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The Theoretical Impasse: Singularities, Information, 
and the Quest for Quantum Gravity 
 
Modern physics rests upon two monumental pillars: Albert Einstein's General Theory of 
Relativity (GR), which describes gravity and the cosmos at large scales, and Quantum 
Mechanics, which governs the universe at the subatomic level. For nearly a century, these 
theories have been spectacularly successful within their respective domains. Yet, at their 
intersection lie profound paradoxes that signal a deep crisis in our understanding of reality. 
The interiors of black holes and the very beginning of the universe represent extreme arenas 
where both gravity and quantum effects are paramount. In these domains, our current 
theories fail, predicting their own demise and pointing toward the necessity of a more 
fundamental theory of quantum gravity. The manuscript "Quantum Fractal Spacetime: 
Trabecular Black Hole Cores Supporting a Hierarchical Fractal Multiverse" by Michael D. Doyle 
proposes a novel framework intended to resolve these foundational conflicts by postulating a 
radical new geometry for spacetime itself.1 To appreciate the ambition of this proposal, it is 
essential first to understand the problems it seeks to solve. 
 
The Problem of the Singularity in General Relativity 

 
General relativity describes gravity not as a force, but as the curvature of a four-dimensional 
fabric called spacetime, which is warped by the presence of mass and energy.2 A profound 
and troubling prediction of GR is the existence of "singularities"—regions where the theory's 
equations break down. According to GR, a singularity exists at the center of every black hole 
and at the origin of our universe in the Big Bang model.3 At these points, the density of matter 
and the curvature of spacetime become infinite, and the known laws of physics cease to hold 
any meaning.5 

 

Initially, some physicists hoped that singularities were merely mathematical artifacts of 
oversimplified models, such as those assuming perfect spherical symmetry, which would 
never occur in the real, messy universe.2 However, the groundbreaking singularity theorems 



developed by Roger Penrose in the 1960s demonstrated that singularities are a generic and 
unavoidable consequence of gravitational collapse under realistic conditions.2 This 
established the singularity not as a fluke, but as a fundamental crisis for general relativity, a 
strong indication that the theory is incomplete.3 

 

A singularity in GR is not merely a point of extreme density in spacetime; it represents a 
breakdown of spacetime itself. It is a boundary or edge to the spacetime manifold where 
predictability is lost. The paths of freely-falling particles, known as geodesics, simply end, 
meaning their future cannot be determined beyond a finite time.4 This represents a 
catastrophic failure of determinism, one of the core tenets of classical physics.6 The cosmic 
censorship hypothesis suggests that such singularities are always cloaked behind an event 
horizon, preventing them from being observed by the outside universe, but this does not solve 
the underlying theoretical problem of what happens inside.4 

 

The Black Hole Information Paradox: A Clash of Titans 

 
The second major impasse arises from the direct conflict between general relativity and 
quantum mechanics: the black hole information paradox.6 At its core, the paradox stems from 
a violation of one of quantum mechanics' most fundamental principles—unitarity. Unitarity 
dictates that information in a closed quantum system can never be truly created or destroyed. 
The evolution of a quantum state is, in principle, reversible; complete knowledge of the final 
state of a system allows for the perfect reconstruction of its initial state.6 

 

This principle was thrown into jeopardy by Stephen Hawking's discovery in 1974 that black 
holes are not entirely black. Due to quantum effects near the event horizon, black holes slowly 
radiate energy and evaporate over immense timescales.4 Hawking's calculation predicted that 
this "Hawking radiation" is thermal, meaning it is almost perfectly random and its properties 
depend only on the black hole's macroscopic characteristics—its mass, charge, and angular 
momentum—a consequence of the "no-hair theorem".7 The radiation carries no detailed 
information about the specific matter that collapsed to form the black hole. 
 
The paradox emerges when one considers the black hole's entire life cycle. Matter in a 
specific, information-rich pure quantum state collapses to form a black hole. The black hole 
then slowly evaporates, emitting featureless thermal radiation. Once the evaporation is 
complete, the original information appears to have vanished from the universe, transforming a 
pure state into a mixed (random) state. This constitutes a fundamental loss of information, a 
direct violation of unitarity.6 

 

A key diagnostic for this problem is the "Page curve," named after physicist Don Page. He 
argued that for information to be conserved, the entanglement entropy of the Hawking 



radiation (a measure of its quantum correlation with the black hole interior) must first increase 
as the black hole radiates, but then, after the "Page time" (roughly halfway through the 
evaporation), it must decrease, returning to zero when the black hole is gone. Hawking's 
original calculation, however, showed the entropy increasing monotonically until the very end, 
confirming the information loss problem.6 Recent theoretical breakthroughs, particularly 
involving concepts like "replica wormholes" and "islands," have shown how the Page curve 
can be recovered, suggesting that information does escape, possibly through previously 
unaccounted-for spacetime structures connecting the black hole interior to the exterior 
radiation.1 

 

It becomes clear that the problems of the singularity and information loss are not 
independent. They are two distinct symptoms of the same underlying ailment: the failure of 
our current theories to describe the nature of spacetime and information at the quantum 
level. The singularity is a breakdown of geometry at the black hole's center, while the 
information paradox is a breakdown of quantum rules stemming from the interplay between 
the event horizon and the presumed fate of matter at that center. Any proposed theory that 
modifies the deep interior of a black hole to resolve the singularity is therefore inherently 
positioned to also provide a new channel for information to be processed or to escape. The 
QFS manuscript explicitly makes this connection, arguing that its proposed fractal core both 
averts the singularity and serves as the conduit for information into a new universe, thereby 
addressing both paradoxes with a single, unified postulate.1 This approach suggests the two 
paradoxes are, in fact, two sides of the same coin, solvable not by separate ad-hoc fixes, but 
by a fundamental revision of spacetime geometry. 
 

The Quantum Fractal Spacetime (QFS) Postulate: A 
New Geometric Foundation 
 
In response to the crises of singularities and information loss, Doyle's manuscript proposes a 
fundamental shift in our conception of spacetime's geometry. The theory of Quantum Fractal 
Spacetime (QFS) moves away from the smooth, continuous manifold of general relativity and 
introduces a new, more complex foundation for reality. 
 
The Central Postulate 

 
The core postulate of QFS is that spacetime is not a smooth 3+1 dimensional continuum at all 
scales. Instead, it is fundamentally a scale-invariant fractal geometry. The effective dimension 
of spacetime is not fixed but "flows" with the scale of observation. At macroscopic scales, 
much larger than the Planck length (LP​≈1.6×10−35 m), spacetime appears as the familiar 
four-dimensional continuum of GR. However, as one probes down to the Planck scale, its 



effective Hausdorff dimension transitions to approximately 2 (D≈2).1 

 

A fractal is a geometric object characterized by self-similarity, meaning its structure appears 
similarly complex at all levels of magnification. Familiar examples include coastlines, 
snowflakes, and ferns; as one zooms in, one does not find a smooth line but rather more 
intricate, repeating patterns.12 In the QFS model, spacetime itself possesses this property. 
Instead of a smooth fabric, the ultimate reality is a self-similar network of filamentary 
structures and voids.11 

 

This postulate is not without precedent. The manuscript notes that other, more mainstream 
approaches to quantum gravity have independently uncovered hints of such "dimensional 
reduction." Both Causal Dynamical Triangulations (CDT) and the Asymptotic Safety program 
have found that, in their models, the effective dimension of spacetime at very high energies 
(or, equivalently, very small distances) also reduces to approximately 2.1 QFS takes these hints 
not as emergent properties of a complex theory but as the fundamental starting point. 
 
From Geometry to Physics 

 
The QFS framework argues that this fractal geometry is not merely a passive background but 
is the direct ontological basis for the laws of physics. Both quantum mechanics and general 
relativity are proposed to emerge as consequences of this underlying structure. 
 
Quantum Mechanics as an Emergent Property 

 
In the smooth spacetime of classical physics, a particle's trajectory is a well-defined, 
differentiable line. In a fractal spacetime, however, paths are inherently jagged, continuous but 
nowhere differentiable, much like a random walk or Brownian motion. The QFS theory posits 
that this intrinsic "jitteriness" of trajectories is the physical origin of quantum uncertainty. A 
particle's path on a D≈2 fractal spacetime naturally has a fractal dimension of 2, which aligns 
perfectly with Richard Feynman's path integral formulation of quantum mechanics, where he 
noted that the typical path of a quantum particle is continuous but not differentiable.1 The 
Heisenberg Uncertainty Principle, which states that one cannot simultaneously know a 
particle's precise position and momentum, is thus reinterpreted not as a fundamental law of 
indeterminacy, but as an emergent statistical effect of trying to define a smooth trajectory on 
a non-smooth background.1 Wave-particle duality and the probabilistic nature of the 
wavefunction arise as statistical descriptions of these fractal trajectories. 
 
 



Gravity via Fractional Calculus 

 
To describe the dynamics of a fractal manifold, the tools of standard calculus, which rely on 
smoothness and differentiability, are insufficient. QFS therefore proposes a generalization of 
Einstein's Field Equations using the mathematical language of fractional calculus. The 
gravitational action, which in GR is an integral over a smooth 4D volume, is modified to be an 
integral over a fractal measure, incorporating an "anomalous measure density" μ(x) that 
reflects the scale-dependent dimension.1 The field equations themselves replace standard 
second derivatives with fractional derivative operators, such as a fractional d'Alembertian 
□α. These generalized equations are constructed to be covariant under scale 
transformations, respecting the fractal symmetry. By design, they reduce to the standard 
Einstein equations in the large-scale, smooth limit, while at microscopic scales, the fractional 
terms become dominant, giving rise to quantum-like behavior.1 

 

This approach represents a significant philosophical departure from most other quantum 
gravity programs. Instead of beginning with the established principles of quantum mechanics 
and attempting to apply them to the geometric field of general relativity (the "quantize 
gravity" program), QFS starts with a non-classical geometry and attempts to derive both GR 
and quantum mechanics as emergent, scale-dependent descriptions of that geometry. This 
"geometrize quantum mechanics" program inverts the usual explanatory hierarchy. It suggests 
that the famed "weirdness" of the quantum world is not a fundamental aspect of reality, but a 
direct and necessary consequence of the fractal texture of spacetime itself. If successful, this 
would fulfill a long-held ambition in physics, dating back to Einstein, to find a deeper, 
deterministic, and geometric origin for quantum phenomena. 
 

Re-engineering the Black Hole: The Trabecular Fractal 
Core 
 
The central application of the Quantum Fractal Spacetime postulate in the manuscript is to 
the interior of black holes. By extending the concept of a D≈2 micro-geometry to the extreme 
environment of gravitational collapse, the theory proposes a new model for the black hole 
core that resolves the classical singularity and provides a physical basis for its mysterious 
thermodynamic properties. 
 
Replacing the Singularity 

 
The manuscript's primary claim is that the gravitational collapse of matter does not proceed 
to an infinitely dense point. Instead, as the collapsing matter approaches Planckian density, 



the fabric of spacetime undergoes a phase transition into its fundamental fractal state. The 
collapse is halted not by a new repulsive force, but by the changing nature of geometry itself. 
The result is not a singularity, but a finite-sized, stable structure of immense density which the 
author terms the "trabecular fractal core".1 

 

The term "trabecular" is a deliberate analogy borrowed from the anatomy of spongy bone, 
which is a structure that is simultaneously strong, lightweight, and porous.1 This evocative 
term, perhaps inspired by the author's stated background as a spatial biologist 1, is meant to 
convey a physical picture of the core as a complex, filamentary "sponge" of spacetime 
geometry, rather than a solid point. This porous, self-similar network, with a fractal dimension 
of 2, fills the interior of the black hole, regularizing the infinities that plague the classical 
solution. Infalling matter is not crushed out of existence at a singularity; rather, it is 
"processed" through the labyrinthine D≈2 network of the core. Its energy and quantum 
information are disintegrated and distributed along the core's fractal pathways. The 
geometric structure of the core itself provides an effective "repulsion" that prevents infinite 
compression, as spacetime no longer provides the three-dimensional volume necessary for 
it.1 

 

This proposal offers a more tangible and geometric picture for what has remained a highly 
abstract concept in other theories of quantum gravity. For instance, in string theory, the 
"fuzzball" proposal also resolves the singularity, replacing it with a Planck-density ball of 
strings and branes. In Loop Quantum Gravity, the singularity is replaced by a "Planck star" 
where quantum-gravitational pressure halts collapse. The QFS model's trabecular core offers 
a compelling alternative physical intuition, translating the abstract mathematics of quantum 
gravity into a more visualizable image of a "spacetime foam," as depicted in the manuscript's 
conceptual illustration.1 This intuitive picture may prove to be a powerful contribution in its 
own right, shaping how physicists visualize the black hole interior, even if the specific 
mathematical formalism of QFS is later refined or superseded. 
 
A Physical Basis for Black Hole Entropy 

 
One of the most enigmatic discoveries in theoretical physics is the Bekenstein-Hawking 
entropy formula, SBH​=A/4 (in Planck units), which states that a black hole's entropy is 
proportional to the two-dimensional area of its event horizon, not its three-dimensional 
volume.4 This strongly suggests that the information content of a black hole is encoded on its 
surface, a concept that became a cornerstone of the holographic principle.1 However, the 
physical origin of these surface-based degrees of freedom has remained a mystery. 
The QFS model provides a direct and elegant physical explanation for this area law. The 
theory posits that the entropy is not stored on the horizon itself, but is a measure of the 
microscopic states of the interior fractal core. Since the core is fundamentally a 
two-dimensional fractal structure (D=2), the number of its available quantum microstates 



naturally scales with its effective area, not its volume. The holographic behavior of the black 
hole is thus explained as a direct and necessary consequence of the interior's fractal 
dimensionality.1 In this view, the event horizon's area law emerges because the black hole's 
interior is a fractal of co-dimension 1 (one dimension less than the surrounding space). 
Information is stored within the volume, but that volume's information-carrying capacity 
behaves like that of a surface. 
 

Solving the Information Paradox via Cosmic Branching 
 
Building on the concept of the fractal core, the manuscript presents its most provocative 
claim: the core is not an endpoint, but a gateway. It acts as a bridge to a new "baby universe," 
and this process of cosmic reproduction provides a radical solution to the black hole 
information paradox. 
 
The Fate of Infalling Information 

 
In the QFS model, the quantum information that constitutes infalling matter is not destroyed, 
nor is it simply scrambled and re-emitted in Hawking radiation. Instead, it is first encoded in 
the complex microstate configuration of the trabecular fractal core. Then, in the final stage of 
processing, this information is funneled into the creation of a new, daughter universe.1 The 
manuscript outlines two complementary physical pictures for this topology-changing event. 
 
Bounce/Wormhole Picture 

 
In this semi-classical description, the infalling matter, upon reaching the "stiff" D≈2 fractal 
core, undergoes a "bounce." The immense pressure of the core halts and reverses the 
collapse. However, the one-way nature of the event horizon prevents the matter from 
expanding back out into our parent universe. Instead, it is forced to expand into a new, 
nascent spatial dimension, effectively inflating to become a new universe. The fractal core 
thus serves as the throat of a wormhole (or an Einstein-Rosen bridge) connecting the parent 
spacetime to the child spacetime.1 This idea resonates with similar proposals, notably by 
Nikodem Popławski, who argued that torsion effects in Einstein-Cartan gravity could also 
source such a bounce into a new universe.1 

 

Quantum Tunneling Picture 

 
From a fully quantum perspective, the creation of a baby universe is described as a quantum 
tunneling event. The state of the system transitions from |Black Hole in Universe A⟩ to the 



state |Remnant in Universe A⟩ + |Baby Universe B⟩. The probability of such a transition can, in 
principle, be calculated using the Feynman path integral, which involves summing over all 
possible spacetime histories that connect the initial and final states. Crucially, this sum must 
include histories where the topology of spacetime changes. The manuscript argues that the 
formation of the Planck-density fractal core makes such a topology-changing history not just 
possible, but highly probable, perhaps even inevitable.1 

 

Information Paradox Resolved 

 
This mechanism of cosmic branching offers a straightforward, if startling, resolution to the 
information paradox. Information is not lost because it has not been destroyed; it has simply 
been transferred to a different, causally disconnected region of reality—the baby universe.1 

This solution is fully consistent with the Page curve, which has become the modern litmus test 
for any proposed resolution. In the QFS scenario, the entanglement entropy of the Hawking 
radiation in the parent universe initially rises, as expected. However, after the Page time, the 
information stored in the fractal core begins its transfer into the nascent baby universe. From 
the perspective of an observer in the parent universe, the black hole's interior degrees of 
freedom are now becoming entangled with a new system (the baby universe) rather than with 
the future Hawking radiation. This transfer of entanglement causes the entropy of the 
radiation to decrease, precisely following the downward slope of the Page curve. Unitarity is 
preserved, but it is preserved for the multiverse as a whole. The final state is not just the 
thermal radiation in our universe, but the combined pure state of [radiation in parent universe] 
+ [state of baby universe].1 

 

This aligns powerfully with the recent "replica wormhole" calculations that have revolutionized 
the study of the information paradox. Those abstract mathematical calculations showed that 
to recover the Page curve, one must include non-perturbative spacetime geometries 
resembling wormholes that connect the black hole interior to the "outside." The QFS model 
provides a concrete physical interpretation for these mathematical structures: they are the 
fractal cores that bridge parent and child universes.1 

 

This resolution, however, comes at a significant conceptual cost. It hinges on a redefinition of 
"the system." The paradox arises from an apparent violation of quantum rules within our single 
universe. The QFS solution saves the rules by expanding the boundaries of reality to include 
an inaccessible multiverse. This is at once the proposal's greatest strength—it is conceptually 
simple and mathematically sound—and its greatest weakness. It reframes the information 
paradox from a problem of information loss to one of information locality. The pivotal question 
is no longer "Is information destroyed?" but rather "Is a physical theory that relies on 
information being preserved in a causally disconnected, untestable realm a satisfactory 
scientific explanation?" This is a deep philosophical question that touches upon the very 
nature of physical law and scientific verifiability. 



 

The Architecture of a Fractal Multiverse 
 
The process of baby universe creation, if it occurs in every black hole, does not happen just 
once. It is a continuous, repeated mechanism that gives rise to a vast and complex cosmic 
structure. The manuscript explores this emergent picture, describing a hierarchical multiverse 
with its own dynamics and potentially even its own form of evolution. 
 
A Hierarchical, Tree-Like Structure 

 
If each universe can spawn new universes through its black holes, and those daughter 
universes can in turn produce their own offspring, then the entirety of existence takes on the 
structure of an infinitely branching, self-similar fractal tree.1 Our own universe would be but 
one leaf on this cosmic tree, possessing a parent universe from which it was born, potential 
"sibling" universes born from other black holes in that same parent, and the capacity to create 
its own "child" universes from the black holes within it. Once formed, each universe is causally 
disconnected from its parent and siblings, existing as a separate branch of spacetime.1 

To model the growth of this cosmic population, the paper employs a simple stochastic model 
known as a Galton-Watson branching process.1 The key parameter in this model is 
μ, the average number of viable offspring universes produced per parent universe over its 
lifetime. The value of μ governs the overall dynamics of the multiverse:​
 

●​ If μ>1, the process is "supercritical," and the number of universes grows exponentially 
with each generation, leading to an endlessly fecund multiverse. 

●​ If μ<1, the process is "subcritical," and any given lineage is destined for eventual 
extinction. 

●​ If μ=1, the process is "critical." On average, each universe is replaced by one new one. 
The total population does not explode or die out, but can exist in a state of statistical 
steady-state or dynamic equilibrium. The manuscript speculates that for an eternal 
system, this critical state might be a natural attractor.1 

 

Cosmological Natural Selection 

 
This branching model provides a compelling new platform for Lee Smolin's hypothesis of 
Cosmological Natural Selection.1 Smolin proposed that if the fundamental constants of 
physics could change slightly with each new universe's birth, a cosmic evolutionary process 
could take hold. Universes with physical constants that happen to be "fine-tuned" to maximize 
the production of black holes would, by definition, have a higher reproduction number 
μ. These universes would leave more offspring, and over many generations, their "successful" 



set of physical constants would come to dominate the multiverse ensemble.1 

 

This provides a potential scientific explanation for the profound mystery of why our universe's 
physical laws appear so exquisitely fine-tuned for the existence of complex structures like 
stars, galaxies, and life. The QFS framework suggests we live in a universe with these 
properties because universes with such properties are the most successful at reproducing 
themselves. This approach subtly transforms deep cosmological questions from matters of 
fundamental principle to matters of statistical likelihood. The question shifts from "Why are 
the constants of nature what they are?" to "In a vast ensemble of universes undergoing 
selection, how probable is it that observers would find themselves in a universe with these 
constants?" This reframes cosmology into a discipline akin to population biology, a 
perspective that may be informed by the author's cross-disciplinary background.1 

 

The Arrow of Time and the Big Bang 

 
Finally, the QFS multiverse model offers a new perspective on the origin of our own cosmos. 
Our Big Bang is re-envisioned not as an absolute beginning from a singularity, but as a "Big 
Bounce"—the emergence of a white hole from the collapse of a black hole in a parent 
universe. This immediately resolves the problem of the initial singularity.1 Furthermore, it may 
shed light on the origin of the arrow of time. The second law of thermodynamics requires that 
entropy must increase, yet our universe began in a state of remarkably low entropy. The QFS 
model suggests that the bounce process itself might be an entropy-resetting event from the 
perspective of the new universe, thus providing a natural explanation for our universe's 
ordered beginning.1 

 

A Critical Analysis in the Context of Modern Physics 
 
The QFS multiverse is a sweeping and ambitious theory that attempts to unify physics under a 
single geometric principle. To properly assess its standing, it is necessary to provide a 
balanced critique, distinguishing its more grounded aspects from its speculative leaps and 
comparing it directly with its main theoretical rivals. 
 
Well-Supported vs. Speculative Aspects 

 
The manuscript is commendably transparent about the speculative nature of many of its 
claims.1 A clear line can be drawn between its different components. 
 



More Grounded Aspects 

 
●​ Dimensional Reduction: The foundational idea that spacetime's effective dimension 

reduces to D≈2 at the Planck scale is not unique to QFS. It is a result that has emerged 
independently from well-established research programs like Causal Dynamical 
Triangulations and Asymptotic Safety, lending external support to the QFS starting 
point.1 

●​ Singularity Resolution: The goal of resolving the black hole singularity with a new form 
of quantum-level structure is a central theme of nearly all quantum gravity research. 
The QFS proposal of a non-singular core is conceptually in line with this broad 
consensus.5 

●​ Connection to the Page Curve: The theory's ability to provide a physical narrative for 
the Page curve and the replica wormhole calculations is a significant strength. By 
offering a concrete geometric interpretation for these recent and powerful 
mathematical results, QFS connects itself to the cutting edge of black hole information 
theory.1 

 

More Speculative Aspects 

 
●​ The QFS Postulate Itself: The existence of a fractal spacetime remains a fundamental, 

unproven hypothesis. While motivated by hints from other fields, there is no direct 
experimental evidence for it.1 

●​ Baby Universe Dynamics: The exact physics of the trabecular core, the bounce 
mechanism, and the creation of a baby universe are postulated rather than derived from 
a more fundamental principle. The model is a framework that describes what happens, 
but the deeper why and how of the bounce dynamics are not yet fully elucidated.1 

●​ The Multiverse: The entire hierarchical structure of the multiverse, and especially the 
concept of cosmological natural selection, is, by its very nature, currently untestable 
and resides in the realm of metaphysics or philosophy. It provides a compelling narrative 
but is not, at present, a falsifiable scientific theory.1 

 

Comparison with Other Frameworks 

 
The QFS model enters a crowded field of ideas. Its unique character is best understood by 
comparing it to the leading alternative frameworks for quantum gravity and cosmology. 
 
 
 
 



Table 1: Comparison of QFS with Competing Quantum Gravity and Multiverse Models 
 
Feature Quantum Fractal 

Spacetime (QFS) 
Loop Quantum Gravity 
(LQG) 

String Theory / Eternal 
Inflation 

Fundamental 
Postulate 

Spacetime is a D≈2 
fractal at the Planck 
scale. 

Spacetime geometry is 
quantized into discrete 
"atoms" of space. 

Reality is composed of 
1D vibrating strings in 
10/11 dimensions. 

Singularity 
Resolution 

Replaced by a D=2 
"trabecular fractal 
core" that causes a 
bounce. 

A "Planck star" or 
quantum bounce 
driven by repulsive 
forces from discrete 
geometry. 

Replaced by a 
"fuzzball" (a dense 
tangle of strings) or 
resolved in other ways. 

Information Paradox 
Solution 

Information is 
transferred to a "baby 
universe" via the 
fractal core. Unitarity 
preserved across the 
multiverse. 

Information may be 
stored in Planck-sized 
remnants or escape 
slowly via correlations 
in Hawking radiation. 

Information is stored 
holographically and 
escapes with radiation 
(AdS/CFT). No 
information loss. 

Nature of Multiverse Hierarchical, tree-like 
structure of universes 
born from black holes. 
Potentially 
evolutionary. 

Not a core prediction, 
but some models allow 
for 
black-hole-to-white-h
ole transitions creating 
new regions. 

"Landscape" of 
10500+ pocket 
universes created by 
eternal inflation, each 
with different physical 
laws (vacua). 

Key Observational 
Signature 

Energy-dependent 
speed of light; 
Gravitational wave 
"echoes" from fractal 
core. 

Modifications to the 
Cosmic Microwave 
Background; specific 
black hole remnant 
signatures. 

Supersymmetric 
particles at the LHC 
(not found); cosmic 
strings; bubble 
collisions in the CMB. 

​
This comparison highlights the unique position of QFS. Unlike LQG, which quantizes GR, QFS 
posits a new geometry from the start. Unlike string theory, it does not require extra 
dimensions or supersymmetry. Its multiverse mechanism—spawning from black holes—is 
physically distinct from the vacuum decay mechanism of eternal inflation. A key difference is 
that eternal inflation naturally generates a vast "landscape" of different physical laws, 
whereas the baseline QFS model would produce copies of universes with the same laws, 
making it arguably more parsimonious unless a mechanism for variation is explicitly added.1 

 

Testability and Potential Observational Signatures 

 
While the multiverse itself may be untestable, the underlying QFS postulate could leave subtle 



fingerprints on our own cosmos. The manuscript identifies several potential, albeit 
technologically challenging, observational avenues.1 

 

●​ Energy-dependent Speed of Light: Many quantum gravity theories that imply a 
discrete or "foamy" spacetime at the Planck scale predict that the speed of light may 
not be perfectly constant, but could vary slightly with photon energy. High-energy 
photons from distant cosmological events like gamma-ray bursts might arrive slightly 
before or after lower-energy photons from the same event. Telescopes like the Fermi 
Gamma-ray Space Telescope are searching for such effects, which would be direct 
evidence of a non-smooth spacetime structure.1 

●​ Gravitational Wave Echoes: If a black hole's interior is not the empty vacuum of 
classical GR but contains a physical structure like a fractal core, this structure could act 
as a partially reflective boundary for gravitational waves. In the aftermath of a black hole 
merger, this could produce a series of faint, delayed "echoes" in the gravitational wave 
signal that follow the main "ringdown" phase. The detection of such echoes by 
observatories like LIGO and Virgo would be revolutionary, providing the first direct 
window into the quantum structure of the event horizon.1 While searches are ongoing, 
no definitive echoes have been found to date. 

 

Concluding Synthesis: A Vision of a Self-Similar 
Cosmos 
 
The manuscript "Quantum Fractal Spacetime: Trabecular Black Hole Cores Supporting a 
Hierarchical Fractal Multiverse" presents a bold and cohesive theoretical framework that aims 
to resolve some of the deepest paradoxes in fundamental physics. Its central strength lies in 
its unifying ambition, leveraging a single, elegant geometric principle—the fractality of 
spacetime—to connect quantum mechanics, general relativity, black hole physics, and 
cosmology.1 

 

The theory offers a comprehensive narrative that addresses multiple long-standing problems. 
The Big Bang and black hole singularities are resolved, replaced by a "Big Bounce" and a finite 
"trabecular fractal core," respectively. The black hole information paradox is solved by 
positing that information is not lost but is transferred to a new baby universe, a mechanism 
that preserves unitarity for the multiverse as a whole and provides a physical interpretation for 
recent advances in quantum gravity calculations.1 

 

The overarching vision that emerges is that of a self-similar cosmos. Reality is portrayed as a 
fractal network, interconnected and repeating its patterns across all scales: from the 
non-differentiable paths of quantum particles, to the porous structure of black hole cores, to 
the infinite branching of the multiverse tree itself.1 In this view, our universe is not an isolated 



bubble of reality but a single leaf on an endless cosmic tree, part of a dynamic, 
self-reproducing ecosystem where black holes are not agents of ultimate destruction but 
portals of cosmic creation. 
 
It is crucial, however, to maintain a sober perspective on the theory's current status. It is a 
speculative but internally consistent framework. Its ultimate validation hinges on two 
formidable challenges: further theoretical development to place its postulates on a more 
rigorous mathematical footing, and, most importantly, future experimental or observational 
evidence for its foundational claim of a fractal spacetime. The proposed tests, such as 
searching for an energy-dependent speed of light or gravitational wave echoes, are at the 
extreme frontier of our technological capabilities. 
 
In conclusion, the QFS multiverse model stands as a testament to the power of theoretical 
physics to construct new and inspiring visions of reality. It challenges us to rethink classical 
boundaries—between the quantum and the cosmic, between a single universe and a 
multiverse, between an end and a new beginning. While the path to verifying such a grand 
theory is long and uncertain, the framework presented in this manuscript charts a compelling 
and intellectually fertile course. It paints a picture of a cosmos woven together by the 
ephemeral tunnels of black holes, where the microscopic texture of spacetime seeds the 
growth of new worlds, and the laws of nature resonate across an infinite, self-similar 
hierarchy. 
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