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Abstract

In standard Conformal Cyclic Cosmology (CCC), the entire universe evolves toward
infinite expansion, eventually reaching a conformal scale-invariant state, from which a
new aeon emerges. We present a conceptual extension in which causally disconnected,
massless regions within the expanding universe independently attain scale invariance,
forming "nodes of time". These nodes, bounded by their own cosmic event horizons and
devoid of massive particles, become locally conformally invariant and thus capable of
being rescaled into new Big Bang-like origins. This multiversal noding process
circumvents the need for speculative phenomena such as electron decay or global entropy
resets. Instead, each node emerges naturally through geometric isolation, not energetic
birth. This perspective reframes cosmic rebirth not as a cyclical global reset but as a
branching of causally isolated regions, each born not in a violent singularity, but in the

silent disappearance of scale.

1 Introduction

The accelerating expansion of the universe presents profound implications for the future
of matter, structure, and information. Among the most profound is the realization that
cosmic expansion may continue — not just for billions of years, but potentially forever.
The result is a future in which increasingly large regions of the universe, particularly
deep intergalactic space, become causally disconnected. As regions accelerate beyond
each other’s observable horizons, information exchange becomes impossible. What
remains inside each horizon is a dwindling inventory of particles, radiation, and entropy.
This paper proposes that, under specific conditions, such isolated and emptied regions
can become physically rescalable — not just in theory, but in a conformal geometric
sense [1, 6]. In these regions, thermodynamic comparisons collapse, and radiation
stretches beyond causal relevance. In the framework of Conformal Noding Cosmology
(CNC), we define these regions as Nodes of Time: domains in which new universes may

spontaneously emerge, governed by the same conformal symmetry explored in Roger



Penrose’s Conformal Cyclic Cosmology (CCC), but without requiring the entire cosmos

to reach that state simultaneously.



2 Conformal Cyclic Cosmology (CCC) and its Core
Challenges

CCC is a cosmological model proposing that the infinite future of one universe becomes
the Big Bang of the next. By applying a conformal transformation that rescales space and
time, CCC treats the cold, structureless late-time universe as geometrically equivalent to
the hot, dense state of the next [1]. This idea rests on a surprising mathematical fact: in a
universe devoid of mass and structure, spacetime becomes conformally invariant.
Distances and durations lose physical meaning, but the paths of light — null geodesics —
remain unchanged under rescaling. Thus, CCC imagines a succession of aeons, each one
emerging from the conformal boundary of the previous. Penrose’s model has gained
traction for its elegance and the philosophical symmetry it implies, and CCC traditionally
assumes that the entire universe undergoes this transition uniformly. However, it faces

theoretical challenges:

e The fate of electrons (assumed to be absolutely stable)
e The mechanism for global entropy reset

e The assumption that the entire universe simultaneously achieves scale invariance
These challenges motivate the search for localized or alternative models.

In contrast, CNC proposes that isolated subregions, already disconnected by cosmic
acceleration, can undergo this process independently, potentially spawning many new

universes in parallel.

3 The Geometry of Causal Isolation

As the universe expands, increasingly large regions become causally disconnected from
one another. The cosmic event horizon defines a boundary beyond which no signal — no
matter how fast or how early it was emitted — can ever reach an observer [3, 4]. When
all massive particles in a given region are separated by such horizons, that region

becomes effectively sealed from external influence. Within these causally isolated



domains, spacetime evolves independently, uninfluenced by surrounding matter or

radiation.

This disconnection is not merely geometric, it is also physical and thermodynamic in its
implications. Once energy exchange is no longer possible, the region may begin to lose
all traces of structure and entropy, approaching conditions of masslessness and scale
invariance. It is in these conditions that we propose such domains may transition into

Nodes of Time — potential precursors to future universes.

In this framework, the boundary of a region’s observable universe is not merely defined
by distance, but by redshift: specifically, by the maximum redshift a photon can
experience before becoming causally disconnected from the region. As expansion
proceeds, even photons emitted from nearby sources may be stretched to wavelengths
that exceed the region’s causal diameter. Once this happens, the photons become

undetectable and dynamically irrelevant.

Thus, true isolation is marked not by spatial separation alone, but by the failure of
information exchange, set by redshift-induced disconnection. This redshift limit
provides a natural boundary for defining thermodynamic closure, marking the onset of a
new domain — one in which scale, energy, and entropy cease to carry conventional

meaning.

This reframing offers a conceptual extension to the traditional notion of the observable
universe. While standard cosmology defines observability by the time light has had to
reach us since the Big Bang, CNC introduces a redshift-defined horizon: the threshold
beyond which photons are stretched so far that they exceed the causal diameter of a
region. At that point, they cease to contribute thermodynamically or structurally to that
region’s evolution. This boundary is not simply epistemic — it reflects a physical cutoff
in relevance, where information can no longer be exchanged, even in principle. In this

view, the observable universe becomes a function of expansion, not just history.



3.1 Formalizing Observable Boundaries

To rigorously define the isolation of a region, we must distinguish between coordinate
distance, proper distance, and the causal limits imposed by expansion. In cosmology,
the relevant quantities are the particle horizon and the event horizon — both of which

depend on the universe’s expansion history through the scale factor a(t).

The event horizon is particularly important in Conformal Noding Cosmology, as it
defines the furthest distance from which light emitted now can ever reach a given

observer in the future. It is given by:

Devent(t) = a(t)ft ﬁ dt’

This integral evaluates the maximum proper distance that signals can travel after time t.
As the universe evolves, regions beyond this limit become permanently causally

disconnected.

In parallel, light emitted within a region is redshifted due to expansion. The observed

wavelength grows according to:

a(tops)
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This equation describes how the wavelength of a photon stretches
as the universe expands, with the ratio of scale factors determining
the degree of redshift.

This shows how photon wavelengths stretch proportionally to the ratio of scale factors at
emission and observation. In more general terms, redshift may be expressed as a
proportionality to the scale factor, or dynamically as a differential equation involving the

Hubble parameter H(t) = (a’)/(a), describing the continuous rate of redshifting:



Axa(t) or 2 =AH(t)

Over time, even photons originating within the region may redshift beyond the region’s
own causal diameter, rendering them unobservable and thermodynamically irrelevant.
When the longest observable photon wavelength Amax exceeds the size of the region's

event horizon, no energy transfer or causal influence remains.

Thus, in CNC, we define the true boundary of an observable universe not merely by

distance, but by the maximum redshiftable wavelength:
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Once the wavelength of even the longest surviving photon exceeds the region’s causal
diameter [4], that region can no longer exchange energy or information, signaling the

onset of complete thermodynamic isolation.

At this point, the region is no longer a participant in the thermodynamic evolution of the
universe. It is closed, silent, and drifting toward conformal neutrality. Such a domain is
no longer defined by energy or structure, but by its lack of influence — a critical

precondition for scale invariance and potential cosmological noding.



4 Defining a Node of Time

A Node of Time is defined as a causally isolated region of spacetime in which all mass-
bearing structure and radiation have been carried beyond the local event horizon. Once
the region becomes closed to further causal influence and its internal contents no longer

participate in thermodynamic exchange, it ceases to evolve meaningfully.

Such a domain is not characterized by energy, entropy, or interaction, but by the absence
of those features. It no longer possesses an arrow of time or any definable structure
against which scale or duration can be measured. From the standpoint of general
relativity and conformal geometry, this isolation renders the region geometrically neutral.

It is no longer defined by mass-energy, but by the symmetry that arises in their absence.

In this state, conformal rescaling becomes mathematically valid and physically
meaningful. The region may be treated as a conformally invariant patch of spacetime —
one which satisfies the geometric and thermodynamic requirements to undergo
spontaneous cosmological noding. These Nodes of Time are not rare singularities, but

natural endpoints of cosmological disconnection.

4.1 Thermodynamic Irrelevance Despite Matter Persistence

A key tenet of Conformal Noding Cosmology (CNC) is that scale invariance arises not
when matter disappears entirely, but when structure, thermodynamic comparison, and

causal connection cease to exist within a region [2, 6].

In an accelerating universe, matter that is not gravitationally bound — particularly
outside the scaffolding of dark matter halos — will be carried away by expansion [4, 6].
Isolated particles in intergalactic space become forever separated, both from one another
and from any observer. Over time, their interactions cease, their emitted photons redshift

beyond causal influence, and they contribute nothing to local entropy or structure [8].



Mathematically, we track the onset of this irrelevance through redshift. As the scale

factor increases, the wavelength of photons grows according to:

Amax = Dcausal = NO energy exchange or IImE=0

Ao

Eventually, even the most recently emitted photons will be stretched to wavelengths
exceeding the region’s causal diameter. At that point, energy exchange becomes
impossible — not because energy no longer exists, but because it no longer connects.

This marks the threshold for thermodynamic disconnection.

Importantly, CNC does not require absolute emptiness, nor does it suggest that isolated
particles themselves become nodes. Rather, it recognizes that matter not supported by
gravitational binding — especially outside dark matter halos — will eventually drift
into causal irrelevance. These particles or fragments, whether lone atoms or larger inert
bodies, remain eternally disconnected in vast, quiet regions. They do not rescale; they
become thermodynamic fossils: forever present, yet unable to participate in meaningful

structure, change, or rebirth.

What matters for CNC is not the survival of such “blips,” but the isolation of
surrounding space. The regions between gravitational domains — those not containing
structure, temperature gradients, or clocks — are the ones that qualify. As expansion
progresses, these adjacent massless pockets grow, shedding all thermodynamic

reference until they are truly conformally neutral. These are the Nodes of Time.

S Energy, Entropy, and the Scale-Invariant Limit

In General Relativity, energy is not globally conserved in expanding spacetimes,
particularly those lacking timelike symmetries [2, 4]. As photons redshift, they lose

energy relative to comoving observers, and the very concept of a total, conserved energy



budget becomes ambiguous [6, 8]. In massless and causally disconnected regions, these

ambiguities become absolute: both energy and entropy lose definitional significance.

Entropy, by its nature, is relational. It depends on gradients of temperature, mass, or
information content. In the absence of matter and structure, there is nothing to compare.
There are no hot and cold regions, no clocks to tick at different rates, no distinctions in
state. Without these comparisons, entropy cannot meaningfully increase or decrease; it

simply ceases to apply.

This breakdown of thermodynamic relevance strengthens the viability of scale-invariant
regions as sites for cosmogenesis. In these domains, the second law of thermodynamics is
not violated — it is rendered irrelevant. The conditions are not those of thermal

equilibrium, but of thermodynamic silence.

Even in regions containing residual radiation, expansion stretches photon wavelengths
until their energy becomes negligible. These photons may still exist mathematically, but
they are dynamically inert — unable to interact, influence, or contribute to structure.

The redshifting of photon energy as a function of wavelength is given by:

E=%—>O as A-

As the universe expands, the wavelength of any remaining radiation increases without
bound, causing photon energy to asymptotically approach zero. In this limit, radiation
still exists but no longer contributes dynamically to the region.

If no radiation is present at all, the region becomes not only massless but completely
thermodynamically inert. With no particles to vibrate, no gradients to compare, and no
information to exchange, temperature itself becomes undefined. The region does not
approach absolute zero in the conventional sense — it exits the domain where

temperature has any physical meaning at all.



This thermodynamic neutrality is not merely intuitive; it can be formalized. The
vanishing of all meaningful thermodynamic differentials — temperature, energy, and

spatial variation — collapses the entropy gradient, as shown in:

VS->0 as AT,AE,Ax-0

Entropy gradients, which depend on the existence of spatial or energetic differences,
collapse in regions where no structure or thermodynamic variation remains. This
reinforces the condition of conformal neutrality.

This transition into a realm where geometry remains but thermodynamic content
disappears marks the entrance into scale invariance. The region lacks structure, entropy,
and energy differentials. It possesses no features that would prohibit conformal rescaling.
In this limit, spacetime becomes a blank canvas: silent, empty, and ready for

cosmogenesis.

5.1 Vacuum Ground State and Geometric Energy

Even in the absence of mass and radiation, the vacuum of spacetime is not trivial.
Quantum field theory tells us that empty space retains structure encoded in fields,
symmetries, and the zero-point fluctuations that permeate the vacuum. But in the
conformal noding framework, we ask a different question: what remains once all

observable structure, interaction, and comparison are gone?

The answer is geometry. More specifically, it is the metric structure of spacetime: the
gravitational field, no longer shaped by stress-energy, but persisting as a smooth, inert

substrate. In a region with no mass-energy, the Einstein field equations reduce to:



This is the vacuum solution to Einstein’s field equations, describing a spacetime with no
matter or energy content.

Such spacetimes are not devoid of meaning — they include solutions like Minkowski
space, and asymptotically flat or de Sitter geometries. But within CNC, the importance
lies not in the specific form, but in the removal of sources. The geometry exists, but

nothing remains to shape it.

If even quantum vacuum fluctuations are causally disconnected — stretched beyond
observational relevance — then the region ceases to exhibit any detectable curvature or
field excitation. It becomes a flat, silent carrier of null geodesics, and a candidate for

conformal rescaling.

From the conformal perspective, what matters is not energy density, but scale freedom.
In the absence of mass, radiation, and curvature, the region becomes invariant under

conformal transformations:

9w = Q? (x) 9uv

This conformal transformation preserves null geodesics while rescaling all lengths and
times by the local factor 2(x).

A region in which Tpv — 0 satisfies the vacuum Einstein equation ORpv = 0, yielding a
spacetime that is geometrically flat and thermodynamically silent [5, 10]. It loses all
physically meaningful scale; it cannot measure, compare, or evolve. This is not a broken
physical domain, it is a blank initial condition. And in CNC, such a condition is not the

end of time, but the beginning of a unique aeon.



6 Nodes as Causally Independent Cosmogenesis

If a causally isolated, thermodynamically silent region satisfies the vacuum condition and
becomes conformally invariant, then what remains is a structureless pocket of spacetime
with no meaningful scale, curvature, or evolution. From the standpoint of general
relativity and conformal geometry, such a region is mathematically indistinguishable

from the early universe at the Planck scale just prior to inflation [5].

Unlike standard cosmological models, which require an initial singularity and global
boundary condition, CNC proposes that each such region can act as its own cosmological
progenitor. These Nodes of Time do not arise from collapse, fluctuation, or tunneling.
They are not born of high energy, but of total disconnection. They are not singularities or
inflating bubbles, but quiet voids — their emergence is governed not by energetic events,
but by isolation itself, consistent with thermodynamic decay models [6, 8] and vacuum-

grounded cosmogenesis concepts explored in [10].

Because each Node is causally isolated from every other Node and from any external
structure, it satisfies the criteria for independent cosmogenesis. No information escapes
or enters. From the internal perspective of any future observer inside the newly noded
domain, there is no reference to an earlier universe. The arrow of time, entropy gradients,

and spacetime curvature can re-emerge independently.

This independence satisfies a basic requirement of physical realism: that initial conditions
can be set locally and self-consistently. A conformally rescaled, structureless region need
not be created — it already exists in the far future of an accelerating cosmos. What it
requires is only a reinterpretation of its geometry. Under a conformal transformation, the

region is indistinguishable from a high-energy Big Bang state [1]:
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When rescaled, a silent, massless future region becomes geometrically equivalent to a
dense, energetic beginning.

Importantly, this process does not require a singularity, quantum fluctuation, or external
cause. It is a natural consequence of expansion, structure dissipation, and causal

geometry.

In this view, cosmogenesis is not a rare or special event, it is a statistical inevitability. As
the universe expands, it sheds thermodynamic content into isolated pockets, each of

which becomes a blank slate: a node from which spacetime may bloom anew.

7 Conformal Boundaries and the Fate of Structure

In most cosmological models, the universe's long-term fate involves a gradual dissipation
of structure. Galaxies recede, stars burn out, and black holes evaporate over unimaginable
timescales. The thermodynamic arrow of time continues its march toward maximum
entropy, leaving a cold, dark universe in its wake. But in Conformal Noding Cosmology,

this is not the end of the story — it is the beginning of many.

The accelerated expansion of the universe ensures that large-scale structure becomes
increasingly irrelevant. Galaxies and clusters recede beyond each other's horizons, unable
to exchange information or energy. Eventually, even gravitationally bound systems will
decay. Black holes evaporate through Hawking radiation, and protons may decay on even

longer timescales, if allowed by particle physics.

These processes define the dissolution of structure, and with it, the erosion of scale.
Without mass-bearing particles or energetic gradients, spacetime loses the markers that
distinguish one region from another. What remains is geometry alone — an arena where

rulers and clocks have no meaning. This is the precondition for conformal neutrality.

The transition to conformal invariance can be understood as a smoothing of the cosmic

fabric. In regions where energy density drops below any observable threshold, the



Einstein tensor Guv and the stress-energy tensor Tuv vanish, as shown by the vacuum

limit of Einstein’s field equations:

G =8nGT,,—»0 or IimoGw =0

Tuw =

As structure decays and energy dissipates, both geometry and content fade into
conformal neutrality.

In the original formulation of CCC, this transition occurs globally, as the entire universe
empties out and is rescaled into the beginning of the next aeon. In CNC, the transition
occurs locally, in countless isolated regions. Each one reaches its conformal boundary

independently, without requiring universal coordination.

This naturally leads to a multiversal architecture, where many Nodes of Time emerge
throughout an ever-expanding universe. Unlike CCC’s sequential progression of aecons,
CNC suggests a branching structure. Each node spawns a new spacetime

independently, unlinked from a common origin.

In this way, CNC resonates with multiverse models that arise from eternal inflation, but
without invoking speculative mechanisms like vacuum tunneling, false vacuum decay,
or quantum fluctuations from nothing. The multiverse, under this model, is not a

stochastic outgrowth — it is a structural outcome of expansion and causal disconnection.

In the silence left behind by the decay of structure, spacetime becomes conformally

neutral, and from that silence, new beginnings may echo forever.

8 Conclusion

We have presented a speculative yet physically motivated extension of Conformal Cyclic
Cosmology (CCC), leveraging the ACDM model’s long-term projection of an expanding
and emptying universe to propose a new form of cosmogenesis. This framework avoids

reliance on singularities, new particles, or quantum tunneling. Instead, it interprets



causally disconnected and thermodynamically neutral regions as valid domains for

conformal rescaling and spontaneous noding.

These Nodes of Time offer a natural, local, and non-singular path to independent
cosmogenesis. Each node forms not by energetic collapse but by causal isolation, scale
irrelevance, and thermodynamic silence. Future theoretical efforts may attempt to
formalize the transition dynamics of such regions or explore observational imprints
encoded in the cosmic microwave background (CMB), horizon structure, residual

curvature, or the structure of large-scale voids.

At the edge of time, where scale dissolves and structure vanishes, geometry may offer the

foundation for a new beginning.

8.1 Observable Limits and the Threshold of Masslessness

This section addresses edge cases related to scale invariance and the definition of a
conformally rescalable region. A Node of Time is defined by its causal closure and
absence of mass-bearing structure. However, a region that contains even a single atom —
while causally isolated — still retains internal structure, thermodynamic comparability,

and mass. From the standpoint of conformal geometry, this breaks scale invariance [1, 5].

In scenarios where expansion has redshifted all photons beyond the causal diameter of
the region, those photons no longer contribute to local structure or energy [3, 4]. Their
wavelengths exceed the region’s observable horizon, rendering them effectively
irrelevant to its internal thermodynamics. This defines the boundary of an “observable
universe” not by distance alone, but by the limit to which information via light can exist

within and influence the region.

The redshift cutoff is given by:

(Causal Limit):
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And energy irrelevance is given by:
(Energy Threshold):

Amax > Dcausal = No energy exchange or IimE=0

A—>

Thus, true scale invariance requires both causal isolation and the complete absence of
thermodynamic comparability [6, 8]. When this condition is satisfied, a region becomes
not only conformally rescalable, but a valid candidate for independent cosmological

noding.

This formulation extends the classical idea of the observable universe by grounding it in a
redshift-dependent causal threshold. In the CNC framework, light’s inability to remain
dynamically relevant — not merely its distance — marks the point at which a region
becomes physically self-contained. This distinction reframes “observability” as a

consequence of expansion-induced disconnection, not just light travel time.

9 Experimental Viability and Observational
Implications

While Conformal Noding Cosmology (CNC) describes processes that unfold over vast
timescales and in causally disconnected regions, its structure suggests subtle, testable
implications in present-day cosmology. Although direct observation of a noding event
may be fundamentally impossible, this section outlines a series of increasingly
speculative avenues by which CNC might be supported, constrained, or explored

through existing or future technology.



9.1 CMB Anomalies as Indirect Traces of Noding Events

If causally isolated regions evolve toward thermodynamic silence and become scale-
invariant, their geometric transitions may leave subtle traces on the surrounding causal
structure. Just as CCC predicts concentric low-variance regions in the CMB due to
previous aeons, CNC permits the possibility of conformal pre-noding domains
influencing photon paths via slight perturbations or anisotropies in spacetime curvature

during their final causal moments.
Some of the predicted observational implications include:

o Low-variance circular regions in the CMB, similar to those described by
Penrose, which might correspond not to aeonic collisions, but to incipiently
noding voids

o Fractal or nested anisotropies in regions where multiple disconnected domains
influence photon geodesics prior to their full disconnection

o Statistical void clustering anomalies when comparing matter distribution to

microwave background temperature fluctuations

Recent studies [1, 7] have identified low-variance circles in Planck CMB data, though
their interpretation remains debated. CNC proposes a distinct mechanism for their
appearance — not past-universe collisions, but incipient conformal detachment of

massless or near-massless domains.

9.2 Gravitational Wave Background Suppression Patterns

In CNC, the formation of a Node is not a high-energy event, it is a thermodynamic and
causal silence. Unlike inflationary models or vacuum tunneling bubbles, a noding region
would emit no gravitational waves, as it undergoes no energetic collapse, rapid curvature

shift, or matter reconfiguration. This unique characteristic raises a testable possibility:

If CNC accurately describes the fate of some causally disconnected regions, the

stochastic gravitational wave background (SGWB) may bear the imprint of their silence.



Specifically, CNC predicts:

e A possible suppression or cutoff in the gravitational wave spectrum
corresponding to the late-time emergence of causally isolated regions

e A flattening or drop in low-frequency gravitational noise, especially in
directions corresponding to deep cosmological voids

e A statistical deviation from predictions made by models that assume homogenous

inflation or vacuum bubble nucleation

This hypothesis is speculative but increasingly testable with upcoming missions such as:

o LISA (Laser Interferometer Space Antenna), sensitive to low-frequency
gravitational waves potentially arising from early universe structure
e Pulsar Timing Arrays (e.g., NANOGrav), which may detect the absence of

expected background events in certain regions of the sky

While silence is difficult to detect, structured absences in the stochastic background,
especially if directionally correlated with large-scale voids, may offer the first indirect

signature of conformal noding.

9.3 Void Thermodynamics and Entropy Asymmetries

The thermodynamic trajectory of a universe dominated by expansion implies that matter
and radiation become increasingly diluted, leading to regions with progressively less
entropy content. CNC identifies a critical limit: when a region becomes causally closed
and thermodynamically irrelevant, it becomes eligible for conformal rescaling. This

prompts a key observational question:



Can we identify the earliest hints of these pre-noding zones by analyzing the entropy

structure of cosmological voids?

Current and near-future cosmological surveys are increasingly capable of characterizing
the temperature, density, and entropy gradients of vast cosmic voids. CNC suggests

that:

e Voids with anomalously low entropy content, unaccounted for by known
baryonic or dark matter evolution models, may reflect regions transitioning
toward causal and thermodynamic silence

e Asymmetries in entropy density across voids of comparable size and age could
indicate variations in their causal maturity, with some being closer to noding than
others

o Entropy gradients uncorrelated with mass gradients may suggest causal

isolation rather than gravitational structure formation

Though these features may also arise from nonlinear structure formation, CNC adds a
novel interpretive layer: that some entropy-sparse voids may not just be evolving slowly,

they may be approaching physical irrelevance and conformal neutrality.

Projects such as DESI (Dark Energy Spectroscopic Instrument), Euclid, and the
Nancy Grace Roman Space Telescope may help refine entropy mapping across large-
scale structure. These maps could be re-analyzed in light of CNC’s predictions to search

for telltale signs of future noding domains.

9.4 Long-Term Predictions: Redshift Cutoffs and Node Genesis
Signatures

At the heart of CNC is the idea that redshift itself defines the boundary of observability
and thermodynamic relevance. As expansion continues, photons emitted within a

region are stretched until their wavelengths exceed the region's causal diameter,



effectively disconnecting them from any local interactions. In this limit, even radiation

becomes irrelevant.
This raises a powerful predictive framework:

If CNC is valid, there exists a finite maximum redshift beyond which no further

information or influence can enter or leave a region — the last observable photon.
CNC therefore predicts that:

e There is a natural redshift cutoff associated with each causally evolving region.
While this cutoff may be unmeasurable in real-time, it offers a conceptual limit to
photon observability and energy contribution.

e As voids expand and age, they asymptotically approach this redshift limit.
Eventually, all photons within such a region are redshifted beyond causal
access, rendering the region a candidate for noding.

o [f future detectors can probe ultra-long-wavelength radiation, there may exist a
threshold where no additional photons are detected from certain sky directions

— not due to occlusion, but due to absolute causal disconnection.

This limit is not imposed by absorption, gravitational collapse, or instrumentation, but by
cosmic expansion itself, drawing a new kind of observational horizon: the redshift-

defined event horizon.

Though direct detection may remain technologically unreachable, these thresholds can be
modeled through simulations of causal structure and expansion-driven redshift behavior.
CNC invites future physicists to calculate the redshift limits of voids across cosmological

time and trace the thermal and radiative histories of regions destined to node.

9.5 Mathematical Modeling Using GR and Conformal
Geometry

Though CNC describes phenomena that unfold over vast spacetime scales, its core

assumptions remain compatible with known physics, particularly within the framework



of General Relativity (GR) and conformal geometry. As a result, one of the most

promising near-term avenues for evaluating CNC lies in mathematical modeling.

In GR, the structure of spacetime is governed by the Einstein field equations:

G =8nGT,,—»0 or Ilim Gy =0

Tuw =0

In the noding limit, where Tuv — OT, the spacetime geometry approaches vacuum
solutions. CNC proposes that such regions are not merely empty, but

thermodynamically neutral, causally sealed, and conformally invariant.
This opens the door to:

o Constructing idealized noding scenarios where localized regions evolve under
GR to satisfy boundary conditions of causal disconnection and vanishing stress-
energy

e Applying conformal compactification techniques to model how such regions
behave under scale transformations, specifically, whether they map to geometries
indistinguishable from early-universe states

e Exploring how null geodesics evolve in regions where matter, radiation, and
structure have lost relevance, to evaluate whether they reproduce conditions

analogous to the Big Bang under rescaling

These investigations may resemble those already used in Penrose's CCC framework, but
CNC requires only local scale invariance, rather than a universe-wide conformal

boundary.

Mathematical tools that can provide fertile ground for testing the internal self-

consistency of CNC are:

o Penrose diagrams of localized null-converging geometries



e Weyl curvature analysis to assess the smoothness of vacuum transitions

e Numerical GR simulations of entropy-diluted, causally isolated domains

Even without new physics, CNC challenges theorists to re-express the late-time universe
as a source of cosmic birth, governed by equations we already possess. In this view,
modeling becomes not only a method of validation, but a way to discover the noding

behavior hidden within General Relativity itself.

10. Theoretical Challenges and Invitations for Further
Inquiry

Although CNC operates within the boundaries of known physics, its core implications
raise several open questions, some of which are active areas of investigation in theoretical
physics, and others that may offer fertile ground for novel exploration. This section
outlines key conceptual and technical challenges while also highlighting opportunities for

deeper inquiry.

Some of the issues described here are not unique to CNC — the operational significance
of vacuum fluctuations in causally sealed domains, the definitional limits of time without
thermodynamic comparability, and the uniqueness of conformal mappings (or lack
thereof) in asymptotically empty spacetimes. However, by reframing them within a
geometry-first cosmological model that allows for local, causally disconnected noding,

CNC offers a new vantage point from which these questions may be approached.

Whether these challenges become barriers or entry points depends on future theoretical
work. This framework invites contributions from general relativity, quantum field theory,
thermodynamics, and conformal geometry alike. While CNC makes no claim to finality,
it opens a path toward reinterpreting cosmic evolution — and possibly cosmogenesis —

through the lens of silence, disconnection, and scale.



10.1 Masslessness and Vacuum Fluctuations

CNC relies on the idea that a region can become functionally massless and
thermodynamically silent. However, the persistence of vacuum fluctuations, such as
those associated with the Casimir effect and quantum field theory, raises questions about

whether any region can ever truly be empty.

While CNC focuses on causal disconnection and irrelevance to local entropy, some might
argue that even fleeting virtual particles imply persistent structure or energy. Resolving
this may require a better understanding of whether vacuum fluctuations have operational

meaning in a causally sealed domain.
10.2 The Meaning of Time without Mass

CNC proposes that once all thermodynamic comparability vanishes, time itself becomes
meaningless, and conformal rescaling is permitted. Yet this presents a deep philosophical
and physical issue: if time ceases to have a definable metric, how can we meaningfully

describe the transition to a new cosmological domain?

Further clarification is needed to distinguish between coordinate time in General

Relativity and the experienced time required for causal dynamics.
10.3 Conformal Mapping Is Not Unique

Even if a region becomes conformally invariant, the choice of conformal mapping may
not be unique. There is no guarantee that the resulting rescaled geometry will resemble a

standard Big Bang spacetime. This opens important questions:

e Under what conditions does a noded region lead to an FLRW-like early universe?

e Could some noded domains remain sterile or fail to initiate new physics?

These questions invite further study of topological constraints, field behavior, and

boundary conditions during the rescaling process.



10.4 Irreversibility and Information Loss

CNC describes a process where all causal influence and thermodynamic history are
erased within a Node. While this aligns with the goals of scale invariance, it also implies
a radical form of information loss, raising tensions with unitarity principles in quantum

mechanics and with holographic theories.

Though CNC does not invoke black holes, the analogy with cosmological causal
boundaries invites comparisons, and perhaps challenges, from quantum gravity and string

theory.
10.5 Observational Permanence of the Model

Because Nodes form from isolation, their emergence is observationally silent. This means
that even if CNC is correct, it may be impossible to verify in real time, leading some to

question its scientific falsifiability.

This limitation does not invalidate the model, but it does position CNC more as a
geometric inevitability derived from expansion than as a directly testable

cosmogenesis scenario.
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