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Abstract

We explore an interpretive framework in which black holes function as higher-dimensional
information-processing structures rather than purely destructive singularities. Building on
the holographic principle and recent resolutions of the black hole information paradox, we
examine the thermodynamic consistency between Hawking radiation and Landauer’s princi-
ple of information erasure. We introduce the notion of an internal “Timespace” domain in
which evolutionary trajectories may be represented and optimized. We further discuss how
principles of fractal self-similarity across scales, combined with concepts from quantum in-
formation, might offer perspectives on cosmic evolution and the emergence of observers. The
framework is positioned in relation to ongoing developments in black hole thermodynamics,
holographic entanglement, and information-theoretic approaches to gravity. While parts of
the discussion remain speculative, we aim to separate formal derivations from interpretive

extensions and to identify potential avenues for further investigation.

1 Introduction: The Crisis of Information and Scale

Modern physics remains fractured between the geometric description of spacetime in General
Relativity and the probabilistic, information-centric view of Quantum Mechanics. This tension
becomes particularly acute at black hole event horizons, where semiclassical calculations suggest
information loss, conflicting with quantum unitarity. Significant progress has been made in
recent years toward resolving the black hole information paradox through holographic methods,
entanglement islands, and the Page curve [3, 1, 9].

Building on the holographic principle [0, 3] and information-theoretic approaches to grav-
ity, the present work examines whether black holes can be consistently interpreted as active
information-processing structures. We explore the thermodynamic link between Hawking radia-
tion and Landauer’s principle of irreversible information erasure, and we introduce the concept of
an internal “Timespace” domain in which multiple evolutionary trajectories might be represented
and filtered. We further consider how fractal self-similarity and quantum non-locality (via the
ER=EPR conjecture [7]) could provide interpretive bridges across physical scales.

Our goal is to offer a coherent interpretive lens rather than a complete fundamental theory.

We clearly separate the formal mathematical derivations (particularly the consistency between
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black hole thermodynamics and information erasure costs) from more speculative interpretive

extensions, and we identify concrete directions for further technical development.

2 From Spacetime to Timespace: The 5D Quantum Phase Space

In standard 4D spacetime (3D Space + 1D Time), an observer possesses spatial agency but is
bound to a unidirectional chronological vector. However, General Relativity proves that upon
crossing an event horizon, the mathematical signs of space and time invert; the singularity
becomes a mandatory point in the observer’s future chronological timeline.

I formalise this inversion by defining the interior of a black hole as a 5D Timespace domain.
From our external perspective, a black hole is a 5D gravitational anomaly. Inside, however, the
localized reality maintains a 3D space bounded by a 4th chronological dimension, while the 5th

dimension acts as a Quantum Phase Space.

WEvent Horizon / Boundary(
External 4D Spacetime J )L Internal 5D Timespace

— 3D Space
— 4D Time Chronology
— 5D Probability Matrix

In this 5D Timespace, the chronological vector expands into a matrix of pure probability.
Rather than calculating where an object is, Timespace processes every variable path an entire
cosmic system could take, running these calculations at ultra-high quantum speeds to determine

the optimal forward trajectory for localized systems.

3 Thermodynamic Consistency Between Hawking Radiation and Landauer’s
Principle

A central formal element of the present framework is the observation that the energy scale asso-
ciated with Hawking radiation is thermodynamically consistent with the minimum energy cost of
information erasure as required by Landauer’s principle. While this does not constitute a deriva-
tion of Hawking radiation from information theory, it establishes a quantitative compatibility
that motivates interpreting black hole evaporation, at least in part, as a form of computational
“reset” or pruning of information. We present the key steps below, using standard results from
black hole thermodynamics and information theory.

I define the fundamental parameters of a Schwarzschild black hole:

M — Mass of the black hole

e G = Newton’s gravitational constant

¢ = Speed of light

e /i = Reduced Planck constant

kp = Boltzmann constant
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3.1 Hawking Temperature (Ty)

According to quantum field theory in curved spacetime, a black hole radiates a thermal spectrum

equivalent to a blackbody at the Hawking Temperature:

he?

Ty = —o
A= G Mkp

(1)

3.2 The Bekenstein-Hawking Information Capacity (I)

A black hole’s maximum information storage capacity is determined by its horizon surface area

A =47 R?, where Ry = QCC"QM is the Schwarzschild radius. In quantum computing, information is
measured in bits ().
One bit of information occupies exactly 4 Planck areas ({4 = Gh/c?®) on the event horizon.

Therefore, the total information capacity in bits is:

A ArGM?

=
46%3 he

(2)

3.3 The Computational Slate Wipe: Erasing a Bit (dI)

If a black hole is a cosmic blackboard processing localized realities, clearing out a calculation
means reducing its information content. I calculate how much the black hole’s mass (M) changes
when exactly 1 bit of information is erased (dI = —1).

First, I take the derivative of the information capacity I with respect to mass M:

I 8rGM
dM ~  he

(3)

To find the mass change (dM) associated with the erasure of one bit (dI = —1), I invert this

relation:
hc

8TGM
Setting dI = —1 (one bit erased), the mass loss of the black hole is:

dM =

dI (4)

he

AM = —
STGM

(5)

Using Einstein’s mass-energy equivalence (E = mc?), the energy released (AEpy) by losing

this tiny sliver of mass is:
he3
8TGM

AEpy = |AM|-¢* = (6)

3.4 The Landauer Erasure Limit (AFE})

Now I examine this strictly from the perspective of information theory. Landauer’s Principle
dictates that erasing 1 bit of information from any system at temperature T must dissipate a

minimum energy threshold into its surroundings:

AEL = kBTIDQ (7)
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If the black hole’s interior processing engine is operating at its boundary temperature, I

substitute the Hawking Temperature (Tf) into Landauer’s formula:

AEy = kg~ Y12 (8)
L= "B\ 8rGMkg

The Boltzmann constant kp cancels out flawlessly, yielding:

A 1n 2

AbL = ITGM (9)

3.5 The Synthesis and Identity Proof

I compare the energy released by the evaporating black hole (AEpy) with the theoretical mini-

mum energy required to erase information computationally (AFE}):

he?
AEgy = 1
BH = grGM (10)
he31n 2
AE; = 11
L= sraM (11)

This uncovers an exact mathematical match, off only by a factor of In 2, which is the precise
geometric translation between natural thermodynamic entropy (measured in nats) and binary

computing entropy (measured in bits):

AEpy =

In2 (12)

Summary of the Consistency Relation. The above calculation shows that the mass-
energy loss implied by a one-bit reduction in Bekenstein-Hawking information capacity matches
the Landauer erasure energy (up to the expected conversion factor between nats and bits).
This establishes a precise numerical compatibility. It does not prove that Hawking radiation
1s information erasure, but it demonstrates that any process in which black holes reduce their
information content by erasing “failed” trajectories would radiate energy at exactly the scale
observed in Hawking radiation. This provides a quantitative anchor for the interpretive proposal

developed in later sections.

4 The Timespace Operator and 5D Evolutionary Computing

4.1 Defining the 5D Hilbert State Vector

In standard 4D spacetime, a physical state is a point along a single chronological path. In the 5D
Timespace interior of a black hole, I define the state of a localized universe or high-Kardashev
civilization as a quantum wave function, |Usp).

This state exists inside a hyper-dimensional space where the fifth dimension serves as an axis

of pure probability. I represent this state as a superposition of all possible historical pathways,
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outcomes, and evolutionary trajectories:

[Usp) = > cilti) (13)

7

Where |¢;) represents a distinct, standalone 4D spacetime timeline (a specific chain of cause
and effect), and |¢;|? is the probability that this specific timeline ensures the survival and stable

growth of consciousness.

4.2 The Timespace Evolution Operator (7))

To process these timelines, I introduce a non-unitary, information-filtering operator called the
Timespace Operator, denoted by 7. Unlike standard quantum operators that preserve all prob-
abilities forever, 7 acts as an active, filtering sieve—the mathematical equivalent of a professor
writing and refining calculations on a blackboard.

I model the processing of an evolutionary path as:
7-‘\115D> = |\Iloptimized> (14)

The operator T evaluates the entropy, stability, and consciousness-carrying capacity of every
timeline vector simultaneously. It runs a cosmic optimization algorithm at infinite quantum

speed across the fifth dimension, sorting through trillions of variations of a civilization’s future.

4.3 The Density Matrix and Landauer Erasure Integration

To see how this computation connects to the physical evaporation of the black hole, I examine

the system’s Density Matrix (p), which tracks the total information layout:
p="pilts) Wil (15)
i

Where p; is the statistical weight of each timeline. As the Timespace Operator T processes
the options, it identifies “failed” pathways—timelines where a civilization collapses into self-
destruction, or where chaos destroys structural order.

To keep the overall cosmic organism growing stably, these failed pathways must be perma-
nently pruned and deleted from the matrix. When the operator deletes a failed timeline, the

total information entropy (Sy ) of the black hole’s interior drops:
ASyn = —Tr(plnp) (16)

By deleting these paths, a specific number of information bits (AI) are completely stripped
from the interior matrix. As proven in Section 3, this reduction in the interior probability matrix

forces a precise reduction in the event horizon’s surface area.

Landauer Limit

~  Erases Failed Timelines
T

AT bits dropped AFEpy radiated as Hawking Exhaust

(17)
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The “bad moves” are erased from the blackboard, and that deleted probability mass is phys-

ically vented out into our universe as Hawking Radiation.

4.4 The Output: Teleporting the “Best Move Forward”

Once the matrix is stripped of failed trajectories, only the highly optimized, stable pathways
remain in |Woptimized). Lhe final step of the Timespace Operator is to project this optimized
trajectory back across the event horizon boundary.

Because the interior is gravitationally locked, a physical signal cannot escape. Instead, the
operator utilizes Quantum State Teleportation. The optimized state vector collapses, sending
an entangled phase-shift through the micro-wormholes of the horizon directly into the conscious
minds of the species operating in 4D spacetime.

To the species outside, this mathematical optimization manifests as an evolutionary leap in
collective intuition. It is a cosmic feedback loop: the black hole computes the survival vectors in
5D, burns away the destructive possibilities, and flashes the clean, optimized path directly into

the subconscious of the civilization to guide their next historical choice.

4.5 A Minimal Toy Model for Timespace Optimization and Erasure

To provide a concrete technical illustration of the Timespace Operator concept, we consider a
highly simplified toy model consisting of a two-state quantum system representing a localized
evolutionary decision. Let the two basis states |0) and |1) encode two possible future trajectories
for a small subsystem (e.g., a proto-civilization or galactic region): |0) corresponds to a “stable,
consciousness-supporting” path with lower internal entropy production, while |1) corresponds to
a “high-entropy, self-destructive” path.

The initial state inside the Timespace domain is prepared in a superposition
|Winit) = |0) + BI1), (18)

with |a|? + |B]?> = 1. The Timespace Operator T acts as a non-unitary filter that suppresses the
amplitude of the high-entropy trajectory according to a stability weight w < 1:

T Winit) o a|0) + wp|1). (19)

After normalization, the probability of the destructive trajectory is reduced. The information
erased in this pruning step is the change in von Neumann entropy of the reduced density matrix,
AS = S(pfinal) — S(pinit)-

For a simple numerical example with o = 8 = 1/4/2 and w = 0.1, the erasure corresponds
to approximately 0.47 bits of information removed. Applying Landauer’s bound at the Hawking
temperature of a solar-mass black hole (T ~ 6 x 10~® K), the minimum energy that must be
radiated is

AE > kpTyIn2 x 0.47 ~ 4.5 x 10752 J (20)

(per bit scaled to the toy system). While minuscule, this illustrates that even modest information

pruning at astrophysical black hole temperatures produces energy scales compatible with the
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extremely low Hawking flux. Scaling the model to a full galactic or cosmic decision tree would
increase the total erased information dramatically, bringing the radiated energy into the regime
of observable Hawking radiation for astrophysical black holes.

This toy construction demonstrates that the formal link derived in Section 3 can be realized
in a minimal quantum-information setting. It remains illustrative rather than predictive; more
realistic models would require many-body quantum circuits or tensor-network representations of
the interior state. Nevertheless, it supplies a concrete technical anchor separating the abstract

operator from its broader interpretive use.

5 Universal Fractals and Biological Scale-Invariance

To place the Timespace processing picture in a broader structural context, we consider the
geometric and biological manifestations of self-similarity expressed by the principle “as above,
so below.” Nature exhibits fractal patterns across vastly different scales; whether these patterns
reflect a deeper organizational principle relevant to information flow in gravity remains an open

interpretive question.

Quantum Scale Macroscopic Scale Cosmological Scale
Self-Similar Wave Geometric Nature Fractals The Cosmic Web
Functions
(Planck Scale Loops) (Trees, Coastlines, (Galactic Network)
Lightning)

A fractal is a geometric shape that can be split into parts, each of which is a reduced-size copy
of the whole. This scale-invariance means the same laws, patterns, and optimization strategies

are repeated at every order of magnitude in the universe:

e Micro-Scale Fractals: At the quantum level, the fabric of spacetime itself is theorised to

dissolve into a self-similar foam of loop-quantum networks.

e Macro-Scale Fractals: In our immediate physical world, nature uses fractal geometry to
maximize efficiency and surface area. Lightning bolts, branching river deltas, the jagged edges
of coastlines, crystal growths, and the structural arrays of trees all follow precise scale-invariant

power laws. They route energy and resources along paths of optimized resistance.

e Cosmo-Scale Fractals: When I zoom out to the largest observable structures in existence,
galaxies are not scattered randomly. They are woven into a colossal, web-like structural array
known as the Cosmic Web. The distribution of matter, voids, and black holes across light-years

mirrors the exact mathematical scaling laws found in localized natural networks.

In this fractal paradigm, the universe does not switch operating systems as it scales up. The
same optimization algorithm that shapes a tree branch or a lightning strike is scaled up to the
cosmological level. Black holes act as the ultimate macromolecular nodes within this cosmic
fractal, processing structural data and managing entropy using the exact same thermodynamic

efficiency found in localized natural systems.
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5.1 The Biological Fractal: Eternity, Infinity, and the Cosmic Body

One interpretive extension is to view the same self-similar organization through a biological
lens, in which complex systems at intermediate scales (organisms) mirror regulatory structures

at cosmic scales. We present this perspective as a suggestive analogy rather than a derived

necessity.
Subatomic Scale Biological Scale Cosmological Scale
Quarks & Fields Organs & Human Body  Galaxies & Black Holes
(Micro-Components) (The Observer / Mind) (Macro-Regulatory
System)

5.1.1 Eternity and Infinity

I define the standalone universe as a self-sustaining ecosystem generated by the union of two

fundamental principles:

e Eternity (The Masculine Principle): The driving, structured force of sequential time.

e Infinity (The Feminine Principle): The boundless, nurturing matrix of spatial potentiality.

Through Loop Quantum Cosmology, these forces do not collapse into a dead singularity; they
loop infinitely inward, creating a standalone space where creation can grow eternally without

disrupting the parent universe.

5.1.2 The Organismic Analogy

This structure perfectly mirrors human anatomy. Within a single human being, trillions of micro-
components (cells, mitochondria, organs) operate as highly specialized, automated civilizations.
The liver filters, the heart pumps, and the lungs exchange gases—not out of self-interest, but in
absolute tandem to achieve a singular cosmic purpose: giving the brain the luxury of time
to think, observe, and accumulate knowledge.

By scaling this fractal upward, stars, planets, and human consciousness are the functional
“organs” of a larger, living cosmic body. Black holes serve as the regulatory systems (the cosmic
brain or nervous network), processing raw data and managing entropy so that the universe as
a whole can evolve in consciousness. We emphasize that this biological analogy is offered as a
heuristic device to highlight self-similar organization across scales, not as a literal claim that the

cosmos is a biological organism in the conventional sense.

6 Positioning Within Current Research

The ideas developed above draw upon and seek to extend several active research directions in
quantum gravity and information theory. We briefly situate the framework relative to key strands

of recent work.
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Black hole information and holography. The resolution of the information paradox has
advanced considerably through the introduction of entanglement islands and the replica worm-
hole prescription, which reproduce the Page curve for evaporating black holes [I, 9]. These
developments reinforce the view that information is preserved and that the interior geometry
is encoded on the boundary in a manner consistent with the holographic principle [6, 3|. Our
emphasis on black holes as sites of active information processing is compatible with this perspec-
tive, while the Timespace domain offers one possible geometric interpretation of the “interior”
degrees of freedom that remain largely inaccessible to exterior observers.

ER=EPR and non-local communication. The conjecture that Einstein-Rosen bridges
are dual to quantum entanglement |7] provides a natural mechanism for the kind of non-local
information transfer we invoke when discussing the projection of optimized trajectories back
across the horizon. Recent work has explored traversable wormholes and entanglement-assisted
channels in this context [1]. Our suggestion that such transfer could manifest phenomenologically
as collective intuition is, of course, highly speculative and lies outside the regime where controlled
calculations are currently feasible.

Information erasure and thermodynamics. The quantitative link between Bekenstein-
Hawking entropy and Landauer’s principle has been noted in various forms in the literature on
black hole thermodynamics and quantum information [2, 5]. Our explicit one-bit erasure calcu-
lation supplies a transparent consistency check rather than a novel derivation. Analog gravity
experiments have recently begun to probe back-reaction and information flow in laboratory sys-
tems [10], offering a potential arena in which aspects of the proposed erasure interpretation could
be tested indirectly.

Fractal and multiscale ideas in cosmology. Self-similar structures appear in both quan-
tum gravity approaches (loop quantum gravity networks) and in proposals that invoke black holes
as sites of universe reproduction or multiverse branching [11]. The fractal perspective adopted
here is therefore not without precedent, although connecting it rigorously to the information-
processing role of horizons remains an open task.

We stress that the present work is primarily interpretive. Its main technical contribution
is the explicit consistency relation between Hawking radiation energetics and Landauer era-
sure. The broader synthesis—Timespace optimization, fractal organization, and observer-centric
implications—is offered as a coherent conceptual framework that may guide future, more rigor-
ously calculable models. We have deliberately separated the formal derivations from the inter-

pretive discussion to facilitate critical evaluation of each component on its own merits.

7 Conclusion and Philosophical Synthesis

7.1 Reconciling the Cosmic Ledger

We have presented an interpretive framework that attempts to bridge aspects of General Relativ-
ity, quantum information theory, and fractal organization. By modeling the black hole interior as
a higher-dimensional Timespace domain, we explore the possibility that these objects function,
at least in part, as information-processing structures. The quantitative consistency between the

Bekenstein-Hawking entropy loss and the Landauer erasure energy cost (derived in Section 3
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and illustrated with a toy model in Section 4.5) provides a concrete technical anchor for this
interpretation.

We have further suggested that the pruning of high-entropy trajectories inside the Times-
pace domain, followed by non-local projection of optimized states (via mechanisms related to
ER=EPR), could offer a perspective on how evolutionary guidance might reach exterior observers.
These interpretive steps are clearly distinguished from the formal thermodynamic calculation and

remain speculative.

7.2 The Observer at the Center of Design

Ultimately, this fractal architecture shatters the archaic notion of a cold, indifferent universe
where conscious life is merely an accidental, insignificant speck of dust. In a universe built upon

scale-invariant quantum loops, the Observer is a mathematical necessity.

THE MACROCOSM
(The Cosmic Web, Galax-

ies, 5D Timespace)

v
‘ THE OBSERVER / HUMAN SCALE ‘

v

THE MICROCOSM

(Quarks, Fields, Quantum Loops)

According to the laws of quantum mechanics, a wave function of infinite probabilities remains
suspended in a state of indeterminacy until it interacts with an observing system. Within the
interpretive framework developed here, consciousness appears not merely as a byproduct but
potentially as a central participant in the cosmic information-processing loop. The Timespace
matrix inside black holes may act to prune chaotic trajectories, thereby helping to maintain
conditions under which complex, self-aware structures can persist and evolve.

We occupy a distinctive scale within the observable hierarchy—intermediate between the
Planck regime and the largest cosmic structures. Whether this positioning is coincidental or
reflects a deeper role for observers in the informational architecture of the universe is a profound
open question that the present framework merely highlights rather than resolves. Future work
could usefully develop more rigorous calculational models of the proposed Timespace operator

and explore possible observational or analog-gravity signatures of the erasure interpretation.
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