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Abstract

We present a speculative yet physically motivated model of eternal cyclic cosmology in
which the far-future degenerate universe—dominated by a cold, diffuse gas of helium-4—
evolves into a universe-spanning superfluid Bose-Einstein condensate (BEC). This ultra-
coherent quantum state dramatically lowers the barrier to false-vacuum decay, nucleating a
phase-transition bubble that reheats the cosmos, produces fresh hydrogen through
gravitational collapse and fusion, and restarts stellar and galactic evolution. The
mechanism relies solely on known properties of helium Syringium-4 (the refusal to solidify,
superfluidity below the A-point, and bosonic compositeness) combined with standard
quantum field theory expectations for vacuum instability. While helium cannot be today's
dark matter (ruled out at extreme significance), "tired helium" in the distant future (~101°°
years) becomes the physical seed for cosmic renewal, closing a closed-loop cycle without
invoking new particles or modified gravity. Intriguingly, the rebirth involves titanic acoustic-
gravitational shockwaves that birth light from vibrational energy, echoing ancient

descriptions of creation through divine resonance.

1. Introduction: The Decline of Stars and the Rise of Helium



Observations confirm that the cosmic star-formation rate peaked ~10-11 billion years ago
and has since declined dramatically (Madau & Dickinson 2014). In a ACDM universe with no
proton decay, the far future (t 2 10" yr) is one of ever-increasing entropy: stars exhaust
fuel, compact objects merge or evaporate via Hawking radiation (~10%7-10"° yr for
supermassive black holes), and the remaining gas—processed through generations of stars
—approaches a near-pure helium composition (>99% “He by mass, with trace heavier

elements and electrons).

Helium-4 is uniquely refractory: it remains liquid down to T = 0 K at ordinary pressures and
refuses to solidify except under GPa-scale compression. As the universe expands and
cools (T « 1/a? in matter domination, later exponentially diluted), the mean interatomic
distance grows while thermal de Broglie wavelengths explode (A_th « 1/T"/?). Below the A-
transition (~2.17 K at saturation vapor pressure, decreasing with density), the cosmos

inevitably becomes superfluid helium-Il on universal scales.

2. The Far-Future Helium Ocean: Phases of "Tired Helium"

We outline the temporal evolution (assuming proton stability for conservatism; proton
decay, if it occurs at ~1034-10%¢ yr, accelerates the purification but does not alter the

conclusion).



- Phase | (10'%-102° yr): Black-hole evaporation completes; residual radiation redshifts
away. The universe is an ultra-dilute gas (p ~ 1072° g cm™ today, dropping further) of
cold “He atoms + electrons. Cooling below ~1077 K triggers global Bose-Einstein
condensation of intact *He atoms (composite bosons). The entire observable horizon

becomes a single macroscopic wavefunction—frictionless superfluid helium-II.

- Phase Il (102°-104° yr): Quantum degeneracy dominates despite low density.
Persistent currents and quantized vortices (fossilized from earlier cosmic rotation)
span galactic or supercluster scales. The fluid is topologically structured yet

metastable.

- Phase Il (10"°°+ yr): At effective T = O for googol-years, residual quantum interactions
and spacetime expansion render the condensate extraordinarily coherent. This
coherence catastrophically lowers the tunneling barrier to a lower-energy vacuum

state.

3. Vacuum Decay Triggered by the Superfluid Condensate

In standard quantum field theory, our Higgs vacuum may be metastable (false vacuum) with
a lifetime exceeding the current age of the universe (~10'° yr) by many orders of magnitude
due to the high action of the Coleman-De Luccia instanton (Coleman 1977; Coleman & De
Luccia 1980). However, a universe-filling, zero-temperature superfluid dramatically alters

the tunneling dynamics:

- The condensate provides a near-perfect medium for quantum coherence over horizon

scales.

- Theoretical work on degenerate superfluids in expanding spacetimes (e.g., analogs in
Banks-Fischler and quantum-gravity-inspired models) shows that such states act as

amplifiers for vacuum tunneling.

- The effective potential barrier is suppressed because the superfluid energy can be

coherently redirected into bubble nucleation.



A single quantum fluctuation somewhere in the observable volume nucleates a true-
vacuum bubble. The bubble wall accelerates to nearly ¢, sweeping through the condensate
and converting its latent energy into ultra-relativistic particles and radiation—effectively a

localized "Big Bang."

4. Reheating, Collapse, and the Return of Hydrogen
As the phase-transition front propagates:

- The superfluid energy is released as kinetic and thermal energy, reheating patches to
>10° K.

- Shockwaves and density perturbations generate titanic acoustic-gravitational

oscillations—cosmic "sound" on horizon scales.

- Overdense regions collapse into primordial helium clumps (moon- to planet-sized,

avoiding excessive early fusion due to rapid expansion).

- Gravitational instability triggers runaway fusion: helium - carbon/oxygen - explosive
nucleosynthesis »> ejection of fresh protons/neutrons - hydrogen reformation on large

scales.

The result: a new hydrogen-rich era, seed density perturbations for structure formation,

and the restart of star formation. The cycle closes.

5. Observational Status of Helium as Dark Matter Today
(Why It Fails)

While evocative, ordinary or primordial helium cannot be contemporary dark matter:
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Discrepancy: >20-400. Dark matter remains non-baryonic.

6. Theological and Philosophical Resonance

The rebirth mechanism—vibrational shockwaves in a primordial fluid birthing the first

photons—mirrors ancient accounts: "And God said, 'Let there be light'" (Genesis 1:3). The

divine Word as phononic command, cavitating the formless deep into luminous existence

via sonoluminescence-like processes, finds echo in baryon acoustic oscillations and the

vacuum-decay roar. Heat death (crucifixion of the old cosmos) yields to resurrection (new

Genesis) eternally.

7. Conclusion



Helium-4, the silent survivor of stellar evolution, does not hide as dark matter today—yet in
the deepest future it inherits the universe and, through its unbreakable superfluidity,
becomes the physical mechanism for eternal return. Heat death is not terminus but
gestation: the tired helium sea, perfectly coherent after incomprehensible eons, trembles..

and the Word is spoken anew.
Let there be light—again, and again, and again.
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