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Abstract

Gödel’s rotating-universe solution is an exact cosmological spacetime whose causal structure
admits closed timelike curves (CTCs). In its standard reading, loop closure is attributed to the
geometry of the spacetime manifold alone. This paper develops an Aether Physics Model (APM)
reinterpretation that distinguishes closure in base spacetime coordinates from closure in the
full physical state, modeled as a fibered system consisting of spacetime plus an internal Aether-
unit spin-position fiber and a chronophase that acts as the frame index of the quantum movie
(counting blocks of Fq-events). In the forward sector, the Aether unit is represented as a two-spin
internal space carrying a continuous SU(2) transport driven by the dimensionless rotation ratio
Ω⋆ ≡ Ω/Fq. Physical recurrence is posed as a joint closure condition in (xµ, Θ, χ) rather than xµ

alone, yielding a quantized block condition H(Ω⋆)N = I for matter recurrence under handedness
holonomy. A four-spin extension is then presented as a speculative completion introducing
backward-sector spin positions, together with explicit evidentiary requirements needed to justify
forward–back sector mixing. The result is a QMU-native framework in which Gödel-type
loop phenomena function as internal holonomy selection rules rather than backward-causation
primitives.
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1 Purpose and scope

Gödel exhibited a stationary, spatially homogeneous rotating cosmology that admits closed timelike
curves (CTCs) [Gödel, 1949]. The existence of such curves motivates the broader chronology
question: whether the field equations alone enforce a global time function, or whether additional
global conditions are required [Hawking, 1992, Pfarr, 2010].

This paper adopts a fiber-bundle interpretation in which Gödel’s rotational structure induces a
nontrivial transport on an internal Aether-unit spin-position fiber; the mathematics uses the same
holonomy logic familiar from gauge transport on bundles over a base manifold.

The central objective is to formalize a distinction between:

1. Base-manifold closure: closure of a curve in spacetime coordinates xµ (Gödel’s coordinate-level
criterion).

2. Physical recurrence: closure of the full APM state (spacetime + chronophase + Aether-unit
spin-position state).

The analysis is kept QMU-native by expressing rotation through the dimensionless ratio Ω⋆ ≡ Ω/Fq

and by framing recurrence in blocks of Fq-events.

Ledger anchor. The propagation backbone is Ledger One:

Au · curl = Fq
2λC

2,
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used here only as the QMU-native propagation constant.

2 Gödel spacetime and the CTC criterion (base-manifold view)

Gödel’s metric is an exact solution of Einstein’s field equations with rotating matter and a cosmo-
logical term [Gödel, 1949]. A standard diagnostic for Gödel-type CTCs is expressed in stationary
axisymmetric form

ds2 = gtt dt2 + 2gtϕ dt dϕ + gϕϕ dϕ2 + gab dxadxb, (1)

where ϕ is an azimuthal coordinate and xa denotes the remaining coordinates. For a loop with
dxa = 0 and ϕ : 0 → 2π, CTCs exist if a closed ϕ-loop can be timelike; one sufficient condition is
that gϕϕ < 0 in some region (so the curve with dt = 0 is timelike and closed).

A visual reference for the CTC closure motif used throughout this paper is shown in Figure 1.

Figure 1: Schematic of a Gödel-type rotating spacetime highlighting the emergence of closed
timelike curves (CTCs). The diagram illustrates a timelike worldline that can close on itself in the
base-manifold coordinates, together with the closed photon-like (null) boundary curve that separates
causal regimes. In the present paper, this figure motivates the distinction between base-manifold
closure in xµ and full-state recurrence once internal Aether-unit spin-position transport is included.

The Gödel universe and its causal properties have been reviewed and extended [Pfarr, 2010, Ozsváth
and Schücking, 2001, Barrow and Tsagas, 2004]. The point for APM is not to re-derive Gödel’s
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base-manifold result, but to specify what base-manifold closure does not guarantee once internal
spin-position structure is treated as physical.

3 APM kinematics as a fibered physical state

3.1 Full state trajectory

Define the APM physical trajectory as a curve in a fibered space:

γ(τ) =
(
xµ(τ), Θ(τ), χ(τ)

)
, (2)

where:

• xµ(τ) is the spacetime worldline parameterized by a monotone progression parameter τ ;
• Θ(τ) is a chronophase acting as the frame index of the quantum movie, counting blocks of

Fq-events;
• χ(τ) is an internal Aether-unit spin-position state (the handed fiber).
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Figure 2: Aether Unit chronovibration and spin-position geometry used in this paper. The loxodromic
paths encode the four spin positions: electron (blue), proton (red), antiproton (cyan), and positron
(yellow). Forward time begins at the Singularity (the contact point between spheres) and traces the
outer loxodromic paths toward the antipodes; backward time returns along the inward spiral from
the poles back to the Singularity. This diagram provides the geometric reference for the internal
spin-position fiber χ and the chronophase movie-frame interpretation Θ.

3.2 Block-of-Fq events

Define block closure by
∆Θ = 2πN, N ∈ Z, (3)

encoding that the movie advances by N full chronophase periods over the considered segment.

3.3 Physical recurrence axiom

Axiom (APM physical recurrence). A trajectory segment γ(τ) is physically recurrent if and
only if

xµ(τ1) = xµ(τ0), Θ(τ1) = Θ(τ0) (mod 2π), χ(τ1) = χ(τ0). (4)
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The internal spin-position fiber χ and the forward/back chronovibration geometry referenced
throughout are illustrated in Figure 2.

Gödel’s CTC analysis ensures only the first condition (base-manifold closure) when timelike con-
straints are met. The APM adds chronophase and fiber closure as physical selection rules.

4 Forward two-spin sector: SU(2) handedness transport

4.1 Forward fiber and matter/photon constraints

In the forward-time sector, model the Aether unit’s handed structure as

H+ ∼= C2

with basis {|L+⟩, |R+⟩}. The internal state is χ(τ) ∈ H+.

APM matter vs photon constraint (forward sector).

half-spin matter: χm(τ) ≈ |L+⟩ or χm(τ) ≈ |R+⟩, (5)
photon transfer: χγ(τ) ∈ span{|L+⟩, |R+⟩}, with bilateral support. (6)

4.2 Dimensionless rotation ratio in QMU form

Introduce the QMU-native dimensionless rotation ratio

Ω⋆ ≡ Ω
Fq

. (7)

4.3 Fixing the holonomy coupling from the APM charge bridge

In a general bundle-transport model one could introduce an arbitrary dimensionless coupling between
the base rotation ratio Ω⋆ and the internal SU(2) generator. In the APM, that coupling is not free.
The Aether unit distinguishes two charge primitives: the electrostatic charge quantum e2 and the
magnetic charge quantum eemax

2, related by the APM definition

eemax
2 = e2

8πα
, (8)

so that the fine-structure constant is equivalently

α = e2

8π eemax2 . (9)

Equation (9) identifies α as the unique dimensionless bridge factor converting between the two
charge sectors already present in the Aether-unit ledger. Because the handedness fiber dynamics
distinguish matter (handed-localized) from photons (bilateral transfer across both handed channels),
the minimal internal transport that is compatible with the APM charge-sector decomposition fixes
the proportionality between Ω⋆ and the SU(2) generator to be α. In this paper we therefore take
the holonomy coupling to be identically the fine-structure constant.
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4.4 SU(2) connection and holonomy

Let ϕ be the azimuthal coordinate. Define a handedness connection on H+:

Dϕχ ≡ ∂ϕχ + i Aϕ χ, Aϕ ∈ su(2). (10)

Adopt the minimal APM-fixed ansatz

Aϕ = 1
2 α Ω⋆ n̂ · σ, (11)

where n̂ is a unit vector in internal space and σ is the Pauli-vector.

The holonomy around one azimuthal loop ∆ϕ = 2π is

H(Ω⋆) = exp
(
iπ α Ω⋆ n̂ · σ

)
∈ SU(2). (12)

5 Recurrence as a block selection rule under holonomy

5.1 Matter recurrence condition

For matter constrained near a handed eigenstate (5), recurrence requires that the net transport
act trivially on that localized state. For N repeated loops (equivalently, an N -block of recurrence
attempts under the same holonomy),

H(Ω⋆)N = I. (13)

Using (12), this holds when the total SU(2) rotation angle closes:

π α Ω⋆ N = 2πk ⇐⇒ α Ω⋆ N = 2k, k ∈ Z. (14)

Interpretation. Equation (14) is the QMU-native recurrence discriminator: matter recurrence in
a Gödel-type rotational loop is quantized in blocks determined by Ω⋆ and the APM charge-bridge
coupling α.

5.2 Photon persistence under handedness transport

A photon modeled as a bilateral excitation (6) remains within H+ under any SU(2) transport. Thus
nontrivial holonomy generically rotates photon polarization/state within the forward fiber rather
than obstructing its existence, while matter recurrence remains constrained by (14) due to handed
localization.

6 Four-spin extension: forward and backward sectors
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6.1 Extended internal space

Introduce a backward-sector two-spin fiber

H− ∼= C2, {|L−⟩, |R−⟩},

and define the four-spin completion
Htot = H+ ⊕ H−, (15)

with basis {|L+⟩, |R+⟩, |L−⟩, |R−⟩}.

6.2 Connection structure: assumed vs evidence-requiring

A conservative extension is block-diagonal:

Atot
ϕ =

(
Aϕ+ 0

0 Aϕ−

)
, (16)

which introduces no forward/back anomalies unless H− is populated.

A testable (but evidence-requiring) extension introduces a small mixing term:

Atot
ϕ =

(
Aϕ+ ε Bϕ

ε B†
ϕ Aϕ−

)
, 0 < |ε| ≪ 1, (17)

with dimensionless ε.

6.3 Evidentiary requirements for the backward sector

The backward sector H− is presented as a structured hypothesis. Operational evidence for H−
population and/or ε ̸= 0 would require reproducible signatures such as:

1. Recurrence block sizes inconsistent with a single forward SU(2) holonomy model (no constant
fits (14) across regimes).

2. Stable rotation-linked channel doubling indicative of additional internal spin positions beyond
{|L+⟩, |R+⟩}.

3. Selection-rule residuals in forward-sector processes naturally modeled by a small forward/back
mixing term.

Absent such signatures, H− remains a falsifiable extension for future work.

7 Gödel reinterpretation in APM: holonomy versus backward-time
curvature

Gödel-type CTCs are identified at the base-manifold level by the existence of closed timelike loops
in xµ [Gödel, 1949, Pfarr, 2010]. In the APM view developed here, physical recurrence is defined
by full-state closure (4). Rotational loops can induce nontrivial handedness holonomy (12), so
base-manifold closure need not imply repetition of the physical state.
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Proposition (APM holonomy reinterpretation). A Gödel-type loop that is closed and
timelike in xµ can be interpreted as a diagnostic of internal handedness transport: physical
recurrence requires a block closure satisfying (14). The explanatory mechanism is internal holonomy
rather than backward-causation primitives.

8 Experimental and observational discriminators (QMU-native)

8.1 Rotation-linked block closure tests

Define an operational recurrence observable for matter-like states sensitive to handed localization
(e.g., a projector onto a handed eigenstate). The prediction is that recurrence under controlled
rotational circuits occurs only when (14) is satisfied for integers (N, k), with Ω⋆ determined by the
rotation environment.

8.2 Photon versus matter asymmetry under rotation

Photons (bilateral states in H+) persist under a broader class of holonomies than matter recurrence
(handed-localized constraints). This asymmetry supplies a qualitative discriminator: systems
dominated by matter localization will exhibit strict block selection, while photon observables are
expected to show continuous holonomy response.

8.3 Backward-sector search logic

If a forward SU(2) model fixed by (11) fails, the four-spin extension motivates targeted tests for
forward/back mixing signatures, as in the evidentiary requirements above.

9 Conclusion

Gödel’s solution provides an explicit setting in which base-manifold closed timelike curves occur
[Gödel, 1949]. The APM reinterpretation developed here defines a fibered physical state (xµ, Θ, χ)
and poses physical recurrence as joint closure in spacetime, chronophase blocks of Fq-events, and an
internal Aether-unit spin-position state. A continuous SU(2) transport model driven by Ω⋆ = Ω/Fq

yields a quantized block recurrence rule α Ω⋆ N ∈ 2Z for matter recurrence, while treating photons
as bilateral forward-fiber transfers compatible with nontrivial holonomy. This framework not only
reinterprets Gödel CTCs but suggests rotation-induced holonomy as a probe for hidden internal
dimensions in quantum gravity analogs.

A four-spin completion is presented as a falsifiable extension: it becomes physically relevant only
with evidence for forward/back sector mixing.
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A Order-of-magnitude recurrence blocks under a planetary rota-
tion environment

This appendix provides a practical scale estimate of the minimal recurrence block size implied by
the holonomy closure condition (14) for a slow, steady rotation environment.

A.1 Minimal block size from the closure condition

For the smallest nontrivial closure (k = 1), (14) gives

Nmin ≈ 2
α Ω⋆

. (18)

Thus the key quantity is the dimensionless ratio Ω⋆ = Ω/Fq.

A.2 A representative slow-rotation case

For a planetary-scale rotation rate Ω that is very small compared with the QMU chronofrequency
Fq, one expects

Ω⋆ ≪ 1,

so (18) predicts extremely large Nmin.

Using a representative terrestrial rotation magnitude for Ω and the electron Compton-based clock
definition of Fq, the resulting dimensionless ratio is of order

Ω⋆ ∼ 10−25. (19)

Inserting (19) and the approximate fine-structure inverse α−1 ≈ 137 into (18) yields a concrete
estimate for the minimal block size:

Nmin ∼ 2 × 137 × 1025 ≈ 2.7 × 1027. (20)

A.3 Equivalent duration in Earth years

To give (20) an intuitive scale, interpret one holonomy circuit as one full 2π rotation of the reference
platform. For Earth’s rotation environment, this corresponds to one Earth rotation per cycle, so
the elapsed duration is approximately the number of Earth rotations required.

https://zenodo.org/communities/aetherphysics
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Using 1 Earth year ≈ 365.25 Earth rotations, the recurrence duration in Earth years is

T⊕-yr ≈ Nmin
365.25 . (21)

Substituting the value from (20):

T⊕-yr ≈ 2.7 × 1027

365.25 ∼ 7.4 × 1024 Earth years. (22)

Interpretation. These durations are vastly larger than the current estimated age of the universe
(∼ 1.38 × 1010 years), reinforcing the point that while the geometry may admit closed timelike
curves, physical recurrence of the matter state is effectively suppressed by the chronophase selection
rule. Any observable signature of (14) under slow rotation is unlikely to appear macroscopically.
The appropriate search space is therefore engineered, phase-sensitive apparatus where the effective
rotation environment Ω⋆ is artificially elevated.

A.4 Engineered lab-scale rotation: phase accumulation and a near-term test

The recurrence discriminator (14) is governed by the accumulated handedness holonomy phase

Φ(N, Ω) ≡ π α Ω⋆ N = π α
Ω
Fq

N, (23)

so that exact block closure corresponds to Φ = 2πk (equivalently α Ω⋆ N = 2k).

Order-of-magnitude at laboratory angular velocities. For a representative high-rotation
platform with Ω ∼ 103 (i.e. ∼ 102–103 Hz class rotation), one has Ω⋆ ∼ Ω/Fq ≪ 1 and therefore the
exact-closure block size

Nmin ≈ 2
α Ω⋆

= 2Fq

α Ω (24)

remains extremely large even in a laboratory setting. This explains why macroscopic “recurrence”
is not the appropriate experimental target.

Near-term test target: detect Φ in phase-sensitive observables. A phase-sensitive experi-
ment does not need to wait for Nmin full closures. Instead, it can test whether an SU(2)-holonomy
phase of the form (23) is present by looking for rotation-linked, loop-count-linked structure in an
interferometric readout. The operational prediction is:

Hold state preparation fixed. Vary Ω and/or the effective loop count N . If the APM
holonomy coupling is correct, the measured contrast/phase observable will depend on
Φ = πα(Ω/Fq)N (mod 2π), producing a characteristic scaling collapse when plotted
versus α (Ω/Fq) N rather than versus Ω or N alone.
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Practical implementation classes (current technology). Three experimentally mature
platforms already operate in a regime where small, rotation-coupled phases are detectable:

1. Atom interferometers / cold-atom gyroscopes: large effective enclosed area and long
coherence time permit detection of extremely small rotation-linked phases. The experiment
sweeps N (multiple loops or multiple pulses) and Ω (turntable rotation) and checks whether
the phase data collapse onto a single curve in the variable α(Ω/Fq)N .

2. Ring-laser / optical Sagnac interferometers: high phase sensitivity with large effective
loop count. The test is not an absolute closure but whether a small additional polariza-
tion/handedness rotation appears with the α(Ω/Fq)N scaling.

3. Rotating BEC / matter-wave circuits: engineered quantized circulation provides a
discrete N knob. One searches for discrete selection-rule effects in recurrence statistics or
mode populations consistent with α Ω⋆ N ∈ 2Z.

What to plot (one figure a lab physicist will trust). Measure a phase or contrast observable
Y and plot it against the single dimensionless control variable

X ≡ α
Ω
Fq

N. (25)

The APM prediction is that data taken at different Ω and N values collapse onto a common response
when expressed as Y (X), with special structure at even-integer X = 2k corresponding to full-state
recurrence in the handedness fiber.
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