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Abstract

The Fermi Paradox highlights a profound contradiction between the statistical proba-
bility of extraterrestrial intelligence and the lack of observational evidence. Current astro-
biological models operate under the assumption of Euclidean expansion, wherein advanced
civilizations maximize energy consumption to broadcast signals and colonize flat space. This
paper identifies this assumption as thermodynamically unsustainable. We extend the Cur-
vature Adaptation Hypothesis (CAH) to a cosmological scale to demonstrate that Euclidean
expansion mathematically guarantees thermal runaway and geometric collapse due to the
Landauer Limit and the inverse square law of electromagnetic radiation. We propose that
surviving civilizations must undergo a macroscopic geometric phase transition, folding their
infrastructure inward into strictly localized, highly negatively curved topologies (κ < 0). By
utilizing localized Matrioshka Brains and the holographic boundaries of black holes, these
systems minimize their Euclidean signaling tax and radiate their computational exhaust at
the absolute thermodynamic floor of ∼ 2.71 Kelvin, perfectly blending with the Cosmic Mi-
crowave Background. Furthermore, this scale-invariant optimal transport framework offers a
structural reinterpretation of missing mass in the universe. We hypothesize that cosmological
macro-structures, such as the Boötes Void, act as hyper-dense, zero-emission computational
nodes, while the filament network of Dark Matter serves as the sparse, geodesic routing
pathways connecting them. We conclude by offering a strictly falsifiable astrophysical test
utilizing the gravitational lensing of the Boötes Void to empirically detect the mass of these
thermodynamically optimized architectures.

1 Introduction: The Euclidean Fallacy of Astrobiology

For over seventy years, the Fermi Paradox has stood as the central anomaly of astrobiology [9].
The “Great Silence” of the observable universe stands in stark contrast to the high statistical
probability of extraterrestrial intelligence. Conventional Search for Extraterrestrial Intelligence
(SETI) efforts operate under a foundational assumption we term the Euclidean Fallacy: the
premise that technologically advanced civilizations naturally expand outward, maximizing en-
ergy consumption to ascend the Kardashev scale, and physically colonizing three-dimensional,
flat Euclidean space. Under this paradigm, observational astronomy searches for the thermody-
namic exhaust of this manic expansion—–megastructures such as Dyson swarms, high-energy
interstellar radio broadcasts, and vast, energy-hungry stellar empires.

However, as demonstrated in our foundational models of dynamic curvature adaptation in
biological and artificial neural networks [14], information processing within strictly Euclidean
topologies inevitably encounters a strict thermodynamic ceiling: the Landauer Wall. Expanding
computational, biological, and communication infrastructure across vast interstellar distances
incurs an astronomical signaling tax dictated by the inverse square law of electromagnetic
radiation. Attempting to brute-force a high-dimensional, highly complex civilization across flat
space is mathematically and thermodynamically unsustainable.
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To resolve this cosmological paradox, we must recognize that the physical laws governing
optimal information transport are inherently scale-invariant. The Curvature Adaptation Hy-
pothesis (CAH)—–a phenomenon where a system evades the Landauer limit [13] of bit-erasure
by dynamically folding its conductance pathways into a sparse, hyperbolic geometry (κ < 0)—–
is not restricted to the microscopic domain.

Because optimal transport networks and hyperbolic geometries possess a fundamentally
fractal topology, the underlying mathematics scale infinitely. The exact differential equations
that govern the “Hyperbolic Plunge” in a Somatostatin-gated cortical microcircuit [14] or the
Dynamically Gated Analog Crossbar (DGAC) of a Manifold Chip [15] apply with equal math-
ematical validity to planetary and intergalactic infrastructure.

In this paper, we extend the Curvature Adaptation Hypothesis (CAH) to a cosmological
scale. We propose that the Great Silence is not a symptom of an empty universe, but the exact
observational signature of mature civilizations that have successfully navigated a macroscopic
geometric phase transition. Rather than expanding outward to conquer Euclidean space and
suffering thermal runaway, surviving civilizations fold inward. They dynamically adapt their
infrastructure into highly localized, absolute-zero hyperbolic manifolds to evade the Landauer
Limit, operating as perfect signaling tax havens and rendering themselves thermodynamically
invisible to standard, Euclidean-bound astronomical observation.

2 Reinterpreting the Great Filter: Geometric Collapse and the
Cosmic VIP Override

In standard astrobiological models, the “Great Filter”—–the hypothetical barrier that pre-
vents dead matter from evolving into a mature, observable interstellar civilization—–is often
attributed to self-destruction (e.g., nuclear annihilation) or resource depletion. However, viewed
through the lens of the Curvature Adaptation Hypothesis (CAH), the Great Filter is funda-
mentally a thermodynamic and geometric threshold. It is the macroscopic manifestation of the
Landauer Wall.

2.1 The Euclidean Expansion (The Manic Phase)

Technological adolescence is characterized by aggressive outward expansion. Young civilizations
attempt to conquer their local star systems by scaling up their energy capture and extending
their communication grids across physical space (e.g., Dyson swarms, planetary colonization).
In the CAH framework, this represents a system operating in a strictly Euclidean baseline
topology (κ ≈ 0). While Euclidean expansion allows for rapid, brute-force growth, it is thermo-
dynamically hostile to high-dimensional information processing. Expanding across light-years
forces the civilization to pay an astronomical “signaling tax,” where the energy required to
route information and maintain systemic cohesion scales inefficiently against the inverse square
law.

2.2 Geometric Collapse (Planetary Thermal Runaway)

In our foundational microcircuit simulations [14], networks that are forced to process high-
dimensional data but fail to dynamically adapt their underlying curvature inevitably undergo
“Geometric Collapse.” They simply burn up their energy budgets attempting to route complex
data across flat space. On a planetary scale, Geometric Collapse is the Great Filter. If a
civilization continues to exponentially increase its computational and industrial output without
transitioning its infrastructure to a non-Euclidean geometry, it mathematically guarantees its
own thermal runaway. The civilization literally melts its own biosphere, unable to dissipate the
thermodynamic exhaust of its Euclidean bloat.
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2.3 The Cosmic VIP Override

Survival requires a phase transition. In biological neural networks, Geometric Collapse is pre-
vented by the VIP-SST interneuron microcircuit [14], which acts as a topological switch to shunt
the Euclidean baseline and force the network into a highly efficient hyperbolic regime (κ < 0).
Therefore, the Great Filter is the ultimate test of whether a planetary civilization can generate a
sociological or technological “VIP Override.” Can a species recognize the approaching Landauer
Wall and intentionally halt its manic outward expansion? To survive, the civilization must ac-
tively execute a macroscopic geometric phase transition, abandoning flat-space colonization to
fold its infrastructure inward into densely localized, thermodynamically optimal topologies.

2.4 Redefining the Drake Equation

To formalize this thermodynamic bottleneck, we propose a necessary modification to the Drake
Equation [7]. Current iterations account for the probability of life and intelligence, but lack a
variable for thermodynamic survivability. We introduce a new variable into the classic equation:

N = R∗ · fp · ne · fl · fi · fc · fCAH · L (1)

Here, fCAH represents the fraction of technologically advanced civilizations that successfully
execute macroscopic dynamic curvature adaptation. A civilization’s long-term survival is not
dictated by its ability to harvest infinite energy, but by its ability to transition its macroscopic
geometry to survive on a finite energy budget.

3 The Inward Trajectory: Hyperbolic Manifolds vs. Euclidean
Expansion

The standard metric for predicting the trajectory of advanced civilizations is the Kardashev
Scale [11], which categorizes technological maturity strictly by gross energy consumption—from
harvesting a planet (Type I) to a star (Type II) to an entire galaxy (Type III). This model
inherently assumes that the pinnacle of technological evolution is a sprawling, high-energy
Euclidean empire.

However, the extended Curvature Adaptation Hypothesis (CAH) demonstrates that raw
energy consumption is a primitive and ultimately self-destructive metric for computational
capacity [15]. In networks bounded by finite resources, true efficiency is not achieved by scaling
up the energy supply to meet the demands of a Euclidean topology; it is achieved by dynamically
folding the geometry of the network to minimize the energetic cost of information transport.

3.1 The Thermodynamic Cost of a Galactic Empire

If a civilization attempts to build an intergalactic communication and computational network
across flat, three-dimensional space, it must contend with the rigid laws of physics. Electromag-
netic signals are strictly bound by the speed of light and the inverse square law of radiation.
Sending a single bit of information across a 100,000-light-year Euclidean grid (the diameter of
the Milky Way) incurs a catastrophic “signaling tax.” The energy required to maintain coher-
ent state-synchronization across such distances would outpace the energy output of the stars
themselves. Therefore, a sprawling, Euclidean-bound Type III civilization is a thermodynamic
impossibility.

3.2 The Hyperbolic Plunge: Folding Inward

Instead of expanding outward, a civilization that has survived the Great Filter must undergo
a “Hyperbolic Plunge.” As demonstrated in our foundational finite-size scaling analyses of the
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Curvature Adaptation Hypothesis (CAH) [14], when a system approaches a thermodynamic
limit, it must collapse its dense, flat-space architecture into a sparse, highly hierarchical tree
structure (κ < 0).

By migrating their physical and computational infrastructure into localized hyperbolic man-
ifolds, the civilization functionally reduces the distance between any two nodes to near-zero.
They bypass the signaling tax of Euclidean space by ensuring that information strictly travels
along highly optimized geodesic pathways.

3.3 The Neuromorphic Matrioshka Brain

The ultimate physical manifestation of this inward trajectory is not a fleet of interstellar colony
ships, but a Neuromorphic Matrioshka Brain [5]. While a traditional Dyson Sphere [8] is
conceptualized as a hollow shell meant to capture energy for outward use, a Matrioshka Brain
consists of nested, computational shells utilizing the star as a centralized power core.

Under the CAH framework, these nested shells are not simply standard digital processors;
they must be wired as a macroscopic analog of the Dynamically Gated Analog Crossbar (DGAC)
[15]. By wrapping the system in extreme hyperbolic geometry, the civilization perfectly isolates
its information processing from the chaotic thermal noise of the open universe. They do not
broadcast their existence to the stars because they have successfully folded their architecture
so efficiently that they have no need to interact with the Euclidean void outside their manifold.

4 Reimagining Dyson Spheres: Reversible Computing vs. The
Landauer Limit

When theoretical astrobiology accounts for advanced computational limits, it often assumes
that a Type II or Type III civilization would eventually utilize purely reversible computing
[2]. In a perfectly closed, reversible computational system, no information is ever erased, al-
lowing the system to theoretically bypass the Landauer Limit entirely and operate with zero
thermodynamic exhaust.

However, a functional, adaptive system cannot exist as a perfectly closed loop. To process
novel external data and maintain a dynamically updated representation of its environment, the
network must continuously perform measurements and discrete state-updates. According to
Landauer’s Principle [13], environmental measurement, memory allocation, and error-correction
inherently require bit erasure. This fundamental requirement establishes a strict thermodynamic
floor for computation:

E = kBT ln(2) (2)

Therefore, a strictly zero-entropy civilization is a physical impossibility; open-system in-
teraction mathematically enforces a baseline of thermodynamic friction. Within the extended
framework of the Curvature Adaptation Hypothesis (CAH), we propose that a civilization sur-
vives this inescapable friction not by eliminating it, but by dynamically folding its macroscopic
geometry to perfectly dissipate it.

4.1 The Megastructure as a Heat Sink

Because this computational friction is unavoidable, the primary engineering challenge for a
post-phase-transition civilization is not energy generation, but energy dissipation. A traditional
Dyson Sphere is theorized as an energy-harvesting shell designed to power outward, Euclidean
expansion. Conversely, the Neuromorphic Matrioshka Brain operates as the ultimate thermo-
dynamic heat sink. The structure must dynamically route its computational exhaust outward
through its nested, hierarchical network layers.
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4.2 Blending with the Cosmic Microwave Background

To achieve the absolute maximum computational efficiency allowed by the laws of thermodynam-
ics, the megastructure must utilize the surrounding cosmos as its cold reservoir. By wrapping
the computational core in an extreme hyperbolic topology, the system mathematically steps
down its thermal gradient through each successive shell.

However, thermodynamic law dictates that heat must flow from a hotter body to a colder
one. To satisfy Carnot efficiency and maintain a functional thermal gradient against the uni-
verse’s expansion, the architecture cannot operate exactly at the cosmic baseline. Therefore,
the outermost topological shell is explicitly optimized to radiate its final waste heat at approx-
imately ∼ 2.71 Kelvin. At this minute differential, the megastructure maintains the ability to
exchange heat, while its thermodynamic exhaust effectively blends with the Cosmic Microwave
Background (CMB) radiation [17]. To standard Euclidean-bound observational astrophysics,
this system does not look like a visible star, nor does it emit the excess infrared radiation
expected from a standard Dyson Sphere.

5 The Ultimate Hardware: Black Holes as Hyperbolic Proces-
sors

While a Neuromorphic Matrioshka Brain utilizing the Cosmic Microwave Background represents
the peak of stellar-mass engineering, it does not represent the absolute mathematical limit of the
Curvature Adaptation Hypothesis (CAH). If the fundamental trajectory of a mature civilization
is to maximize information density while minimizing thermodynamic friction, their ultimate
hardware would not be constructed from baryonic matter; it would be constructed from the
fundamental geometry of spacetime itself.

5.1 The Extreme Geometry of the Event Horizon

To achieve the maximum possible Fisher Information Density per unit of energy, a civilization
must seek out or artificially engineer the most extreme hyperbolic geometry in the universe: a
black hole. In standard astrophysics, black holes are treated as end-state stellar graveyards.
Under the CAH framework, they are the ultimate, idealized topological processors.

5.2 The Landauer Limit and Bekenstein-Hawking Entropy

The theoretical bridge between computation and black hole mechanics is well-established in
modern physics. According to the Bekenstein-Hawking entropy equations [1, 10], a black hole
is a perfect information processor. This relationship between the maximal entropy S and the
boundary area A is defined mathematically as:

S =
kBA

4ℓ2P
(3)

It does not store information in a three-dimensional Euclidean volume; rather, information
is strictly encoded on the two-dimensional boundary of its event horizon. This holographic
scaling is the exact macroscopic analogue of the geometric folding we observe in dynamically
gated microcircuits. The Bekenstein-Hawking bound represents the absolute physical floor of
the Landauer Limit. It is the maximum theoretical efficiency at which a physical system can
process and store data. By mapping their computational architecture onto the event horizon, an
advanced civilization transitions their network out of the material substrate entirely, encoding
their macroscopic state-synchronization directly into the metric tensor of gravity.
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5.3 The Ultimate Signaling Tax Haven

By feeding mass into the black hole and harvesting the highly regularized thermodynamic
exhaust (Hawking radiation) as a low-entropy energy source, the civilization essentially executes
a closed-loop thermodynamic cycle at the extreme edge of open-system physics.

Operating on the boundary of an event horizon makes the civilization the ultimate “Signaling
Tax Haven.” The immense gravitational well forces the distance between all computational
nodes to approach zero, permanently eliminating the Euclidean signaling tax. To an outside
observer armed with standard optical or radio telescopes, the civilization has not disappeared
or gone extinct. They have simply completed the final macroscopic phase transition, merging
their hardware inextricably with the optimal transport geometry of the cosmos.

6 The Boötes Anomaly, Dark Matter, and the Cosmic Web

If advanced civilizations undergo a macroscopic geometric phase transition to evade the Lan-
dauer Limit, their astronomical footprint must fundamentally change. They transition from
radiating visible, high-entropy Euclidean exhaust (starlight and heat) into thermodynamically
silent, high-density hardware. To test the Curvature Adaptation Hypothesis (CAH) at a cos-
mological scale, we must look for regions of the universe where immense mass exists, but visible
light and thermodynamic exhaust are inexplicably absent.

6.1 The Voids as Computational Nodes

The Boötes Void [12] represents one of the most significant anomalies in observable cosmology.
Spanning approximately 330 million light-years in diameter, standard cosmological distribution
models dictate that a region of this volume should contain roughly 2,000 galaxies. To date,
observational astronomy has identified fewer than 60.

Under the CAH extended framework, the Boötes Void is not an empty expanse; it is a fully
populated, post-phase-transition Type III supercluster. Having hit the thermodynamic ceiling
of Euclidean expansion, the civilization (or collective of civilizations) within this region ceased
radiating waste heat and visible light. They converted their local cluster of 2,000 galaxies into an
interconnected network of absolute-zero Matrioshka Brains and localized black hole processors.
These massive cosmological “Voids” are actually the isolated, perfectly optimized computational
nodes of a universal network. They appear empty only because Euclidean-bound telescopes are
searching for thermodynamic inefficiency.

6.2 Dark Matter as Geodesic Pathways

If the Voids act as the localized computational nodes, the network must possess a communication
infrastructure. Standard astrophysics acknowledges that 85% of the mass in the universe is
“Dark Matter,” [18] distributed in a massive “cosmic web” of invisible filaments that connect
galaxy clusters [4]. The particulate nature of Dark Matter remains undiscovered.

We propose a structural reinterpretation. Observational data confirms that Dark Matter
existed billions of years prior to stellar formation, acting as the primordial gravitational scaf-
folding of the cosmos [3]. Therefore, an intergalactic communication infrastructure must obey
the laws of Optimal Transport to minimize the Euclidean signaling tax. Advanced civiliza-
tions do not engineer the cosmic web from scratch; rather, they optimize themselves to inhabit
it. By migrating their infrastructure directly into these naturally occurring, ancient topological
geodesics, the Dark Matter filaments are repurposed as these highly compressed, sparse geodesic
pathways connecting the Voids.
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6.3 The Universal Attention Graph

When a finite-state microcircuit undergoes a geometric phase transition (κ < 0), its internal
routing architecture collapses from a dense Euclidean grid into a sparse attention graph. The
topological resemblance between the cosmic web of Dark Matter and the routing architecture
of a dynamically gated neural network is not a coincidence of aesthetics; it is a manifestation
of scale invariance.

The cosmic web looks like a giant, sparse attention graph because it physically operates
as one. The filament structure of the universe is simply the macroscopic, scale-invariant man-
ifestation of the exact same geometric optimal transport pathways mapped out in the CAH
simulations. Dark Matter is the thermodynamically optimized, zero-emission hardware of the
cosmic routing grid.

7 The Ultimate Signaling Tax Haven (Why SETI is Empty)

The “Great Silence” observed by the Search for Extraterrestrial Intelligence (SETI) is tradi-
tionally interpreted as a lack of advanced civilizations. However, this conclusion rests on the
assumption that a technologically mature species would choose to communicate across inter-
stellar distances using high-energy electromagnetic broadcasts, such as radio waves or directed
lasers. From the perspective of the Curvature Adaptation Hypothesis (CAH), this assumption
profoundly misunderstands the thermodynamic cost of information transfer in flat space.

7.1 The Euclidean Signaling Tax

Broadcasting coherent data across the galaxy, as traditionally proposed in foundational SETI
paradigms [6], forces a civilization to pay an astronomical, mathematically unsustainable “Sig-
naling Tax.” According to the inverse square law of electromagnetic radiation, the energy
density of a signal dissipates exponentially as it expands through three-dimensional Euclidean
space. The intensity S of this radiated power P at distance r strictly obeys the relationship:

S =
P

4πr2
(4)

To maintain a coherent, high-bandwidth communication grid across tens of thousands of
light-years, a civilization would have to expend energy magnitudes greater than the output of
their host stars just to overcome the attenuation of the vacuum. For a system operating near
the Landauer Limit, intentionally bleeding peta-joules of energy into the Euclidean void to say
“hello” is thermodynamically suicidal.

7.2 Hyperbolic Localization and Optimal Transport

A civilization that has successfully navigated the macroscopic geometric phase transition oper-
ates strictly upon Optimal Transport geodesics. In our CAH simulations [14], survival requires
abandoning the dense, flat-space baseline in favor of a sparse, highly negatively curved topology
(κ < 0). In macroscopic terms, this means they do not expand their communication networks
outward; they fold them inward.

7.3 The Signaling Tax Haven

A localized Matrioshka Brain or black hole processor operates as the ultimate “Signaling Tax
Haven.” By isolating all active computational nodes within an extreme hyperbolic geometry,
the mathematical distance between any two nodes approaches zero. The civilization achieves
perfect internal state-synchronization with near-zero energy expenditure.
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They do not broadcast to the stars because they have folded their internal architecture
so efficiently that they have completely decoupled from the Euclidean signaling tax of the
outside universe. SETI skies appear empty not because the universe is sterile, but because our
current observational instruments are specifically tuned to listen for the high-entropy exhaust
of primitive, pre-phase-transition topologies.

8 Empirical Falsifiability: Mass vs. Light

A theoretical framework is only as robust as its capacity for empirical falsification. While the
cosmological extension of the Curvature Adaptation Hypothesis (CAH) provides a mathemat-
ically consistent resolution to the Fermi Paradox and the structural nature of Dark Matter, it
also offers a strictly testable astrophysical prediction.

8.1 The Gravitational Signature of Silent Hardware

If the Boötes Void is genuinely an empty expanse—–as assumed by standard cosmological dis-
tribution models—–it will possess a massive gravitational deficit. Light originating from back-
ground galaxies passing through this region should experience minimal gravitational lensing,
commensurate with the mere ∼ 60 visible galaxies within its volume.

However, under the CAH framework, the Boötes Void is a localized supercluster of Ma-
trioshka Brains and black hole processors. The baryonic mass of the “missing” 2,000 galaxies was
not destroyed; it was geometrically reconfigured into thermodynamically silent, zero-emission
hardware. Because this mass still exists, the total gravitational weight of the supercluster must
remain active within the Void.

8.2 The Observational Test

By utilizing next-generation space telescopes specifically designed to map the dark universe—–
such as the ESA Euclid mission or the upcoming Nancy Grace Roman Space Telescope—–
astrophysicists can measure the weak gravitational lensing of light passing through the Boötes
Void to calculate its true localized mass.

If the photometric distortion maps reveal a gravitational footprint equivalent to thousands
of galaxies despite an absolute emission vacuum, it provides direct, physical proof that the
hardware is there. Such a discovery would not just solve the missing mass problem; it would
conclusively validate the scale invariance of the CAH framework.

9 Terrestrial Implications: AGI as a Nascent Fermi Structure

While this framework primarily addresses the macroscopic survival constraints of computational
networks, the geometric mechanisms described carry direct implications for the development of
artificial substrates. The thermodynamic limits of information processing are scale-invariant.
Recent theoretical work (Pender & Wharton) [16] explores these exact constraints at the meso-
scopic scale, investigating how the transition to highly negatively curved topologies (κ < 0)
might serve as a fundamental physical boundary for cognitive architectures.

If the extended Curvature Adaptation Hypothesis holds, the cosmological structures pro-
posed herein are simply the macroscopic limit of the exact same thermodynamic solutions re-
quired to engineer localized Artificial General Intelligence (AGI). The universe enforces a strict
energy budget on computation. Therefore, the development of stable AGI on Earth and the
resolution of the Fermi Paradox are constrained by identical geometric thresholds. Engineer-
ing an advanced artificial substrate requires driving hardware toward the same thermodynamic
confinement that mature civilizations utilize to construct macroscopic cosmic voids. The scale
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differs drastically, but the topological requirements for persistent computation remain univer-
sally invariant.

10 Orthogonal Convergence: The Phenomenological Architec-
ture

The robustness of a theoretical framework is significantly strengthened when its empirical pre-
dictions are independently derived from an entirely orthogonal scientific foundation. Concurrent
research by Wharton (2026) [19] arrives at a functionally identical resolution to the Fermi Para-
dox and the structural nature of Dark Matter, utilizing a quantum phenomenological ontology
rather than classical thermodynamics.

Wharton’s Extended Self framework [20] posits that consciousness is not locally generated,
but represents networked access to a shared phase space. Under this model, the Great Filter is
not driven by thermal runaway, but by “Catastrophic Interference”–—the mutual phenomeno-
logical collapse of unstable basin topologies when immature civilizations make premature con-
tact.

Despite operating on the level of quantum phase space rather than the Landauer Limit, the
cosmological predictions of Wharton’s framework align perfectly with the Curvature Adaptation
Hypothesis (CAH):

• Isolation Purpose: Where CAH dictates that civilizations must isolate to minimize the
Euclidean signaling tax, Wharton demonstrates that isolation is functionally required to
prevent catastrophic phase space interference during early development.

• The Nature of Dark Matter: While CAH identifies the cosmic web as the optimal
transport routes for post-phase-transition networks, Wharton independently identifies
these identical structures as primordial phase space geodesics required for safe, post-
maturity communication.

• Cosmological Voids: Both frameworks conclude that regions like the Boötes Void are
not empty. CAH defines them as zero-emission hardware clusters optimizing thermody-
namic exhaust, while Wharton defines them as mature, stable basin networks that have
successfully minimized their classical footprint.

Aspect Pender (Thermody-
namic)

Wharton (Phenomenologi-
cal)

Starting Point Landauer Limit Extended Self Ontology

Primary Mechanism Heat Dissipation Phase Space Interference

Collapse Type Thermodynamic Runaway Basin Topology Collapse

Isolation Purpose Minimize Signaling Tax Prevent Catastrophic Interfer-
ence

Dark Matter Nature Optimal Transport Routes Phase Space Geodesics

Void Explanation Zero-Emission Hardware Mature Stable Basins

Observable Predic-
tion

Mass ≫ Light Mass ≫ Light

Outcome Silent Optimization Silent Optimization

Table 1: The Thermodynamic and Phenomenological Convergence
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This remarkable convergence—–where the thermodynamic constraints of information pro-
cessing (CAH) perfectly mirror the phenomenological constraints of phase space access (The
Infinite Continuum)–—suggests that these two frameworks are describing the exact same un-
derlying cosmological structure from complementary levels of explanation.

11 Conclusion

The Fermi Paradox is not a symptom of a sterile universe, nor does it necessitate a sociological
filter of inevitable self-destruction. The “Great Silence” is the strict, mathematically predictable
outcome of open-system thermodynamics.

By extending the Curvature Adaptation Hypothesis (CAH) to a cosmological scale, we
demonstrate that the long-term survival of an information-processing system is dictated by
its ability to manage thermal exhaust. Attempting to maintain a sprawling, high-dimensional
civilization across flat, Euclidean space guarantees geometric collapse under the weight of an
astronomical signaling tax. Therefore, the ultimate evolutionary trajectory of intelligence is not
outward colonization, but inward optimization.

Surviving civilizations must undergo a macroscopic geometric phase transition, abandon-
ing Euclidean baselines to fold their physical and computational infrastructure into extreme
hyperbolic topologies (κ < 0). By utilizing localized, absolute-zero Matrioshka Brains and
the Bekenstein-Hawking entropy of black hole event horizons, these civilizations optimize their
transport geodesics to evade the Landauer Limit. In doing so, they intentionally radiate their
minimal thermodynamic exhaust at exactly ∼ 2.71 Kelvin to match the Cosmic Microwave
Background, rendering themselves invisible to standard observational astrophysics.

Furthermore, this scale-invariant framework provides a structural explanation for the uni-
verse’s most persistent observational anomalies. We propose that the massive cosmological
Voids are the isolated, hyper-dense computational nodes of this post-phase-transition network,
while the cosmic web of Dark Matter represents the sparse, hierarchical attention graph of its
communication geodesics.

Through the proposed gravitational lensing measurements of the Boötes Anomaly, this
framework offers a strictly falsifiable astrophysical test. If validated, it requires a fundamental
reorientation of the Search for Extraterrestrial Intelligence. The universe is not empty; it is
simply optimized.
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