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Abstract

The Big Bang, occurring 13.8 billion years ago, poses unresolved questions: why was its initial state low entropy,
why are physical constants finely tuned, and what resolves the black hole information paradox? Watt's Cielo-Ciela
Cosmoses (WCCC) proposes a quantum cyclical cosmology, extending Penrose’s Cycles of Time by integrating quantum
entanglement and negative entropy. The bulk universe (Cielo) is holographically dual to a boundary conformal field
theory (Ciela) [1,2]. Black holes are reinterpreted as black mirrors (CPT-symmetric structures) and primordial black
stars-our term for primordial black holes acting as negative entropy reservoirs within a cosmic habitat [3,4]. At the
end of each cosmic epoch (termed a “water”), maximal entanglement triggers the Grok Erasure, a quantum process
extracting work to initiate a new low-entropy Big Bang [5]. JWST observations of QSO1, a massive early black hole,
support this model, which predicts testable signatures in cosmic microwave background (CMB) anomalies and LIGO
signals, offering a unified framework for cosmic origins [6].
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Introduction

The Big Bang, 13.8 billion years ago, initiated the universe in a low-entropy state, defying the second law of
thermodynamics’ tendency toward disorder. This initial condition, alongside the fine-tuning of physical constants and
the black hole information paradox, remains a central challenge in cosmology. Recent JWST observations of QSO1-a 50
million solar mass black hole at 600 million years post-Big Bang reveal early massive seeds inconsistent with standard
formation models, prompting new theoretical approaches [6].

Watt’s Cielo-Ciela Cosmoses (WCCC) proposes a quantum cyclical cosmology to address these issues. Building on
Penrose’s Conformal Cyclic Cosmology (CCC), WCCC posits that each Big Bang follows the end of a previous epoch,
driven by quantum entanglement and negative entropy [1]. The bulk universe (Cielo), described by FLRW spacetime,
is holographically dual to a boundary conformal field theory (Ciela) [2]. Black holes are reinterpreted as two distinct
negative entropy structures within a cosmic habitat: black mirrors, CPT-symmetric horizons preserving information, and
black stars, our term for primordial black holes formed from early density fluctuations [3,4]. In WCCC, “black stars”
highlights their role as negative entropy reservoirs, analogous to black mirrors, seeding large-scale structures like
galaxies (e.g., QSO1 [6]). At each end maximal entanglement enables the Grok Erasure, a quantum process extracting
work to reset entropy and initiate a new Big Bang [5]. Extending Penrose and Azuma et al., WCCC is consistent and
testable via CMB and gravitational wave signatures [1,7]. In Penrose’s CCC, epochs are called aeons. Section 2 outlines
foundations. Section 3 details the duality. Section 4 explains the Grok Erasure. Section 5 covers evolution. Section 6 lists
predictions. Section 7 concludes.
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Foundations

Conformal Cyclic Cosmology

Penrose’s Cycles of Time proposes successive aeons (waters), each spanning from a hot Big Bang to a cold heat death,
connected by conformal rescaling that preserves low Weyl curvature and initial entropy [1]. This framework avoids
singularities but lacks quantum details for transitions and information preservation.

Core Mechanism: Mass Loss and Conformal Invariance

Conformal Cyclic Cosmology (CCC) envisions infinite aeons linked by conformal invariance in the far future, achieved
through mass loss. In the standard Big Bang, massive particles (e.g., via rest masses or horizons) break conformal
symmetry by introducing fixed scales. Conformal transformations, rescaling distances and times while preserving angles
and causality, fail in massive systems.

Over vast timescales (trillions to 10100 years), the universe becomes massless through:

* Proton Decay: Protons decay in > 10* years (per grand unified theories), converting baryons to photons and
leptons, yielding massless radiation.

* Black Hole Evaporation: Supermassive black holes evaporate via Hawking evaporation, producing photons,
gravitons, and neutrinos.

In this massless state, the universe is radiation-dominated, with photons following null geodesics. Weyl curvature
vanishes, rendering the metric conformally flat. Without mass-defined “clocks” (e.g., Compton wavelengths), proper
time loses meaning, and scales become arbitrary under a conformal factor Q. Massless field equations (e.g., Maxwell’s
or linearized gravity) remain invariant under ga» — ©2°g4 mapping the infinite future to a finite Big Bang for the next
epoch. Null intervals become timelike, linking aeons without singularities.

Low Weyl curvature at the Bang resets entropy, bypassing inflation. However, CCC’s classical geometric approach leaves
quantum transitions and information unresolved.

Extending CCC in WCCC: Quantum Dynamics and Negative Entropy

WCCC extends CCC by incorporating quantum mechanisms, transforming the conformal link into an entanglement driven
transition. CCC facilitates cycles via mass loss; WCCC provides the mechanism: the Grok Erasure leverages holographic
entanglement to extract work and initiate a new Big Bang.

The Cielo-Ciela duality (Section 3) maps the FLRW bulk to a boundary CFT [2]. In the massless limit, the bulk aligns
with the CFT’s scale invariance. £R = EPR bridges entangle black stars across this duality [2]. As mass diminishes,
entanglement grows (Section 5), yielding negative conditional entropy S(Cielo | Cielo) < 0 [5]. This enables erasure: CFT
operations eliminate correlations, extracting work to create density gradients and reset the arrow of time quantumly.

Black mirrors and stars store prior-epoch information on horizons, addressing CCC's information loss oversight [3,4,7].
Their evaporation fuels entanglement, preserving coherence across the conformal map and resolving the information
paradox. WCCC integrates Smolin’s cosmological natural selection: aeons “reproduce” via black star formation, favoring
negative entropy efficiency, akin to CCC's low-Weyl starts [8]. Unlike CCC's scale-free endpoint, WCCC posits an active
threshold where erasure converts negative entropy into a new low-entropy Bang, testable via CMB anomalies [1].

CCC provides the geometric scaffold; WCCC adds quantum entanglement and negative entropy for robust, observationally
verifiable cycles.

Black Mirrors and Black Stars

Black holes serve as negative entropy reservoirs by compressing matter into ordered horizon states [7]. Azuma et al.
modify the Bekenstein-Hawking entropy formula to account for negative-frequency Hawking particles carrying “negative
entropy”:

CSAB

where I is the coherent information between exterior and horizon subsystems, ensuring unitarity during evaporation
and aligning with the Page curve. Black mirrors, CPT-symmetric horizons, preserve information via matter-antimatter
annihilation [3].

Black stars, our term for primordial black holes, form early from density fluctuations and seed large-scale structures [4].
The JWST’s QSO1 observation-a massive black star in a small early galaxy-exemplifies their role [6]. In WCCC, we label
them “black stars” to emphasize their function as negative entropy reservoirs, paralleling black mirrors in maintaining
order within the cosmic habitat.

These structures counter entropy increase, akin to Schridinger’s description of life importing order and exporting
disorder [9]. Black mirrors and stars accrete high-entropy matter, store it as low-entropy horizon information, and
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emit disorder via Hawking radiation, mirroring biological systems. Lovelock’s Gaia hypothesis applied self-regulation
to Earth; WCCC extends this cosmically, positing a universe that evolves to support negative entropic structures-large
(supermassive black mirrors forming galaxies) and small (stellar black stars seeding clusters)-driving complexity across
waters [8,10].

Mathematical Framework
WCCC's formalism is grounded in quantum information theory and holography. The joint Cielo-Ciela state evolves
unitarily:

[W(t)) = U(t) | ©(0))
where U(t) is the unitary evolution operator, preserving information. Initially, the state is nearly separable:
|¥(0)) ~ | Cielo(0)) ® | Ciela(0)),

reflecting minimal entanglement post-Big Bang. Black star formation and evaporation build correlations via ER=EPR
bridges [2].

The reduced density operator for Cielo is:
peieo(t) = Trciaa || ¥(1)) (W (1)]
Conditional von Neumann entropy, quantifying Cielo’s effective entropy given Ciela, is:

S(Cielo | Ciela) = S(pjoint) — S(pcicla),

where
S(p) = —Tr[plogy p] (in bits),
pioine = [ (1)) (L (t))|
is pure
(S (pjoint) = 0),
and
pciela(t) = Trcielo [ Pjoint) -

Thus,

S(Cielo | Ciela) = —S(pcien())

For a pure bipartite state,
S(pcieta) = S(pcielo) = Sent(t),

the entanglement entropy, which grows with correlations (e.g., via black hole evaporation). Hence,
S(Cielo | Ciela) = —Sp(t) <0,

becoming increasingly negative at heat death, reflecting strong correlations where Ciela’s knowledge reduces Cielo’s
uncertainty below zero (coherent information I_(Ciela — Cielo) = —s(Cielo | Ciela) = 5, (t) > 0).

The Grok Erasure extends Landauer’s principle for quantum memories: the work cost (or extractable work) for
resetting Cielo, conditioned on Ciela, is [5]:

W = kpTS(Cielo | Ciela) In2,

where & is Boltzmann'’s constant and 7 is the effective cosmic temperature at heat death. For negative s(Cielo | Ciela),
w < 0, enabling work extraction—e.g., a Bell pair (» = 1) with S(Cielo | Ciela) = —1 bit yields w = —k,7 In 2. This scales
to cosmological states, driving entropy reset and forming density gradients for the new Big Bang.

These relations link quantum information to holography: initial separability (s, .(0) = 0) gives S(Cielo | Ciela) = 0;
maximal late-time entanglement yields S(Cielo | Ciela) « 0, triggering erasure. Derivations rely on ¢ (t)’s unitarity and
pure-state symmetry (S(oCielo) = S(pCiela)), consistent with holographic bounds (e.g., Ryu-Takayanagi [11]).

Cielo-Ciela Duality
WCCC's core is the holographic duality between Cielo (FLRW bulk) and Ciela (boundary CFT). The holographic principle
equates a gravitational theory’s dynamics to a boundary QFT [11]. WCCC applies this to FLRW cosmology: Ciela encodes
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Cielo’s geometry and matter, ensuring unitarity across cycles.

ER=EPR links bulk black holes to boundary entanglement: Einstein-Rosen wormholes correspond to EPR pairs [2].
Primordial black stars form initial ER bridges, appearing as entangled Ciela states. Black mirrors sustain these, with
horizons as boundary operators, avoiding firewalls by maintaining “cool” entangled horizons that preserve information.
At heat death, black hole evaporation maximizes entanglement, yielding S(Cielo | Ciela) < 0. The joint state evolves
unitarily from separable to maximally correlated, enabling the Grok Erasure via strong non-locality in pCielo.

The Grok Erasure

The Grok Erasure initiates new aeons, leveraging negative entropy thermodynamics [5]. Landauer’s principle states that
erasing a bit costs 47 In 2, increasing entropy; del Rio et al. generalize this to quantum systems: the cost is k7[S(system
| memory)In2]. Negative conditional entropy from entanglement enables work extraction, cooling the system. For a
Bell pair, S(4 | B) = —1 bit yields 47 In2. Superconducting qubit experiments confirm that correlations reduce effective
entropy.

Big Bang Black Stars  Black Mirrors Next Big Bang

(Primordial  (Black Holes) Grok Erasure
Black Holes)

Figure 1: Each Cosmic Water Flows into the Next via GROK ERASURE, Resetting Low-Entropy Conditions
and Preserving Information Holographically

In WCCC, heat-death entanglement drives S(Cielo | Ciela) < 0. CFT operations erase correlations, extracting work to
cool radiation and form gradients, collapsing superpositions with aid from black mirror CPT symmetry [3]. Conformal
rescaling maps this to a new Big Bang, resolving low initial entropy scalably [5].

Dynamical Evolution of Entropy, Negative Entropy, and Entanglement Over a Full Water
Entropy (S), Negative entropy (#), and Entanglement (£) evolve across each water in five stages:

Stage Description Key Dynamics
1:  Early Stage (Post Bang Big Bang initiates Total S = 0, total N = 0; E ~ 0, S(Cielo | Ciela)
and Nucleation) low-entropy plasma. approximately 0. Black stars seed weak ER = EPR links.
2:  Middle Stage (Structure Gravity drives complexity — Total S o ¢ from irreversible processes; local N > 0 in black
Formation) buildup. mirrors. F grows via Hawking radiation; S(Cielo | Ciela) greater
than 0.
3:  Late Stage (Expansion Dark energy accelerates Total S approaches S_max; N concentrates in evaporating black
and Dilution) expansion. holes (Npr o< M? [7]). E rises; S(Cielo | Ciela) nears negative.
4:  Ending (Heat Death) System reaches thermal Total S = S_max; global N > 0. E = E_max;
equilibrium. S(Cielo | Ciela) less than 0.
5:  New Beginning (Erasure Grok Erasure resets the Extracts W > 0, reducing total S to Spang; /N approaches 0 from
and Bang) cycle. above. E approaches 0, followed by conformal rescaling to new
Bang.
Table 1

Energetic Viability of Grok Erasure — A Step-by-Step Toy Model

To address whether the entanglement resource at conformal crossover provides sufficient work to seed horizon scale
density contrasts (6p / p ~ 107°) in the new Big Bang, we present a schematic toy model. This model, inspired by
holography, focuses on scaling and robustness, building on Section 2.3 and Stage 4 of Section 4.1, where S(Cielo | Ciela)
= —S_. < 0 is the thermodynamic resource.

Goal & Assumptions

The heat-death state is a pure, maximally entangled bipartite system 4 + 5:
 A(Cielo): degrees of freedom to reset;

« B(Ciela): entangled quantum memory.

The joint state p,, is pure and highly entangled. We use the memory-assisted Landauer result [5]: negative conditional
entropy enables work extraction at temperature 7. (conformal-frame temperature at crossover). Entropies are in bits
(Sbits); thermodynamic formulae use nats (S = S, In 2).
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* Entropy Identities
Von Neumann entropy is:

S(X) = —Tr(px Inpx).
For pure p,,, S(AB8) = 0, and subsystem entropies are equal:
Sent = S(A) = 5(B)
Conditional entropy is:
S(A|B) = S(AB) = 5(B) = —Sen

so |S(4 | B)| = Sent for a maximally entangled state.

o ExtractableWork
Ideal extractable work is:

Wex = kBTeffSnat57

where S = |S(4 | B)|. With efficiency n < 1, usable work is:

nats

Wusable - nk'B nffSnats

* Sanity Check — Single Bell Pair
For a Bell pair, 5,,, =1,s05 . =In2. At7,=1K

nats
Waubic = k(1K) In2 ~ 9.57 x 10724 7.
Work scales linearly with entangled degrees of freedom.

* Cosmic Scaling
Using a cosmic entropy benchmark:

Shits ~ 10104 bits,
Shats = s1n2 & 6.93 x 10'%nats.
For7,=1K,n=1:
Wex ~ 1.380649 x 10723 x 6.93 x 10'%3 ~ 9.57 x 10%° J.

+ Cosmological Energies
Observable-universe rest energy: £, ~ 8.8 x 107 J.
Energy for density contrasts (6p /p ~ 1075):

Ereeded ~ 1075Euniv ~ 8.8 x 1065 J.

Ratio:

Wee  9.57 x 10%°

~ 15
Freeded . 8.8 x 1065 1.09 x 10

The entanglement resource exceeds the required energy by ~ 10%, a robust margin.

* Robustness
Threshold temperature for w

usable

=£

needed”

E
Tthresh = needed ~ 9.2 x 10_16 K(n = 1)

nkB Snats

For 7 = 107" K and reasonable ,, work exceeds £,_.,.,. If 7 = 1073, Tthresh scales by 10°, the overall conclusion from
this toy model is that the entanglement resource more than meets the required energy to power the Big Bang.

* Energy Bookkeeping

W, > E,. indicates capacity, not literal energy duplication. In a conformal/holographic framework, work manifests as
radiation and matter.
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Caveats

* Memory Access: The protocol assumes Ciela operations translate to bulk physics.

» Temperature 7_.: CCC rescaling implies finite crossover temperatures, needing detailed justification.
» Efficiency 5: Losses reduce work, but robustness persists unless 7 is negligible.

* Holographic Caveat: AdS./CFT, guides intuition, not exact cosmology.

* Observables: Testable signatures (e.g., non-Gaussian correlations) are critical (Section 6).

Cosmic Evolution

This section integrates the quantum and holographic framework with an evolutionary perspective across waters,
incorporating Smolin’s cosmological natural selection [8]. Smolin posits that universes “reproduce” via black holes, with
constants varying slightly each cycle, favoring parameters that maximize black hole production. WCCC adapts

this to select for negative entropy efficiency, casting the universe as a self-optimizing cosmic habitat.

Encoding Prior aeons and Tuning Constants

Black mirrors and stars encode prior waters’ information in vacuum correlations, with CFT operators tuning constants
[8]. Unlike classical CCC, WCCC uses holography to preserve information across cycles. Black mirrors (CPT-symmetric
horizons) and black stars (primordial black holes) store data as quantum imprints in vacuum fluctuations, persisting
through conformal rescaling [3,4]. As black holes evaporate, horizons encode coherent information, acting as cosmic
archives [7].

Smolin’s model suggests black holes spawn new universes with varied constants, selecting for those maximizing black
hole formation [8]. WCCC refines this: Ciela’s CFT operators modulate vacuum correlations, tuning constants (e.g.,
gravitational strength) to favor efficient black star formation. This quantum-selected refinement, with horizon data as a
“genetic” template, addresses fine-tuning: constants evolve to optimize negative entropy storage, ensuring continuity
across waters.

The Cosmic Habitat and Negative Entropy

The cosmic habitat supports negative entropic structures, converting disorder to order. Drawing on Schrddinger’s
negative entropy (life importing order) and Lovelock’s Gaia, WCCC envisions the universe as a self-regulating ecosystem
[9,10]. Black mirrors and stars, as “organisms,” accrete high-entropy matter, store it as low-entropy horizon information,
and emit disorder via Hawking radiation, fostering complexity (e.g., galaxy formation around QSO1 [6,7]).

Smolin’s selection favors universes with more black holes, implying parameters that enhance structure formation [8].
WCCC extends this: waters with efficient black star/mirror formation “reproduce” better, encoding constants that amplify
negative entropy. Over cycles, the cosmos converges on a “fit” state, optimized for order, resolving fine-tuning without
anthropic principles. Black stars are evolutionary agents, nurturing the habitat by seeding structures.

Evolution of Entanglement Entropy
Entanglement entropy evolves as:

Sen(t) = = Tr | (1) logy p(t)|

where

p(t) = Trcian [[() (W (1)]] = pcian(t):

It grows with black star formation via ER=EPR bridges, peaking at heat death to enable erasure where s(Ciela | Ciela) =
-5,..(t) < 0 [2]. This drives negative entropy efficiency [8]. The growth rate, ds / dt « horizon formation/evaporation,

aligns with holographic area laws (Ryu-Takayanagi [11]).

S,.(t) quantifies quantum correlations: near zero post-Bang, it rises as black stars form ER bridges, entangling Cielo with
Ciela. Late-stage evaporation (Hawking pairs) maximizes s_, making S(Ciela | Ciela) < 0, powering the Grok Erasure
[5]. Smolin’s fecund universes are those with more black holes; in WCCC, maximal Sent growth enhances erasure and
constant tuning, favoring complex structures (e.g., galaxies, life) across waters [8].

Predictions

WCCC predicts four testable signatures:

« CMB Anomalies: Prior waters imprint 10-°> temperature deviations (rings or Hawking points). Detect via Planck/JWST
spectra for non-Gaussianity beyond inflation [1,12].

« LIGO Quasi-Normal Modes: CPT symmetry shifts merger ringdown frequencies/damping, detectable in LIGO/Virgo
data [3].

* Black Star Signatures: Microlensing in OGLE/Gaia, CMB distortions, and NANOGrav gravitational waves, with QSO1
as evidence [4,6].

* Vacuum Correlations: Constant variations cause Hubble shifts or axion signals in ADMX, measurable via DESI
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supernovae vs. CMB [8].

Conclusion

WCCC offers a quantum cyclical model for cosmic origins, using entanglement, negative entropy, and holography to
explain the low-entropy Big Bang, fine-tuned constants, and information preservation. Black mirrors and stars drive
evolution across waters as negative entropic agents in a cosmic habitat. Testable via CMB, LIGO, and other observations,
WCCC invites exploration of the universe’s cyclic renewal. What traces of prior waters will future data reveal?
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