provenance caveats stated there—the two
motivations are independent, and either could fail without the other. Finally, a misalignment relic of
φ oscillations could contribute to the dark-matter density for suitable initial amplitudes; we flag this
as an open consistency question, dependent on initial conditions the framework does not fix.

19 The laboratory target and its discriminators

19.1 The target

Collecting §7.1, §13.1, and §15–§18, the framework’s near-term testable content is a single, sharply
bounded statement:

An attractive Yukawa correction to Newtonian gravity of fixed strength α = 2, at some
range λ ≲ 40 µm (with 4–10 µm the DST-preferred sub-window), composition-independent,
with no environmental dependence.

The experimental landscape was surveyed in §13.1, with the α = 2 frontier fixed in §16: the window is
open below ≈35 µm, with present sensitivities of order |α| ∼ 103 at 10 µm and 104–105 at 4 µm [24, 46,
60], and the platforms aiming to close the gap—next-generation torsion balances, microscale torsion
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resonators [42], cantilever experiments [60], and optically levitated sensors [43]—are under active
development. The upper part of the window (λ ≈ 20–40 µm) is within reach of incremental progress
on existing Eöt-Wash-type designs; the 1–10 µm regime requires the new platforms.

19.2 Discriminators

An ISL anomaly at micrometer range, if found, would have several candidate explanations. Table 4
lists how this scalar would be distinguished. The three handles are the sign of the deviation (scalar
exchange between masses is attractive; a gauged B−L or dark-photon force between neutral matter
is repulsive), the universality of the strength (a mass-sourced scalar gives the same α for any test-
body composition and any apparatus environment; chameleons and symmetrons give setup-dependent
effective strengths; vectors coupled to B−L give composition-dependent ones), and the form of the
potential (a single Yukawa versus the power-law excess of two large extra dimensions—the latter in
any case excluded at this range by SN1987A [41, 47]).

Table 4: Discriminating the temporal scalar from other candidates for a micrometer-range ISL
anomaly.

Candidate Sign Strength WEP signal Environment dep.

Temporal scalar (this work) attractive α = 2 fixed null none
Chameleon / symmetron [26, 27, 29] attractive setup-dependent null–small strong (screening)
Gauged B−L / dark photon repulsive free correlated violation none
ADD n=2 extra dimensions [41] attractive power law, not Yukawa null none; excluded [47]

19.3 Confirmation, constraint, exclusion

Stating the outcomes in advance:

(a) Confirmation would require the full package: an attractive Yukawa excess consistent with α =
2 at a single λ in the window, reproduced with different test-body compositions (WEP null),
different apparatus environments (no screening), and a Yukawa (not power-law) radial profile.
Even then, what is confirmed is “a Planck-normalized, universally coupled scalar”; the temporal-
coupling interpretation, and the choice between completions A and B, would remain theoretical
superstructure (§17).

(b) Measurement of α ̸= 2 would measureMφ ̸= M̄Pl through eq. (21): the framework’s benchmark
would fail but its structure would survive, with one parameter now fixed by data.

(c) Exclusion of α = 2 down to λ ≈ 1 µm (mφ ≈ 200 meV) would push the natural cutoff dic-
tionary (60) to Λ ≳ 80 TeV and leave the scalar with no motivated, testable window; we would
regard the hypothesis as effectively closed at that point, since the remaining parameter space is
both fine-tuned-adjacent and experimentally inaccessible behind Casimir backgrounds.

20 Discussion

The construction is offered in the exploratory spirit of the original paper, and three levels of confidence
should be kept distinct; in the vocabulary of the reading guide of §1, they range from identifications
through analogies to conjectures.

Internal identifications hold once the framework’s assumptions are accepted, though each is an
identification rather than a derived result: (i) placing ζ in g00 is matched to the type–1 (gravity/strong)
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DST metrics via ζ2 = 1/Gint—which inverts DST’s g00 convention—while the type–2 (electroweak)
metrics are read as the luminal ζ = 1 branch (§9.3); (ii) a compact Ricci–flat Kähler manifold is a
Calabi–Yau, and a Calabi–Yau X6 is adopted for the internal space, but not as a consequence of the
DST fifth element—the DST “Ricci flow” acts on the 5D energy metric and its energy–dependent F =
E6 is no static Ricci–flat point (§10.3); (iii) the exponents 1/3, 2, 6 are put in numerical correspondence
with the Z3 action, two–cycles, and the six internal dimensions—an analogy, not a derivation (§10.5).

Suggestive coincidences motivate the scheme but need independent confirmation: the weak thresh-
old 80.4 GeV ≈ MW ; the honeycomb A2 = SU(3) coincidence; and |χ| = 6 ⇔ 3 generations.

Heuristic content : the particle–by–particle dictionary of Table 2 remains a proposed alignment,
not a full derivation. The construction faces four tasks. Two are partially addressed: (T1) exhibit
an explicit Calabi–Yau—the T 6/Z3 orbifold is specified and its Hodge numbers computed (eq. (41)),
though its standard embedding gives 36 generations, and three generations require either discrete
Wilson lines on it or a different manifold (Tian–Yau, eq. (42)), so the generation count is imported
rather than produced (§10.7); and (T2) fix the length scale—the question is made quantitative in
§13.1, but its most testable branch, the large n = 2 extra dimension of reading (a), is excluded by
astrophysical bounds, leaving the untestable effective–cell reading (b) and the testable Compton–
wavelength reading (c). Two remain open: (T3) compute the full massless spectrum of the chosen
manifold and derive the fermion masses and mixings from the cycle volumes rather than positing
them; and (T4) verify that the resulting low–energy effective theory lies in the string landscape rather
than the Swampland [61].

On (T3), two cautions apply. The massless spectrum is computable only once a compactification
scheme, a gauge bundle, and Wilson lines are fixed (none are here); and with the honeycomb T 6/Z3 the
standard embedding yields 36 generations of E6, not the Standard Model (three generations require
discrete Wilson lines [40] or the separate Tian–Yau manifold, §10.7). The fermion–mass program
does, however, rest on a correct idea: in a Calabi–Yau the Yukawa couplings are geometric—the (1, 1)
couplings are the triple intersection numbers κabc =

∫︁
X ωa∧ωb∧ωc, corrected by worldsheet instantons

∝ e−2πta in the cycle volumes ta [62, 63]—so the volumes control Yukawa hierarchies exponentially.
But this yields dimensionless Yukawa textures, not masses (the scale is the Higgs vev); the volumes are
unstabilized moduli, so nothing is fixed without moduli stabilization; and reproducing the observed
masses and mixings from a given manifold is an open problem across all of string phenomenology,
not one this framework resolves. Honestly stated, task (T3) is a program—Yukawa textures from
intersection numbers and instanton–suppressed volumes, once a bundle and moduli stabilization are
specified—not a result; and the relevant cycle volumes are the same Kähler moduli that the Distance
Conjecture constrains below.

Several Swampland constraints are particularly germane here: the Distance Conjecture, which
limits the geodesic length of the ζ excursion between ζ = 1 and ζ = 0 before an infinite tower of light
states descends (eq. (2)); and the related decompactification bounds on the large radius ℓ ≈ 10µm
of §13.1, which an ADD–type reading must satisfy in any string UV completion. The Distance
Conjecture is sharpened by the Emergent String Conjecture [64, 65]: the limit ζ → 0 (φ → ∞ in §6.2)
is an infinite–distance limit, hence either a decompactification (a light Kaluza–Klein tower) or an
emergent, asymptotically tensionless string—so the framework’s “maximal–mass” endpoint is exactly
where the effective theory ceases to be valid and a tower of light states descends. This independently
reinforces the reading of §2 that ζ = 0 is a degenerate endpoint, not a regular state, evaded only by
keeping the ζ excursion finite; and it dovetails with the stretched–string reading of A in §6.1, since
a tensionless string is precisely the E ∝ 1/f regime. Finally, the de Sitter conjecture [66]—which
disfavors a strict cosmological constant (w = −1) in favor of evolving quintessence—ismore compatible
with the correlated, evolving dark sector conjectured in §13 than with a fixed Λ, though both face the
same observational tension, namely that the data sit close to w = −1—the mild evolving–w preference
in current BAO data (§13) now leaning toward the former.
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Part III resolves a fifth, foundational task—the covariant formulation of the temporal coupling—
up to the choice between its two completions, and shows the choice to be phenomenologically inert at
leading order: both give the Yukawa force of §7.1, and the literal (preferred–frame) reading hides its
Lorentz violation within a Yukawa range of matter. What remains open there is the ultraviolet status
of the khronon (inherited from the Hořava program [54, 55]); a derivation of the benchmarkMφ = M̄Pl,
which is the entire content of the sharp prediction α = 2 (a Damour–Polyakov relaxation [2] could in
principle fix the coupling); and a concrete model of the TeV–scale matter whose loops would set mφ

(§18).
As Table 3 shows, the framework’s empirical scorecard is mixed and largely non–distinctive: the

massless graviton is consistent with data by construction, and the weak threshold matches MW only
by a hand identification; the n = 2 reading of the 10µm length is excluded by SN1987A; the half–
mass split is a speculative interpretation with no observed state; and the correlated dark sector is a
qualitative conjecture, not yet a quantitative test. The quantitative survival analysis woven through
the text (§7.1, §13.1, §13.3, §13), however, changes the character of that scorecard: the temporal scalar
is pinned to a short–range window with a definite laboratory target (the α ≈ 2, λ ≈ 4–10 µm Yukawa
correction), the conversion constant is bounded by the solar system, and the dark–sector conjecture
becomes a fork on w(z). The framework remains exploratory, but it is no longer untestable: it now
states what would confirm it and, more importantly, what would kill it.

21 Conclusions

Part I places mass in the temporal element of the Minkowski metric through a single scalar ζ, lets
particles oscillate between massive and massless states, and produces gravitons from that oscillation.
Part II shows that this single scalar is the seat of a larger structure.

Aligning ζ with the Standard Model identifies it with a family of energy–dependent functions
ζ2 = 1/Gint (eq. (28))—the inverse of DST’s characteristic function: the temporal (gravity, strong)
interactions carry the deformation in g00, while the spatial (electromagnetic, weak) interactions keep
g00 = 1, the luminal ζ = 1 branch. The energy coordinate of the pentadimensional metrics can
be written formally as a Kaluza–Klein dimension, with the fifth element as a radion (eq. (33))—an
analogy only, since that coordinate is non–compact and carries no Kaluza–Klein tower (§10.2).

Extending to six internal dimensions, we adopt a Ricci–flat Kähler manifold—a Calabi–Yau
threefold—as the internal space compactified over each cell of the nuclear isomap (the link to the
DST energy–element “Ricci flow” being an analogy, not a derivation; §10.3). The three exponents
organizing the Standard–Model metrics (E1/3, E2, E6) are placed in numerical correspondence with
the Z3 honeycomb action, the holomorphic two–cycles, and the six real dimensions of that manifold,
assembling into the three–layer picture of Fig. 2: 4D spacetime above, the 2D isomap (a flattened 5D
Kaluza–Klein chart in charge and mass) in the middle, and the 6D Calabi–Yau below.

Table 2 then answers the motivating question by assigning each Standard–Model particle to a
geometric shape of the six–dimensional manifold and to its counterpart in the tetrahedral nuclear
model: photons and the abelian sector to rigid (1, 1) two–cycles; gluons and W/Z to the A2 and A1

singularities; quarks and leptons to two– and three–cycles whose multiplicity is fixed by |χ| = 6; the
Higgs to the complex–structure (shape) modulus; and the graviton to a volume (Kähler–class) metric
fluctuation of the whole cell—the spin–2 graviton, to be distinguished from the spin–0 radion modulus
(§11)—produced, in the original framework, by the global oscillation of ζ itself.

Part III places the temporal mass term on a covariant footing. Its two completions—standard
tensor–scalar theory along the matter worldline, or a khronometric disformal coupling along a dynam-
ical preferred time—share one leading–order phenomenology, the composition–independent Yukawa
correction of §7.1, and differ only in light propagation and in preferred–frame effects confined within
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a Yukawa range of matter and further suppressed by v2/c2 (§17); the covariance ambiguity therefore
does not destabilize the laboratory target. Independently of the DST length, the surviving window is
the radiatively natural one for a Planck–coupled scalar in a matter sector with a 12–40 TeV cutoff.

Finally, the quantitative confrontations woven through the text give the framework its falsifiable
core, stated throughout as survival conditions. The temporal scalar must be short–ranged (mφ ≳
5 meV), Cassini and centimeter–range inverse–square–law tests leaving no room for its massless or
micro–eV readings, while the identification of its Compton wavelength with the deformed–space–time
length survives as a laboratory target—an α ≈ 2 Yukawa correction at 4–10 µm with no equivalence–
principle violation (§13.1). Planetary ephemerides bound the conversion constant, fescA ≲ 5×10−31 W
per nucleon (§13.3), retiring the collider and stretched–string channels for ordinary matter; and the
dark–sector conjecture survives as a dark–sector–internal exchange, tied to the fate of the evolving–w
evidence. The construction stands or falls with these targets.
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A Notation summary

Because the paper spans several sub–literatures, a few symbols are close neighbors; this table fixes
their meanings.
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Symbol Meaning (defined in)

ζ temporal metric scalar, g00 = ζ2, ζ = e−φ (eqs. (1), (16))
φ, Mφ, mφ temporal dilaton field, its normalization scale, its mass (§6.2, §7.1)
Eφ field energy of a φ–excitation (§6.2)
A, ξ = A/h, f conversion–cycle constant, its frequency–squared form, conversion

frequency (eqs. (4), (6))
fesc radiated (escaping) fraction of a conversion cycle (§13.3)
T, Ts oscillation period (eq. (2)); string tension (§6.1); also the khronon

(preferred–time) field T (x) of eq. (54), by context
G, g, q, m0 graviton, its energy, momentum deficit, absorption threshold mass

(§4)
a post–collision acceleration, numerically = v by unit convention

(eq. (12))

λF(r) curvature factor
√︁
1− rs/r in eq. (13)

α, λ Yukawa strength and range of the fifth force (eq. (21))
ε = ±1 matter–action sign selecting the attractive/repulsive branch (eq. (17))
x4 = kE, E0,int DST energy coordinate; interaction threshold energy (eq. (23))
Gint(x4), F (x4) DST characteristic function (written G(x4) in eqs. (24)–(25),

interaction–labeled at eq. (28)); fifth element |g44| (b25 in the DST
literature)

b1, b2 constant spatial elements of the DST type–1 metrics (eq. (24))
ϕ Kaluza–Klein radion / volume modulus of X6 (eqs. (32), (33))
h1,1, h2,1, χ Hodge numbers and Euler characteristic of X6 (§10.4)
ℓ DST length, 4–10 µm (§13.1)
ηab; η Minkowski tangent–space metric (eq. (16)); covariantly constant

spinor (Def. 1)
M̄Pl reduced Planck mass, (8πG)−1/2; the benchmark Mφ = M̄Pl gives

α = 2 (§7.1)
γ Lorentz factor (1− v2)−1/2 (§4, §6.4); also the effective Eddington

parameter (eq. (57)), by context
uµ unit timelike preferred–frame (khronon) vector (eq. (54))
g̃µν , B Part III matter metric and disformal factor B = e−2φ − 1 (eq. (56),

App. B)
αkh, βkh, λkh khronometric couplings (eq. (55))
Λ matter–sector cutoff in the naturalness estimate (eq. (59)); distinct

from the cosmological constant of §5 and from the lattice Λ of the
T 6/Z3 construction (§10.7)

B The disformal matrix identities and the Yukawa potential

Write g̃µν = gµν + B uµuν with B = e−2φ − 1 ∈ (−1, 0] for φ ≥ 0 and gµνu
µuν = 1. The matrix

determinant lemma gives det g̃ = (1 + B uµuµ) det g = e−2φ det g, hence
√
−g̃ = e−φ√−g, and the

Sherman–Morrison formula gives the inverse quoted in §14.3: g̃µν = gµν − B
1+B uµuν = gµν + (e2φ −

1)uµuν . Since 1 +B = e−2φ > 0 for all finite φ, g̃µν never degenerates.
For the static potential, take flat gµν , a source mass m1 at the origin and a test mass m2 at

distance r, both at rest (in the preferred frame for completion B; the worldline construction gives the
same result for completion A, eq. (53)). Each contributes L = −me−φ, so the action of φ with the
sector (51) has the static field equation (20), with solution φ(r) = m1

4πM2
φ
e−mφr/r. The test body’s

potential energy is U(r) = m2 (e
−φ(r) − 1) ≈ −m2 φ(r), i.e.

U(r) = − m1m2

4πM2
φ

e−mφr

r
= − Gm1m2

r
· 2
(︂M̄Pl

Mφ

)︂2
e−mφr, (61)
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using G = 1/(8πM̄2
Pl); this is the Yukawa correction of eq. (21). Like scalar charges attract, so the

correction adds to gravity (α > 0).

C Effective Eddington parameter in the massless limit

Let the Einstein metric around a static mass M carry the standard weak-field form g00 = 1 − 2Φg,
gij = −(1 + 2Φg)δij with Φg = GM/r (the Einstein–Hilbert sector has γGR = 1), and let φ = αΦg in
the massless limit, which follows from eq. (20) with mφ = 0 and eq. (21).

Completion B. Matter and light see g̃00 = e−2φ(1− 2Φg) ≈ 1− 2(1 + α)Φg and g̃ij = gij . Massive
bodies orbit in Φ = (1 + α)Φg; light responds to Φ + Ψ = (2 + α)Φg, where Ψ = Φg is the spatial
potential. Observationally the mass is calibrated from orbits, GMobs = (1 + α)GM , and the PPN
convention writes the light response as (1 + γ)GMobs/r. Hence (1 + γ)(1 + α) = 2 + α, giving
γ = 1/(1 + α) and γ − 1 = −α/(1 + α).

Completion A. Photons carry no rest mass and decouple from φ (eq. (53)), so light responds to 2Φg

while orbits still see (1+α)Φg: (1+γ)(1+α) = 2, giving γ = (1−α)/(1+α) and γ−1 = −2α/(1+α),
the familiar tensor–scalar result [21, 23].

Cassini’s bound |γ − 1| ≤ 2.3× 10−5 [20] then requires α ≤ 2.3× 10−5 (B) or 1.2× 10−5 (A), i.e.
Mφ ≳ 3 × 102 M̄Pl (B) or 4× 102 M̄Pl (A)—the decoupling stated in §7.1 and §16. For mφ ≳ 5 meV
(eq. (22)) the Yukawa factor removes these constraints entirely: at solar-system ranges e−r/λ is zero
to any relevant accuracy.
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