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Chapter 5 — The Football-Shaped 4D 

Geometry 

The Global Topology: Genesis Fracture and Nested Slices 

Abstract 

In UDEL, the universe is not an infinite flat space with matter “placed inside it.” 

It is a discrete adjacency graph that generates its own geometry through constrained 

genesis. 

This chapter defines that geometry once and cleanly: a prolate (football-shaped) 4D 

manifold, fractured along the compact Δτ dimension into nested 3D slices. 

The structure is not arbitrary. It is forced by the zero-total-energy constraint: 

E_total = 0 at every update. 

(combinatorially enforced by adjacency rules; see Book I, Chapter 11 recap). 

A single continuous minimum would over-concentrate negative-energy contributions 

(curvature, saturation). To preserve balance, genesis produces a hierarchy of nested 

minima, populated by bipolar jets and anchored by a strained central spine. 

 

5.1 Genesis fracture and the compact Δτ dimension 

The lattice begins in the Zero Matrix state (Book I): pure adjacency with no excitation. 

Genesis is the first update cascade — a symmetry-breaking fracture event. 

In UDEL, this fracture occurs along a compact anisotropic dimension, Δτ, at an effective 

scale on the order of ~10⁻¹⁸–10⁻²¹ seconds (as a structural update-scale, not a measured 

constant). 

This fracture produces multiple stable minima to prevent negative-energy overshoot under 

the global constraint E_total = 0. 

The result is not a single 3D universe — it is a stack of nested 3D slices, offset in Δτ. 

Slice hierarchy (structural summary) 

• Visible slice: electromagnetically interacting matter (≈ 15% of total matter-energy, in 

UDEL accounting) 

• Adjacent slices: ordinary matter as well, but photons decohere due to large phase 

offset (Δϕ ≫ 2π) 



• Gravity couples across slices through bulk path-density curvature ρ(x), while EM 

remains intra-slice (local adjacency) 

This is the basis of UDEL’s most important cosmological consequence: 

dark matter emerges as gravitational leakage from shadow mass in adjacent slices. 

Δτ compactification is not only geometric — it is dynamical. It introduces biased update 

directionality, such that forward update probability dominates: 

w_{+} \gg w_{-}, 

preventing backward hops and enforcing macroscopic time-ordering. 

Time is not a background coordinate. It is a biased update tendency. 

 

5.2 The prolate (“football”) 4D manifold 

The fracture does not yield a sphere. 

It yields a prolate spheroid (football-shaped) geometry: elongated along one axis, with a 

thick equator and tapering poles. 

Key features: 

• Thick equatorial minimum: deepest well, highest motif density (our visible 

universe) 

• Progressively thinner minima toward the poles: a nested hierarchy of stable 

minima 

• Hierarchy enforced by zero-energy: a single minimum would localize excessive 

negative curvature and violate E_total = 0 

The 4D manifold embeds all 3D slices in a shared embedding plane: a central cord-like 

structure — the spine. 

The spine is not a special object added in. 

It is the inevitable embedding backbone of a fractured prolate manifold under constrained 

adjacency. 

 

5.3 Bipolar jets and nested slice population 

Once fracture occurs, genesis produces a directed population process. 

Matter is ejected in opposing relativistic jets along the long axis of the football geometry. 



This has strict structural purpose: 

• jets populate successively smaller nested minima toward each pole 

• bipolar symmetry preserves net linear momentum ≈ 0 

• arms form as extensions of populated regions, counter-rotating around the long axis 

This is not inflation. 

It is not a smooth “metric expansion” with an added field. 

The population mechanism is directed ejection driven by genesis pressure: 

an unbalanced zero-energy restoration process in an adjacency substrate. 

The universe is not stretching a continuum. 

It is distributing excitation into permitted geometric minima. 

 

5.4 Counter-rotation and the birth of spine strain 

As bipolar arms expand and separate, angular momentum conservation forces counter-

rotation around the long axis. 

Relative rotation increases with separation. 

This induces differential adjacency strain along the central spine — the 4D embedding cord 

that anchors the slice hierarchy. 

Strain manifests structurally as: 

• adjacency saturation 

• increased bulk path-density curvature ρ(x) 

• geometric distortion of compact-direction structure (Δτ warping behavior) 

This strain is not a local “field energy” stored in one region. 

It is distributed negative-energy contribution that cannot further localize without forcing 

E_total < 0, which is forbidden. 

So the spine must store it as geometry. 

 

5.5 Dark matter as cross-slice leakage (teaser for later 

chapters) 

Because gravity couples through bulk adjacency and EM does not: 



• mass in adjacent slices exerts gravitational influence on the visible slice 

• photons cannot traverse Δτ offsets coherently 

• direct EM detection fails even though mass is present 

Thus, what we call “dark matter” is not exotic matter. 

It is ordinary mass-energy in shadow slices, visible only through cross-slice curvature 

influence. 

Thin polar slices act as stable leakage reservoirs. 

The thick equatorial slice experiences the strongest strain modulation and thus shows the 

strongest observational effects. 

This becomes important immediately in Chapter 6. 

 

Chapter conclusion 

The football geometry is not metaphor. 

It is the forced shape of a zero-energy lattice preventing negative overshoot: 

Fracture → jets → nested slices → counter-rotation → strain. 

This topology sets the stage for all cosmic dynamics in UDEL: 

• no fluids 

• no continuous spacetime 

• no external fields 

• only adjacency evolution under a strict update budget and global constraint 

In the next chapter (Ch. 6) we show the first major cosmological payoff: 

the spine strain mechanism reallocates the lattice update budget, distorts time alignment 

capacity, and resolves the Hubble tension without adding parameters, fields, or invisible 

substances. 

  



Chapter 6 — Spine Strain and the Hubble 

Tension 

Time-variable expansion as clock misread: a geometric 

resolution 

The Hubble tension is one of cosmology’s open wounds: early-universe measurements and 

late-universe measurements disagree on the expansion rate. 

• Early-universe inference (CMB / ΛCDM): H₀ ≈ 67.4 km/s/Mpc 

• Late-universe local measures: H₀ ≈ 73–74 km/s/Mpc 

Standard cosmology resolves this by patching the model: new fields, new parameters, new 

epochs, or hidden energy components. 

UDEL resolves it geometrically. 

In UDEL, this is not a “tension in data.” 

It is a misread of time under changing topology: 

Spine strain distorts the vibration clock, reallocating the update budget from internal 

equilibration to separation hops. 

This is the kill shot: no parameter tuning, no dark energy fluid, no new force. 

Only continuous invariance enforcement under changing geometry. 

 

6.1 Zero-total-energy forcing (recap) 

UDEL enforces a global constraint at every update: 

E_total = 0 at every lattice tick, 

combinatorially enforced by adjacency rules. 

This implies: 

• positive contributions (propagation, motif motion, momentum-like effects) 

must be balanced by 

• negative contributions (curvature, saturation, adjacency strain) 

Unlike continuum GR, this is not a global integral satisfied “after the fact.” 

It is enforced structurally at each update. 

Therefore, when negative contributions grow in one region or structure, the lattice cannot 

ignore it. 



It must compensate — not by adding new ingredients, but by redistributing what updates are 

permitted. 

 

6.2 Spine strain σ(t) as distributed negative energy 

Chapter 5 introduced the football geometry and the long-axis spine embedding the nested Δτ 

slice hierarchy. 

As arms counter-rotate and separate, differential rotation accumulates torsional loading on the 

spine. 

We define this as spine strain, σ(t). 

It is not stress inside matter. 

It is not a field in space. 

It is a distributed negative-energy contribution, expressed structurally as adjacency 

distortion: 

• increased adjacency saturation 

• increased bulk path-density curvature ρ(x) 

• distortion of compact-direction structure (Δτ geometry) 

The key property of σ(t) is this: 

spine strain cannot further localize without violating E_total = 0. 

A single minimum cannot absorb arbitrary negative contribution. 

So σ(t) must remain distributed — and must influence how future updates proceed. 

 

6.3 Strain modulates the vibration clock 

The Interlude (“Everything Vibrates”) introduced the essential mechanism: 

In UDEL, nothing changes continuously. 

All change occurs through adjacency hops. 

And adjacency hops require phase-alignment windows — the lattice vibration clock. 

This is vibration gating: 

A hop does not occur because a particle “moves.” 

It occurs because the lattice admits a coherent continuation. 

Spine strain interacts with this gating directly. 



Higher σ(t) produces: 

• narrower phase-alignment windows 

• increased asymmetry in permission likelihood 

• reduced success rate for internal equilibration hops 

In plain terms: 

under strain, the lattice becomes harder to update cleanly. 

But the lattice cannot stop updating. 

It must enforce E_total = 0 at every tick. 

So it compensates. 

 

6.4 Update budget reallocation: from equilibration to 

separation 

UDEL does not treat dynamics as unlimited flow. 

There is a finite “budget” of coherent updates per tick — not as an external cap, but as a 

consequence of phase gating and adjacency constraints. 

When strain narrows windows and raises failure risk, the lattice reallocates what it spends its 

coherent update capacity on. 

This produces the central mechanism of the chapter: 

increasing σ(t) shifts the budget away from internal equilibration and toward separation hops 

along permitted outward continuation paths. 

This is not a choice. 

It is invariance enforcement. 

If strain increases, negative contribution increases. 

To maintain E_total = 0, the lattice must permit compensatory positive updates. 

The outward continuation channel becomes favored. 

 

6.5 Time evolution of the expansion rate 

We now obtain a purely structural cause of time-variable expansion. 

Early phase (low σ(t), slices close) 



• phase windows are wide 

• budget supports internal equilibration 

• separation hops are less dominant 

• net outward separation is slower 

This corresponds naturally to the low inferred H₀ regime seen from early-universe modeling. 

Late phase (high σ(t), arms separated) 

• phase windows narrow under strain 

• internal equilibration becomes update-expensive 

• budget shifts toward outward motion / separation hops 

• net effective separation accelerates 

This corresponds to the higher H₀ values measured locally. 

Crucially: 

the transition is continuous — not epoch-based. 

No “switch” is required. 

The universe has no need to change laws or add fields. 

The geometry forces the update allocation to drift. 

 

6.6 Why the Hubble tension appears 

The Hubble tension is not primarily “two incompatible datasets.” 

It is a conceptual mismatch: 

• Early-universe inference assumes a constant clock mapping between geometry and 

expansion. 

• Late-universe observation measures expansion after long strain accumulation. 

In UDEL terms: 

early inference reads H₀ through a low-strain clock, 

while late measurement reads H₀ through a high-strain clock. 

This is the meaning of: 

Time-variable expansion as clock misread 

It is not that the universe disagrees with itself. 

It is that the mapping between distance, time, and update permission is not constant 

across cosmic evolution, because σ(t) is not constant. 



Thus: 

• CMB-based inference is a low-strain extrapolation 

• local methods detect late-strain acceleration 

• the difference appears as “tension” under a constant-clock assumption 

 

6.7 Observational predictions and testable signatures 

If UDEL is correct, strain is not isotropic and should leave directional signatures aligned with 

the football spine. 

Therefore UDEL predicts: 

• A directional H₀ dipole aligned with the cosmic spine 

• Weak CMB quadrupole / octupole asymmetry, reflecting the embedded prolate 

axis 

• Coherent galaxy spin alignments preferentially aligned to a preferred axis 

• Cosmic vorticity / shear gradients detectable in future surveys 

• Possible onset of late deceleration once σ(t) nears saturation 

These are not add-ons. 

They are direct consequences of a universe whose geometry is prolate, sliced, and torsion-

loaded. 

 

Chapter conclusion 

The Hubble tension is resolved without parameter tuning. 

UDEL does not require: 

• dark energy as a fluid 

• exotic new particles 

• extra scalar fields 

• patched cosmological epochs 

It requires only what is already enforced everywhere in UDEL: 

E_total = 0 at every update, under adjacency constraints. 

As the football geometry evolves: 

• counter-rotation increases 

• spine strain accumulates 

• phase windows narrow 

• the update budget reallocates outward 



• expansion becomes time-variable 

Thus the Hubble tension is not a contradiction. 

It is a clock artifact generated by geometry. 

In the next chapter, we push this to its inevitable end: 

strain cannot grow forever. 

When σ(t) reaches a maximum, the geometry cannot maintain outward bias. 

And the universe does what all torsional systems do: 

it recoils. 

 

Appendix 6.A — Torsional Oscillator Toy 

Simulation (UDEL Sim 5) 

A qualitative Python model of strain buildup, update-budget 

reallocation, collapse cascade, and rebound 

This appendix documents a simplified Python simulation (“UDEL Sim 5”) used to 

demonstrate the qualitative behavior of the torsional oscillator universe described in Chapters 

6–7. 

The simulation is not a full UDEL lattice implementation. 

It does not model a discrete adjacency graph at full resolution, nor does it include quantum 

motif formation, LEU propagation rules, or full Δτ slice dynamics. 

Instead, it is a toy model designed to capture one specific claim: 

As torsional strain accumulates, the system reallocates its effective update capacity — 

producing early slow expansion and later fast expansion, followed by recoil, cascade 

collapse, and rebound. 

The simulation’s purpose is therefore structural: 

to show that the UDEL cosmic cycle behaves like a spring-loaded system under constrained 

update dynamics. 

 

A6.1 What the simulation represents 



The model represents the universe as a set of coupled concentric “slice shells” (or regions) 

whose motion is driven by three evolving components: 

1. Strain accumulation from counter-rotation / separation 

2. A finite update budget (coherent hop capacity per tick) 

3. Phase evolution, producing regime transitions 

It produces outputs as time-series plots (“graphs”) to visualize: 

• strain buildup 

• separation behavior 

• reallocation of update budget 

• collapse cascade signatures 

• rebound and re-fracture behavior 

 

A6.2 Key variables (interpretation) 

The simulation tracks several variables that map cleanly to Book IV concepts: 

σ(t) — torsional strain 

Represents the accumulated strain in the spine / embedding cord due to differential rotation 

and separation (Chapter 5–6). 

• grows with separation and counter-rotation mismatch 

• cannot localize 

• acts as distributed negative contribution 

Budget — finite coherent update capacity 

Represents the effective number of “successful coherent update actions” available per tick. 

This is not a hard external cap — it is an emergent consequence of: 

• vibration gating 

• phase-alignment windows 

• strain narrowing of permitted continuations 

Radii / masses — slice extents and density proxies 

The model tracks radius-like and mass-like parameters for each shell/slice. 

These represent: 

• separation scale 

• distribution of motif density 



Δt divergence (front behavior) 

In collapse regimes, the model produces sharp divergences in a Δt-like variable at collapse 

fronts. 

This represents “local time dilation extremes” caused by budget collapse / compression, 

consistent with Book III black-hole timing behavior. 

Phase state 

The model has multiple phases, representing the qualitative epochs: 

• expansion 

• strain buildup 

• max strain threshold 

• recoil trigger 

• collapse cascade 

• rebound / new jets 

 

A6.3 Simulation regimes (what it shows) 

The simulation captures the following qualitative behaviors: 

Regime 1 — early expansion (low strain) 

• σ(t) remains small 

• phase windows are wide 

• budget supports internal equilibration 

• outward separation is slow 

This corresponds structurally to the early-universe low inferred H₀ regime. 

Regime 2 — late expansion (high strain) 

• σ(t) grows 

• alignment windows narrow 

• internal equilibration becomes update-expensive 

• budget reallocates outward 

• separation accelerates 

This corresponds structurally to the late-universe higher local H₀ regime. 

Regime 3 — maximum strain threshold 

Eventually, strain reaches a critical level: 

• continuation bias flips 



• outward expansion can no longer be sustained 

• recoil becomes inevitable 

This is not a “decision.” 

It is torsional failure of continued outward bias. 

Regime 4 — cascade collapse 

Once recoil begins: 

• outer regions collapse first 

• shell mergers propagate inward 

• collapse accelerates into a cascade 

This reproduces the UDEL prediction: 

collapse is not uniform; it is outer-first, avalanche-like. 

Regime 5 — rebound and re-fracture 

After collapse, stored strain releases in a rebound event: 

• opposing waves propagate outward 

• the origin re-fractures 

• new jets emerge 

This completes the torsional oscillator cycle. 

 

A6.4 What the graphs mean (reader guide) 

The accompanying plots are meant to be read qualitatively. 

Typical plots include: 

• Budget plot: shows budget redistribution over time 

• Cascade plot: shows merger / collapse avalanche behavior 

• Δt plot: shows time divergence at collapse fronts 

• Masses / radii plot: shows shell evolution and collapse sequence 

• Torsion plot: shows σ(t) growth and threshold behavior 

• Phases plot: shows transitions between regimes 

Readers should interpret these curves as evidence of structural behavior: 

a spring-loaded constrained system naturally produces variable expansion rate and cyclic 

recoil, even without added fields. 

 



A6.5 Limitations (explicit honesty clause) 

This simulation is not claimed to be a literal physical implementation of the UDEL lattice. 

Limitations include: 

• 1D / shell-based simplification 

• no explicit discrete adjacency graph 

• no explicit LEU mechanics 

• no quantum motif formation 

• no full Δτ slice interactions 

It should be treated as: 

a qualitative mechanical analogue that demonstrates plausibility of the strain–budget–recoil 

cycle. 

 

A6.6 Why this appendix matters 

This appendix matters because it supports the core claim of Chapter 6: 

UDEL does not need dark energy, parameter tuning, or new fields to explain time-variable 

expansion. 

A constrained torsional system under finite coherent update capacity naturally produces: 

• early slow separation 

• late fast separation 

• recoil threshold 

• outer-first collapse cascade 

• rebound into renewed jets 

In other words: 

a universe governed by constrained adjacency update mechanics behaves like a torsional 

oscillator — because structurally, that is what it is. 

  



Chapter 7 — Eternal Cyclic Recoil 

The torsional oscillator universe: from max tension to 

rebound 

The universe is not a one-way trip to heat death. 

In UDEL, it cannot be. 

A universe governed by a strict invariant — 

E_total = 0 at every update — 

and built from a discrete adjacency lattice under finite coherent update capacity is not a 

system that can “relax into nothingness.” 

It is a torsional oscillator. 

Expansion and contraction are not competing narratives. 

They are symmetric phases of one mechanism: 

strain accumulation and strain release in a prolate fractured topology anchored by a spine. 

This chapter introduces the full cosmic cycle: 

buildup → max tension → recoil → cascade collapse → rebound genesis. 

No singularities. No information loss. 

Only endless breathing enforced by invariance. 

 

7.1 The maximum tension turning point 

Chapter 6 defined spine strain σ(t) as a distributed negative-energy contribution caused by 

differential counter-rotation and separation of arms around the football geometry’s long axis. 

σ(t) grows continuously. 

But it cannot grow without limit. 

At a critical threshold σ_max, continued outward separation would deepen negative structural 

contribution beyond what can be compensated by permitted positive update motion. 

In UDEL terms: 

• outward bias continues 

• strain saturates adjacency further 

• curvature demand grows 



• phase windows narrow 

• compensation fails 

And the lattice approaches a forbidden state: 

risk of violating E_total = 0 

UDEL cannot allow that. 

So the lattice does what torsional systems do under constrained invariance: 

it flips the continuation bias inward. 

Recoil begins not as an explosion, not as new physics, not as reversal of time — 

but as the release of a twisted spring untwisting. 

 

7.2 Cascading collapse: outer-first merger avalanche 

Once inward bias begins, collapse is not uniform. 

It is outer-first, because the outer slices are: 

• thinner minima 

• structurally less anchored 

• closer to instability thresholds 

• lower closure redundancy 

So the collapse begins at the edges: 

1. outer thin slices recoil inward first 

2. they cross Δτ boundaries 

3. motifs merge, annihilate incompatibilities, and saturate into higher-density structures 

4. a new merged slice forms with greater mass-density and deeper ρ_path curvature 

5. that deeper curvature accelerates inward bias further 

This creates a runaway process: 

each merger increases curvature and saturation, which increases collapse rate, which triggers 

the next merger faster. 

The collapse becomes an avalanche. 

Not a smooth “Big Crunch.” 

A cascade. 

 



7.3 Black holes as carried saturation knots (Book III 

continuity) 

Book III established that black holes are not singularities. 

They are saturation zones: 

• high-density closure knots 

• extreme local timing divergence 

• finite, survivable motifs locked into rigid adjacency constraints 

During cyclic recoil, black holes do not vanish. 

They persist. 

They are carried inward like rigid knots embedded in the collapse flow. 

They act as: 

• mass anchors 

• curvature amplifiers 

• timing distortion sources 

In the cascade, black holes merge, but do not destroy information. 

They preserve locked adjacency identity. 

This will matter enormously for the rebound. 

 

7.4 The end of collapse: front saturation and local Δt 

divergence 

As collapse progresses inward, the cascade remains structurally smooth until late phases. 

Eventually: 

• density fronts saturate 

• adjacency becomes rigid 

• continuation permissions narrow severely 

At those collapse fronts, local time behavior becomes extreme: 

• update permission becomes scarce 

• internal cycles slow 

• external observers see dramatic slowdown 

This appears as: 



local Δt divergence at collapse fronts 

(external clock slowdown near saturated collapse boundaries) 

But still no singularity forms. 

The lattice does not permit infinite concentration. 

It only permits saturation. 

 

7.5 Origin rebound: strain release as opposing wave 

propagation 

Collapse drives slices inward until the structure approaches a single saturated minimum. 

At that point: 

• the global topology is maximally compressed 

• E_total = 0 balance is restored at the deepest level 

• the spine has released most of its stored twist 

But now the system is unstable in a new way: 

the stored torsional history cannot remain “stuck” without violating invariance of update 

permissions. 

So the remaining strain releases as a rebound. 

Mechanistically, this means: 

• stored adjacency strain converts into a propagating continuation bias wave 

• opposing waves race outward along the spine 

• arms rebound and re-form as bipolar jets 

The origin does not “reset randomly.” 

It re-fractures structurally. 

The Δτ hierarchy re-emerges. 

And a new football geometry is born. 

 

7.6 The eternal torsional oscillator 

UDEL cosmology is cyclic because it must be. 



A zero-energy adjacency lattice with finite coherent update capacity cannot settle into 

permanent static equilibrium. 

Rest would violate invariance. 

Heat death would imply dissipation into irrecoverable degrees of freedom. 

But UDEL does not permit fundamental dissipation as a terminal sink. 

So the system breathes: 

genesis → strain → expansion → σ_max → recoil → collapse → origin → rebound → 

genesis. 

This is not philosophy. 

It is topological inevitability. 

It is a perpetual motion machine. 

 

7.7 Observational and theoretical implications 

If this chapter is correct, it implies several testable signatures: 

• late-time deceleration onset before collapse thresholds 

• persistent cosmic dipole / axis of asymmetry aligned with the spine 

• coherent galaxy spin alignments on a preferred axis 

• black hole merger-rate modulation during unwind phases 

• finite-density collapse signatures (no true singularities) 

These are not optional predictions. 

They are consequences. 

 

Chapter conclusion 

The universe does not die. 

Not in UDEL. 

It recoils. 

Spine strain cannot grow forever, and invariance forbids negative overshoot. 

So expansion inevitably turns inward. 



Collapse cascades outer-first. 

Black holes persist as saturation knots. 

And the origin rebounds into renewed jets and renewed fracture. 

Part II ends here: 

Cosmology is not fluids. 

It is not fields. 

It is: 

geometry + adjacency + budget under constraint. 

And now, with this cycle established, Book IV can proceed to the next phase: 

the engineering question. 

If this is the architecture of reality, then the next theories ask: 

can a civilization manipulate the budget? 

can we engineer vacuum phase? 

can motion be induced by topology rather than propulsion? 

That is where the book becomes dangerous. 

  



Chapter 8 — Reprocessing Observations 

Through the UDEL Lens 

A unified re-interpretation of major cosmological 

observables: the lattice already explains what looks 

anomalous in ΛCDM 

The standard cosmological model (ΛCDM) has delivered remarkable successes. 

But as measurement precision increases, several high-confidence observations now appear 

anomalous within it. 

These are not “minor discrepancies.” 

They are systematic tensions that become clearer with better data. 

The standard response is to patch ΛCDM: 

new fields, new parameters, new epochs, modified gravity terms, or evolving dark energy. 

UDEL proposes a different path: 

reprocess the same observations through the geometry and dynamics already 

established. 

Chapters 5–7 defined the UDEL cosmological backbone: 

• the football-shaped 4D manifold 

• the compact Δτ slicing 

• the spine / embedding cord 

• spine strain σ(t) 

• vibration clock modulation 

• zero-energy invariance (E_total = 0 per update) 

Once this structure exists, three “separate problems” collapse into one mechanism viewed 

through three observational windows. 

What ΛCDM sees as multiple disconnected anomalies requiring multiple fixes, UDEL sees 

as one predictable outcome: 

spine strain σ(t) modulates the vibration clock → finite update budget reallocates from 

internal equilibration to separation hops → expansion appears time-variable (slower 

early, faster late). 

This chapter outlines an observables program: three coherent re-interpretations flowing 

from the same topology. 

 



8.1 DESI residual: dark energy isn’t energy 

The Dark Energy Spectroscopic Instrument (DESI) has produced extremely precise late-time 

BAO measurements. Recent DESI analyses have been interpreted (within ΛCDM extensions) 

as favoring a time-evolving dark-energy equation of state, w(z), deviating from a strict 

cosmological constant. 

In ΛCDM language this suggests: 

• dynamical dark energy (e.g., quintessence), or 

• parameter-extended ΛCDM, or 

• modified gravity 

UDEL requires none of these. 

In UDEL, the apparent late-time acceleration is not caused by a substance with negative 

pressure. 

It is caused by a clock drift — an inevitable geometric effect. 

The mechanism is exactly the one established in Chapter 6: 

• spine strain σ(t) accumulates 

• phase alignment windows narrow (Interlude) 

• coherent update allocation shifts 

• effective separation rate rises 

Key mapping (UDEL) 

• Early universe (low σ(t)) 

wide phase windows → internal equilibration succeeds easily → separation hops less 

dominant → lower effective expansion rate 

• Late universe (high σ(t)) 

narrow phase windows → internal hops become update-expensive → budget shifts to 

separation hops → higher effective expansion rate 

DESI is observing the late phase of this continuous drift. 

Thus the “residual” in w(z) is not evolving dark energy. 

It is the geometric signature of a strain-modulated vibration clock under zero-energy 

invariance. 

No new substance is added. 

The effect scales with accumulated σ(t), which correlates with cosmic age and arm separation 

— hence it becomes strongest at low redshift. 

Testable fingerprints (distinguishing from dynamical dark energy) 



• Directional dependence: acceleration should show dipole/anisotropy aligned with 

the spine axis (not isotropic as typical quintessence models assume). 

• Late deceleration possibility: if strain saturates (Chapter 7), deceleration should 

eventually appear — unlike eternal acceleration models. 

• Correlation with large-scale structure: stronger effect along sightlines with higher 

void fraction / lower local path density (weaker strain buffering). 

 

8.2 JWST early galaxies: time calibration artifact 

JWST has revealed unexpectedly massive and mature galaxies at very high redshift (z ≳ 10–

15), producing the “too early / too mature” tension in ΛCDM. 

Within standard assumptions, these objects appear to form too quickly after recombination, 

motivating proposals such as: 

• bursty star formation histories 

• early massive seed black holes 

• modifications to early-universe physics 

UDEL offers a simpler explanation: 

this is not primarily a formation problem — it is a time-calibration problem. 

In ΛCDM, the redshift-to-time mapping assumes a specific expansion history. 

But in UDEL the expansion rate is not constant across cosmic evolution, because the clock is 

strain-dependent. 

Key mapping (UDEL) 

• Early universe (post-genesis, low σ(t)) 

wide windows → high internal hop success → budget remains local → slower net 

separation 

This implies: 

more proper time elapses per unit redshift interval at high z than a constant-clock 

model assumes. 

So galaxies at z ≈ 12–15 have had more effective development time than ΛCDM infers. 

They appear “mature” because in proper time terms, they are older. 

No exotic early seeds required. 

The lattice clock simply ran in a different regime: low-strain stability supports internal 

processes while separation remains slow. 

Testable fingerprints 



• Sightline dependence: the early-maturity effect should vary with spine orientation 

and cross-slice geometry. 

• Environment dependence: void environments (lower path density, lower strain 

buffering) should amplify maturity at fixed z. 

• Transition signature: as strain accumulates, the mismatch fades — high-z excess 

maturity should smoothly transition into standard formation rates at intermediate z. 

 

8.3 BAO phase anomalies: lattice clock imprint 

BAO provides a standard ruler. Yet high-precision analyses have shown hints of small, 

persistent phase residuals in BAO after subtracting ΛCDM templates. 

In standard interpretation, these residuals are typically attributed to: 

• tracer systematics 

• non-linear bias correction limits 

• neutrino / free-streaming subtleties 

• statistical fluctuations 

But the persistence of phase hints across tracers and environments suggests a deeper origin 

may exist. 

In UDEL, BAO phase is not merely astrophysical. 

It is one of the cleanest candidate signatures of the deeper substrate: 

BAO phase is a potential imprint of the lattice clock. 

UDEL introduces a structural mismatch: 

• gravity couples through bulk path density across slices 

• clocks remain slice-confined (vibration gating) 

Therefore, strain modulation of phase windows produces line-of-sight timing offsets which 

accumulate as a small phase drift: 

δφ ~ ∫ δτ dt along the line of sight 

Even a small fractional deviation, integrated over cosmic time, becomes measurable in high-

precision BAO. 

Crucially, this drift must correlate with geometry: 

• stronger along spine-aligned sightlines 

• environment dependent (void vs wall) because strain buffering varies with local path 

density 

• radial vs transverse mismatch due to Δτ slicing 



No new physics is added. 

The phase residual is the clock imprint: a geometric mismatch between multi-slice gravity 

propagation and slice-locked update timing. 

Testable fingerprints 

• stable phase residual correlated with void fraction / potential depth along the line of 

sight 

• anisotropic fits show stronger radial vs transverse residuals 

• void-selected vs wall-selected samples show different phase offsets 

• phase dominance (not amplitude dominance), which is harder to fake by bias/non-

linearities 

 

8.4 What would falsify this chapter (explicitly) 

UDEL makes predictions that are not vague. 

If future high-precision surveys show: 

• no spine-aligned anisotropy in expansion drift 

• no environment-dependent phase residuals 

• no consistent directional signatures across datasets 

then this chapter’s mechanism is constrained or falsified. 

That is a strength, not a weakness. 

Either outcome advances understanding. 

 

Chapter conclusion 

DESI residuals, JWST early galaxies, and BAO phase anomalies are not three independent 

tensions. 

They are three observational windows into the same mechanism: 

spine strain σ(t) modulating the vibration clock → finite update budget reallocating 

from internal equilibration to separation hops → time-variable expansion rate (slower 

early, faster late). 

ΛCDM sees: 

• evolving dark energy (DESI) 

• accelerated early formation (JWST) 

• unexplained phase residuals (BAO) 



UDEL sees: 

• a strain-dependent clock artifact 

• no patched epochs 

• no added substances 

• no hidden fields 

The lattice geometry already contains the explanation. 

The observables are not anomalous. 

They are fingerprints of: 

• the football topology 

• compact Δτ slicing 

• zero-energy invariance 

• and the unavoidable reallocation of coherent update capacity 

 


