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I. Introduction: A Crisis at the Heart of the Cosmos 
Preamble: The Success and Strain of the Standard Model 

The Lambda Cold Dark Matter (ΛCDM) model stands as one of the paramount 
achievements of modern science. It provides a remarkably successful and predictive 
framework for understanding the cosmos on its grandest scales, from the precise 
pattern of temperature anisotropies in the Cosmic Microwave Background (CMB) to 
the filamentary architecture of the cosmic web of galaxies.1 This paradigm is built 
upon two foundational tenets: that the dynamics of the universe are governed by 
Einstein's theory of General Relativity, and that the formation of all cosmic structure is 
seeded by the hierarchical clustering of a cold, collisionless dark matter particle.1 

Yet, as observational precision has sharpened, this elegant picture has been 
confronted by a series of persistent and interconnected challenges. These 
discrepancies, emerging primarily on the smallest galactic scales—those of dwarf 
galaxies—question the universality of the ΛCDM model and may hint at a flaw in its 
core tenets. This report evaluates a speculative but coherent alternative, the Ground 
State Configuration (GSC) model, which posits that these challenges are not minor 
anomalies to be resolved with more complex physics, but are instead direct 
observational signatures of a deeper, information-theoretic structure of spacetime 
itself. The central thesis is that the puzzles of the small-scale universe provide a 
unique testing ground for a new paradigm, one that reframes gravity, dark matter, and 
the very fabric of reality.1 

The "Dwarf Galaxy Syndrome": A Cascading Failure of ΛCDM 

The challenges facing ΛCDM on small scales are not a collection of unrelated issues. 
Rather, they can be understood as a cascading failure of the model's core 
assumptions, where each level of discrepancy reveals a deeper crisis. This 
progression moves from a systematic error in the predicted average properties of 
dark matter halos, to an error in their predicted variance, and culminates in a 
fundamental challenge to their very existence in certain objects.1 This suggests the 
flaw may not lie in the complex, perturbative physics of galaxy formation, but in the 
foundational, zeroth-order premise of a universal dark matter particle itself.1 
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Level 1 Failure (Systematic Error in the Mean): The Core-Cusp Problem 

The most established and long-standing of these challenges is the core-cusp 
problem.1 N-body simulations, which model the gravitational evolution of collisionless 
dark matter particles within the ΛCDM framework, robustly and universally predict 
that dark matter halos should exhibit a specific, self-similar density profile.1 This 
profile is characterized by a steep, centrally-peaked "cusp," where the density, 

ρ, is predicted to scale with radius, r, as ρ∝r−1.1 However, for over two decades, 
detailed kinematic studies of the gas and stars within low-mass, 
dark-matter-dominated dwarf galaxies have consistently revealed rotation curves that 
are better described by a constant-density central "core".1 This fundamental tension 
between a universal theoretical prediction and a common observational reality 
represents the first major crack in the standard paradigm at small scales.1 

Level 2 Failure (Systematic Error in the Variance): The Diversity Problem 

While the core-cusp problem highlights a systematic deviation from a single predicted 
profile, the diversity problem points to an even more complex issue: the unexpectedly 
wide range of rotation curve shapes observed among dwarf galaxies of similar stellar 
mass or maximum circular velocity.1 Observations reveal a full spectrum of structures: 
some dwarf galaxies appear to possess the cusps predicted by ΛCDM, others have 
large, flattened cores, and many fall somewhere in between.1 This observed diversity is 
significantly broader than that produced in even the most sophisticated 
hydrodynamic simulations, which incorporate complex models of baryonic physics.1 A 
single, simple feedback prescription is insufficient to explain this variance; explaining 
it within ΛCDM requires invoking highly stochastic and finely-tuned star formation 
histories for each individual galaxy, stretching the explanatory power of the model to 
its limits.1 

Level 3 Failure (Existential Crisis): Baryon-Dominated Dwarf Galaxies (BDDGs) 

The most acute manifestation of the dwarf galaxy syndrome, and the most 
challenging for the standard paradigm, is the existence of baryon-dominated dwarf 
galaxies (BDDGs).1 These are objects, some of which are found isolated in cosmic 
voids, whose gravitational dynamics can be fully explained by their observed stellar 
and gas content alone.1 Their rotation curves leave little to no room for the massive, 
extended dark matter halo that ΛCDM fundamentally predicts should enshroud every 
galaxy, especially low-mass systems.1 The discovery of such galaxies, like NGC 
1052-DF2 and a population identified in the ALFALFA survey, directly contradicts the 



foundational principle of ΛCDM that all galaxies form within and are gravitationally 
bound by dark matter halos that should dominate their total mass budget.1 This moves 
the issue beyond simply modifying a halo to questioning its very existence in these 
systems, representing an existential crisis for the particle dark matter paradigm.1 

The "Epicycle" of Baryonic Feedback 

The conventional response from within the ΛCDM framework to this syndrome has 
been to invoke increasingly complex and energetic models of "baryonic feedback".1 
These models propose that energetic processes related to star formation, such as 
powerful supernova explosions and stellar winds, can dynamically reshape the central 
dark matter distribution. In this scenario, rapid and repeated outflows of gas can 
cause significant fluctuations in the central gravitational potential, effectively 
"heating" the dark matter particles and transforming a primordial cusp into a core.1 
The observed diversity is then attributed to the stochastic nature of star formation, 
where the unique history of each galaxy dictates the final state of its dark matter 
halo.1 

While this mechanism can alleviate some of the tension, it is pushed to its physical 
limits by the existence of BDDGs. To explain these objects, feedback would need to be 
nearly 100% efficient at evacuating dark matter from the halo's center while leaving 
the galaxy's baryonic component largely intact and gravitationally bound—a 
physically challenging and fine-tuned scenario.1 The escalating complexity of these 
feedback "fixes" is reminiscent of the addition of epicycles to geocentric models of 
the solar system.1 This progression suggests that the underlying premise—that all 
dwarf galaxies begin with a universal dark matter halo that must then be extensively 
modified—may be fundamentally flawed.1 A more parsimonious explanation might be 
one where the initial conditions for galaxy formation are themselves diverse, 
stemming from a more fundamental property of the cosmos than a simple particle 
field.1 

This cascading failure of ΛCDM at small scales provides the core motivation for 
considering a paradigm shift. The GSC model is not proposed as an arbitrary 
alternative, but as a direct response to this perceived foundational crisis. It does not 
seek to add another layer of complexity to the physics of galaxy formation; instead, it 
proposes to change the initial conditions themselves by replacing the concept of a 
universal particle halo with a variable, information-theoretic landscape. To establish 
its scientific credentials, the GSC model must make concrete, testable predictions 
that distinguish it from ΛCDM and can be confronted with observation. The following 
table provides a roadmap of these key falsification tests, which will be explored in 



detail throughout this report. 

Prediction GSC Model Claim Observational Test 

1. Cusp-Core-Environment 
Correlation 

The inner density profile (cusp 
vs. core) of a dwarf galaxy is a 
primordial feature determined 
by the information content of 
its formation environment. 

Search for a correlation 
between a galaxy's inner 
density slope and its location 
in the cosmic web (void, 
filament, cluster). 

2. BDDG Origin and 
Properties 

Baryon-dominated dwarf 
galaxies (BDDGs) form in 
primordial "infome voids" and 
should be ancient, gas-poor, 
and preferentially located in 
large-scale cosmic voids. 

Characterize the star 
formation histories and 
environments of known 
BDDGs. 

3. Feedback-Core 
Correlation 

The transformation of cusps 
to cores via baryonic 
feedback is a physical 
process of "spacetime 
decoherence." 

Search for a quantitative 
correlation between the 
"burstiness" of a galaxy's star 
formation history and the 
flatness of its inner density 
profile. 

4. BDDG-CMB Asymmetry 
Correlation 

The origin of BDDGs and 
large-scale CMB anisotropies 
are linked through a 
non-uniform primordial 
infome. 

Search for a statistical spatial 
correlation between the 3D 
positions of BDDGs and the 
orientation of the CMB power 
asymmetry ("Axis of Evil"). 

5. Quantized PBH Mass 
Spectrum 

Primordial Black Holes (PBHs) 
are stable defects in the GSC 
network and must have a 
discrete, quantized mass 
spectrum. 

Search for evidence of a 
discrete mass spectrum in 
PBH populations using 
gravitational wave and 
microlensing data. 

6. Fractal Cosmic Web The cosmic web is a 
macroscopic reflection of the 
underlying GSC network and 
should exhibit specific, 
non-ΛCDM fractal 
characteristics. 

Perform detailed topological 
and fractal analysis of 
large-scale galaxy surveys 
and compare with predictions 
from GSC and ΛCDM 
simulations. 



 

II. The Ground State Configuration Model: A New 
Information-Theoretic Paradigm 
The Ground State Configuration (GSC) model proposes a radical departure from the 
foundational assumptions of modern cosmology. It posits that spacetime, gravity, and 
the matter fields we observe are not fundamental entities but are emergent 
phenomena arising from a deeper, pre-geometric layer of reality governed by the 
principles of quantum information theory.1 To understand this paradigm, it is 
necessary to first establish its conceptual vocabulary and then explore its proposed 
mathematical structure. 

Philosophical and Conceptual Foundations: From "It from Bit" to "It from Qubit" 

The intellectual lineage of the GSC model can be traced to John Archibald Wheeler's 
influential maxim, "it from bit," which suggested that physical reality has an 
immaterial, informational source.1 The GSC model, however, aligns with the modern 
evolution of this idea, "It from Qubit," which elevates the principles of quantum 
information to a primary ontological status.1 In this view, the fundamental substrate of 
reality is not classical information but quantum information, with the phenomenon of 
quantum entanglement serving as the very fabric of spacetime geometry.1 

This paradigm shift is supported by a growing body of evidence from theoretical 
physics, particularly from holographic dualities like the AdS/CFT correspondence. Key 
results that form the pillars of this "entanglement geometry" include: 

●​ The Ryu-Takayanagi Formula: This provides a precise, quantitative relationship 
between the entanglement entropy of a region in a quantum field theory and the 
area of a minimal surface in its dual gravitational theory, establishing the first 
concrete link between a quantum-informational quantity and a geometric one.1 

●​ The ER=EPR Conjecture: This conjecture posits a deep equivalence between 
quantum entanglement (EPR pairs) and spacetime connectivity via wormholes 
(Einstein-Rosen bridges), suggesting that the "spooky action at a distance" is the 
quantum counterpart to a geometric connection through spacetime.1 

The GSC model builds upon these ideas to postulate the existence of a single, 
universal, and invariant quantum information state—the Ground State 
Configuration—that serves as the substrate for all of reality.1 



 

A New Dictionary for Gravity 

To move from a philosophical concept to a quantitative theory, the GSC model 
proposes a new "dictionary" that translates the language of quantum information into 
the language of gravity. This involves replacing the concept of mass density (ρ) as the 
source of gravity in the Poisson equation, ∇2Φ=4πGρ, with new source terms derived 
from the information-theoretic properties of the quantum vacuum.1 The key entries in 
this dictionary are: 

●​ Entanglement Density (SE​): Defined as the entanglement entropy per unit 
volume of the underlying quantum state. This is hypothesized to be the primary 
source term for the static component of the emergent gravitational field, playing 
a role directly analogous to that of dark matter mass density. A region of high 
entanglement density, such as that occupied by a galaxy cluster, would 
correspond to a deep gravitational potential well.1 

●​ Computational Complexity (C): Defined as the minimum number of elementary 
quantum gates required to prepare a quantum state from a simple reference 
state, complexity is a measure of a state's organizational structure. In a 
cosmological context, the evolution of the universe's global computational 
complexity could act as a source for the dynamic aspects of gravity, potentially 
providing an information-theoretic origin for the phenomenon of cosmic 
acceleration currently attributed to dark energy.1 

●​ Mutual Information (I(A:B)): This quantity measures the total correlation (both 
classical and quantum) between two subsystems, A and B. The mutual 
information between the qubits underlying two distinct regions of space could 
govern the non-local character of gravity. A high degree of mutual information 
between distant regions could manifest as a long-range gravitational force that 
does not fall off with the inverse square of the distance, providing a potential 
mechanism for the observed flat rotation curves of galaxies and MOND-like 
phenomenology without requiring an ad-hoc modification of dynamics.1 

This new vocabulary offers a more unified vision of the "dark sector" than ΛCDM. In 
the standard model, dark matter and dark energy are two separate, unrelated physical 
mysteries, described by different equations of state with no known connection. The 
GSC model, by contrast, suggests a deep, intrinsic link between them. The 
phenomena of dark matter and dark energy are not separate entities but are 
reinterpreted as different measures of the same underlying quantum state—the GSC. 
The static, attractive effects (dark matter) are sourced by local entanglement density, 
while the dynamic, accelerative effects (dark energy) may be sourced by evolving 



global complexity. This potential for a unified explanation is a significant conceptual 
advantage over the disjointed nature of the dark sector in ΛCDM. 

The Architecture of Reality: Spacetime as a Quantum Error-Correcting Code 
(QEC) 

A profound question in physics is why the macroscopic world appears so stable and 
classical if it is built upon fragile, fluctuating quantum states. The GSC model offers an 
explanation through the powerful analogy of Quantum Error Correction (QEC).1 In 
quantum computing, QEC is a technique for preserving fragile quantum information 
by encoding the state of a single "logical qubit" non-locally across the entangled state 
of many "physical qubits".1 This redundancy protects the encoded information from 
local errors. 

The GSC model posits that spacetime itself is such a code.1 The geometric 
information that defines our universe—the "logical qubits" of distances, angles, and 
curvature—is stored redundantly in the complex entanglement patterns of a vast 
number of underlying "physical qubits".1 This makes the emergent geometry robust 
against local quantum fluctuations, explaining the remarkable stability and 
smoothness of spacetime. This perspective leads to a radical reinterpretation of 
physical law: the gravitational dynamics described by Einstein's equations may be the 
macroscopic manifestation of the logical operations of this cosmic QEC—the physical 
process by which the universe actively preserves its own geometric information. 
Gravity becomes the algorithm of cosmic self-correction.1 

Proposed Mathematical Formalism: Synthesizing LQG and CST 

To construct a physical theory from these concepts requires a coherent mathematical 
formalism. The GSC model proposes a novel synthesis of two leading but incomplete 
approaches to quantum gravity: Loop Quantum Gravity (LQG) and Causal Set Theory 
(CST).1 This synthesis is particularly powerful because the two frameworks are 
complementary, with each addressing the primary weakness of the other.1 

●​ LQG (The "Hardware"): Canonical LQG provides a compelling, 
background-independent framework for a quantized, discrete space. Its Hilbert 
space is spanned by spin networks: graphs whose edges represent quantized 
quanta of area and whose vertices represent quantized quanta of volume.1 
However, LQG is fundamentally atemporal; it describes the quantum state of a 
spatial slice but struggles to incorporate a description of causal evolution.1 The 
GSC model leverages this formalism by proposing that the fundamental substrate 
of reality—the GSC itself—can be mathematically modeled as a universal, 
maximally entangled spin network state, representing the complete 



quantum-geometric potentiality of reality.1 

●​ CST (The "Software"): Causal Set Theory provides the complementary 
ingredient. CST posits that the most fundamental structure of spacetime is not 
geometric but causal, defined by a discrete set of fundamental "events" endowed 
with a partial order relation.1 While CST provides the rules of causal succession, it 
does not, on its own, specify the geometric properties of the emergent manifold.1 
In the synthesized GSC model, the emergence of a specific spacetime history 
occurs through observation and decoherence. An interaction "actualizes" a 
specific path, or history, through the vast combinatorial possibilities of the GSC 
spin network. This actualized history is a causal set, providing the causal 
dynamics that canonical LQG lacks.1 

●​ The Metric as an Interference Effect: The final step in the formalism is to 
describe the origin of the metric tensor, gμν​, which defines distances and time 
intervals. In this model, the metric is not fundamental but is an effective 
description of the interference pattern between the observer's singular, 
actualized history (a specific causal set) and the background of all other potential 
histories contained within the GSC.1 The spacetime interval,​
ds2=gμν​dxμdxν, is conceptualized as a measure of the "information distance" 
between events, a distance that is modulated by the "pressure" of all the other 
probabilistic alternatives. This directly links the origin of spacetime geometry to 
the resolution of the quantum measurement problem, recasting the metric as a 
relic of the measurement process itself.1 

This new paradigm requires a new vocabulary. The following table provides a direct, 
side-by-side comparison of the core concepts of ΛCDM and the GSC model to clarify 
the fundamental shift in perspective. 

Concept ΛCDM Interpretation GSC Interpretation 

Spacetime A fundamental, pre-existing, 
continuous manifold. 

An emergent property of the 
entanglement structure of a 
discrete quantum state. 

Gravity The curvature of spacetime 
caused by mass-energy, 
described by General 
Relativity. 

An entropic force emerging 
from the information 
dynamics of the underlying 
quantum system. 

Dark Matter An undiscovered, 
fundamental, collisionless 

The gravitational effect of a 
high local density of quantum 



particle that dominates 
cosmic mass. 

entanglement (SE​) in the 
vacuum. 

Dark Energy An intrinsic energy of the 
vacuum (the cosmological 
constant, Λ) causing 
accelerated expansion. 

The gravitational effect of the 
evolving global computational 
complexity (C) of the 
universe's quantum state. 

Primordial Seeds Random quantum fluctuations 
of a hypothetical inflaton field 
stretched to cosmic scales. 

Primordial fluctuations in the 
information-theoretic 
properties (the "infome") of 
the pre-geometric state. 

Physical Laws Prescriptive, fundamental 
rules imposed on an inert 
reality. 

An emergent, descriptive 
protocol of a cosmic Quantum 
Error-Correcting Code (QEC) 
that preserves information. 

 

III. Smoking Gun I: The Dwarf Galaxy Syndrome as a Probe of 
Spacetime Structure 
The GSC model reframes the dwarf galaxy syndrome not as a series of problems to be 
fixed, but as a rich source of observational data that can be used to probe the 
quantum-informational structure of spacetime.1 The model's core hypotheses about 
dwarf galaxies are designed to be directly testable, providing a clear path to either 
falsifying or validating the paradigm. 

Hypothesis 1: The Cusp-Core-Information Correlation 

The first hypothesis directly addresses the core-cusp and diversity problems by 
linking a galaxy's internal structure to its cosmic environment. 

●​ GSC Prediction: The observed inner mass profile slope of a dwarf galaxy is 
primarily determined by the primordial entanglement density (SE​) of its formation 
environment. Regions of high primordial SE​, which correspond to the dense 
filaments and clusters of the cosmic web, should generate deep and steep 
potential wells, naturally hosting cuspy, dark-matter-like galaxies. Conversely, 
regions of low primordial SE​, corresponding to large-scale cosmic voids, should 
generate shallower potential wells, hosting cored or less dense systems.1 This 
hypothesis predicts that the full spectrum of observed rotation curve shapes is 



not the result of post-formation evolution but is instead a "fossil record" of the 
initial spectrum of primordial information fluctuations.1 

●​ Observational Evidence: This prediction implies a strong correlation between a 
galaxy's internal kinematics and its location within the cosmic web. Current 
observations provide compelling, albeit circumstantial, support for such a 
connection. Studies have confirmed that galaxy properties such as stellar mass 
and gas content correlate with their proximity to cosmic filaments.1 It is also 
known that galaxies residing in underdense cosmic voids exhibit different 
properties from their counterparts in denser environments, such as being more 
gas-rich and having younger stellar populations.1 However, a direct, definitive link 
between large-scale environment and the inner density slope of the dark matter 
halo (while controlling for stellar mass) remains an active and challenging area of 
research. Dedicated surveys using integral field spectroscopy to measure the 
kinematics of void dwarf galaxies are underway and are essential for rigorously 
testing this hypothesis.8 

Hypothesis 2: The BDDG-Infome Void Connection 

The second hypothesis provides a clear, alternative explanation for the existence of 
galaxies seemingly devoid of dark matter. 

●​ GSC Prediction: Baryon-dominated dwarf galaxies (BDDGs) are not the product 
of extreme feedback but are primordial objects that formed in "infome 
voids"—regions of spacetime with an intrinsically low primordial entanglement 
density (SE​) and consequently weak emergent gravity.1 Instead of requiring a 
mechanism to violently remove a pre-existing dark matter halo, this hypothesis 
posits that such halos never formed in the first place because the underlying 
spacetime structure was too "information-poor" to generate a strong gravitational 
potential.1 A key secondary prediction is that these galaxies should be "born, not 
made." Their intrinsically shallow potential wells would make them highly 
susceptible to gas loss and quenching during the epoch of cosmic reionization, 
leading to ancient stellar populations and a lack of recent star formation.1 

●​ Observational Evidence: The existence of the target population—isolated, 
baryon-dominated dwarf galaxies—has been confirmed by large-area HI surveys 
like ALFALFA, which have identified galaxies whose dynamics can be explained by 
their baryonic mass alone.4 Crucially, a recent and puzzling observational 
discovery lends powerful support to the GSC framework. Astronomers have 
identified a population of isolated and quenched dwarf galaxies residing in 
cosmic voids.9 This finding represents a significant anomaly for the standard 
ΛCDM model. In ΛCDM, quenching a dwarf galaxy's star formation typically 
requires a powerful external mechanism, like ram-pressure stripping, which is 



thought to operate primarily in the dense environments of galaxy clusters.9 The 
existence of quenched dwarfs that are isolated in voids is therefore highly 
unexpected. 

The GSC model, however, provides a natural and predictive explanation for these 
objects. The "infome void" hypothesis (H2) predicts that some galaxies form in regions 
with intrinsically weak emergent gravity. A shallow gravitational potential well makes a 
galaxy highly vulnerable not only to internal feedback but also to gas stripping by the 
uniform radiation field during the epoch of cosmic reionization—a process that affects 
all galaxies regardless of their large-scale environment. Therefore, the GSC model 
predicts the existence of a population of dwarfs that were quenched early in their 
lives simply because they were "born" in an information-poor region of spacetime. 
These galaxies would be found today as isolated, ancient, gas-poor systems, precisely 
matching the properties of the observed anomalous population.1 This successful, 
non-trivial prediction elevates Hypothesis 2 from speculation to a claim with tangible 
empirical backing, distinguishing the GSC model from ΛCDM, where such objects are 
unexplained outliers. 

Hypothesis 3: Baryonic Feedback as Spacetime Decoherence 

The third hypothesis is the most revolutionary, proposing a new physical interaction 
between baryonic matter and the fabric of spacetime itself. 

●​ GSC Prediction: The process of baryonic feedback (e.g., supernova-driven 
outflows) can dynamically alter the local emergent gravitational potential. This is 
proposed to occur because the rapid, large-scale displacement of baryonic mass 
acts as a macroscopic "measurement" of the baryonic distribution. If spacetime is 
fundamentally a quantum system, this event induces decoherence in the local 
spacetime entanglement field, effectively reducing the local entanglement density 
(SE​). According to the GSC dictionary, this reduction in SE​ translates directly into 
a shallowing of the emergent gravitational potential—the astrophysical 
transformation of a cusp into a core.1 This hypothesis establishes a direct 
feedback loop between a galaxy's star formation history and the geometry of the 
spacetime it inhabits, predicting a direct, quantifiable relationship between the 
"burstiness" of a galaxy's star formation history and the degree to which its 
central potential has been flattened.1 

●​ Observational Status: The empirical correlation between bursty star formation 
histories and the formation of dark matter cores is a well-established 
phenomenon and is, in fact, the cornerstone of the standard feedback-based 
explanation within ΛCDM.1 Integral Field Unit (IFU) spectrographs like MUSE are 
the ideal tools for this investigation, as they can simultaneously map stellar 



kinematics and reconstruct detailed star formation histories for individual 
galaxies, allowing for a precise test of this correlation.1 

●​ Critical Analysis: It must be stressed that this hypothesis remains the most 
speculative component of the GSC research program.1 While the​
correlation it predicts is observed, there is currently no direct observational 
evidence for the proposed underlying mechanism of "spacetime decoherence" 
itself. The GSC model's contribution is to offer a potential first-principles, 
quantum-informational reason for this observed correlation. However, unlike 
Hypothesis 2, which was bolstered by the discovery of isolated quenched dwarfs, 
Hypothesis 3 remains a purely theoretical proposal for a new physical interaction. 

IV. Smoking Gun II: Large-Scale Anomalies as Fossils of a 
Primordial Infome 
One of the most powerful aspects of the GSC model is its potential to provide a 
unified physical origin for several large-scale anomalies in the Cosmic Microwave 
Background that are difficult to accommodate within the standard isotropic and 
homogeneous ΛCDM model. In ΛCDM, these anomalies are disconnected from the 
small-scale problems of dwarf galaxies. The GSC model, in contrast, traces them back 
to a common cause.1 

The Unifying Framework: The Primordial Infome 

The GSC model offers a compelling alternative to the standard inflationary scenario 
for seeding the large-scale structure of the universe. Instead of primordial seeds 
arising from quantum fluctuations of a hypothetical inflaton field, the GSC framework 
proposes they are fundamental fluctuations in the information-theoretic properties of 
the pre-geometric quantum state.1 The early universe is envisioned as a "primordial 
infome"—a complex tapestry of varying local entanglement density (SE​), 
computational complexity (C), and mutual information.1 As the universe evolves, these 
information fluctuations are "frozen in," imprinting a large-scale, static scaffolding of 
varying emergent gravitational potential onto the fabric of spacetime. This 
information-theoretic landscape then governs the subsequent formation of the 
cosmic web.1 

This framework transforms the epistemological status of CMB anomalies. In ΛCDM, 
the Cosmological Principle (the assumption of large-scale isotropy and homogeneity) 
is foundational. Anomalies like the "Axis of Evil" are therefore, by definition, problems 
that must be explained away as low-probability statistical flukes or unaccounted-for 
systematics.1 The GSC model's foundational assumption is different: it posits a 
structured, pre-geometric "infome" or spin network.1 While a perfectly random, 



unstructured network might give rise to an isotropic universe, there is no a priori 
reason to assume it is unstructured. Therefore, in the GSC model, large-scale 
anisotropies are not just possible, but expected. They are direct macroscopic 
expressions of the underlying quantum substrate's geometry, turning the anomalies 
from bugs in the old paradigm into features of the new one. 

The CMB Cold Spot and the Eridanus Supervoid 

●​ The Anomaly: The CMB Cold Spot is an unusually large and cold region in the 
CMB sky, located in the constellation Eridanus. Its size and temperature 
decrement (up to 140 μK colder than the average) make it a significant outlier, 
highly unlikely to be a simple statistical fluctuation in a Gaussian, isotropic 
universe.13 

●​ The ΛCDM Explanation (and its failure): The leading explanation within the 
standard model is the Integrated Sachs-Wolfe (ISW) effect. This effect predicts 
that CMB photons passing through a large cosmic void will lose a small amount of 
energy as the void expands during their transit, appearing cooler to us.15 Surveys 
have indeed confirmed the existence of a massive "supervoid" in the direction of 
the Cold Spot, known as the Eridanus Supervoid.15 However, detailed analyses 
have consistently shown that this void is not deep or large enough to explain the 
full temperature decrement via the ISW effect as calculated within ΛCDM. It can 
only account for approximately 10-20% of the observed coldness, leaving the 
vast majority of the anomaly unexplained.14 

●​ The GSC Explanation: The GSC model offers a more complete explanation by 
interpreting the Cold Spot as a primordial "infome void"—a vast region of 
spacetime with an intrinsically low entanglement density (SE​) and thus a 
fundamentally shallower-than-average emergent gravitational potential.1 The ISW 
effect from the matter void would still contribute, but the primary cause of the 
coldness would be this fundamental feature of the spacetime fabric itself. This 
naturally explains why the observed matter void is insufficient to account for the 
full effect. 

The "Axis of Evil" and Fundamental Anisotropy 

●​ The Anomaly: The "Axis of Evil" refers to the statistically unexpected alignment of 
the preferred axes of the largest-scale multipole moments (the quadrupole, l=2, 
and octopole, l=3) of the CMB temperature fluctuations.1 These axes, 
representing the largest patterns on the sky, are aligned with each other to a 
degree that is highly improbable in a statistically isotropic universe. Furthermore, 
this axis appears to be aligned with other features of the local universe, a result 
that fundamentally challenges the Copernican Principle.12 



●​ The GSC Explanation: The GSC model, particularly in bouncing or cyclic 
variants, proposes this is not a statistical fluke but a physical reality.1 The 
alignment is interpreted as a "fossil" from a pre-hot-bang phase or a holographic 
imprint of a large-scale structural feature (e.g., a non-trivial global topology like a 
torus) in the underlying universal GSC spin network.1 This would provide a 
fundamental, preferred reference frame for the universe, physically breaking the 
assumption of statistical isotropy.1 

The Grand Unifying Prediction: A BDDG-CMB Correlation 

The GSC model's assertion that both small-scale structure problems and large-scale 
CMB anomalies arise from a common cause—a non-uniform primordial infome—leads 
to a unique, risky, and highly falsifiable prediction that is entirely absent in ΛCDM. 

●​ The Prediction: The same statistical distribution of primordial information 
fluctuations that generates large-scale asymmetries like the "Axis of Evil" must 
also possess statistical tails. The low-end tail of this distribution would inevitably 
produce localized regions of extremely low entanglement density. These "infome 
voids," possessing intrinsically weak emergent gravity, are the natural birthplaces 
for the baryon-dominated dwarf galaxies (BDDGs).1 This logical chain establishes 
a potential causal link between phenomena on vastly different scales and predicts 
a statistical correlation between the spatial distribution of BDDGs and the 
orientation of the large-scale CMB power asymmetry.1 

●​ Proposed Test: Such a test could be performed by cross-correlating the 3D 
positions of BDDGs identified in surveys like ALFALFA with the CMB asymmetry 
axis derived from Planck satellite data. For instance, if the cosmic asymmetry 
represents a gradient from a "high-SE​" hemisphere to a "low-SE​" hemisphere, 
one might expect a statistical over- or under-density of BDDGs that correlates 
with this cosmic axis.1 

●​ Significance: This prediction is of paramount importance. In ΛCDM, the 
properties of individual dwarf galaxies and the alignment of the largest-scale 
CMB multipoles are completely causally disconnected phenomena. A positive 
detection of such a correlation would therefore be exceptionally difficult to 
explain within the standard model and would provide powerful, direct evidence 
for the GSC framework's unifying power. 

V. Further Cosmological Signatures: Probing the Quantum 
Substrate 

 



The GSC model's foundational assumption—that reality is built upon a discrete, 
quantum-informational substrate—leads to further unique predictions regarding 
phenomena like Primordial Black Holes (PBHs) and the topology of the cosmic web. 
These predictions offer a direct, albeit challenging, way to test the model's most 
fundamental architectural choice. 

The Mass Spectrum of Primordial Black Holes (PBHs) 

●​ The GSC Prediction: The GSC model offers a radical and unique prediction for 
the nature of PBHs. In this framework, PBHs are not formed by the collapse of 
matter in the emergent spacetime. Instead, they are fundamental, stable 
components of the substrate itself—conceptualized as specific, highly stable 
"nodes" or topological defects within the universal GSC spin network.1 This has a 
profound consequence: their mass cannot be a continuous variable. Instead, it 
must be determined by the discrete, combinatorial rules of the underlying 
quantum geometry. Just as atoms can only exist in discrete energy levels, PBHs in 
this model could only exist with a specific,​
discrete and quantized mass spectrum corresponding to the allowed stable 
geometric configurations of the network.1 

●​ Predictions from Standard Models: This stands in stark contrast to standard 
inflationary models. In these scenarios, PBHs are typically formed from the 
collapse of rare, large-amplitude density fluctuations, a process that naturally 
produces a continuous mass spectrum.1 While some specific inflationary models 
or physical effects (like the QCD phase transition) can produce bumps or features 
in this continuous spectrum, they do not predict a series of discrete, 
delta-function-like mass levels.21 

●​ Observational Constraints: Decades of observational campaigns have placed 
stringent constraints on the abundance of PBHs across a vast range of masses, 
using probes from Hawking radiation and microlensing to the gravitational waves 
detected by the LIGO-Virgo-KAGRA (LVK) collaboration.19 Crucially, all current 
analyses of this data model and constrain continuous mass functions (e.g., 
monochromatic, log-normal, or power-law distributions).23 There is currently​
no observational evidence for a quantized or discrete PBH mass spectrum. 

●​ Verdict: This represents a major point of tension and a potential falsification of 
the GSC model. The prediction of a quantized spectrum is a direct, 
non-negotiable consequence of the model's discrete foundation. The complete 
absence of supporting evidence in current data, which is sensitive enough to 
constrain various continuous models, makes this a very high-risk prediction. While 
proponents could argue that current instruments lack the mass resolution to 
distinguish discrete peaks from a continuous distribution, the burden of proof lies 



with the GSC model to show that such a spectrum is consistent with the 
integrated signal across all mass bins. 

The Topology of the Cosmic Web 

●​ The GSC Prediction: The GSC model posits that the cosmic web is a 
macroscopic reflection of the underlying quantum-informational network.1 If this 
GSC network possesses the mathematical properties of a complex network—for 
example, a non-integer fractal dimension—then these properties should be 
inherited by the large-scale distribution of matter. This leads to the prediction 
that the cosmic web should exhibit fractal-like characteristics or specific 
topological statistics that differ measurably from the predictions of standard 
ΛCDM simulations.1 

●​ Observational Status: A significant body of research has been dedicated to 
characterizing the geometry of the large-scale structure. Multifractal analysis of 
major galaxy surveys (like the Sloan Digital Sky Survey) and large-volume N-body 
simulations has indeed shown that the cosmic web has fractal properties.24 The 
matter distribution is not well-described by a single fractal dimension but is more 
accurately characterized as a multifractal, reflecting the complex interplay of 
voids, sheets, filaments, and nodes.29 

●​ Critical Analysis: While the observation of a fractal web is consistent with the 
GSC prediction, it is not a "smoking gun" that uniquely validates the model. The 
process of hierarchical gravitational collapse within the ΛCDM framework also 
naturally produces a complex, web-like structure with fractal characteristics. 
Therefore, simply observing that the web is fractal is not enough to distinguish 
between the models. The key test would be to find a specific fractal dimension or 
a unique topological signature (e.g., as measured by Betti numbers) that is 
quantitatively predicted by the GSC's LQG-CST formalism and which differs from 
the results of standard N-body simulations. This level of specific, quantitative 
prediction from the GSC model is not yet available, making this line of evidence 
currently suggestive but inconclusive. 

VI. A Comparative Analysis: GSC in the Landscape of Alternative 
Models 
The Ground State Configuration model does not exist in a theoretical vacuum. It is one 
of several alternative paradigms proposed to address the small-scale crisis of ΛCDM. 
To properly evaluate its potential, it must be compared against its leading competitors, 
which can be broadly categorized by their approach: modifying the properties of the 
dark matter particle, or modifying the law of gravity itself. 



 

Head-to-Head Comparison 

A systematic comparison across the key observational puzzles reveals the relative 
strengths and weaknesses of each model and highlights the unique value proposition 
of the GSC framework. 

●​ Core-Cusp Problem: Self-Interacting Dark Matter (SIDM) provides a natural 
solution, as dark matter particle scattering transports heat into the halo center, 
thermalizing the core and flattening the density profile.1 Warm Dark Matter (WDM) 
does not directly solve the problem for existing halos, but its mechanism of 
free-streaming erases the smallest primordial density fluctuations, suppressing 
the formation of the smallest (and most problematic) halos.1 Modified Newtonian 
Dynamics (MOND) solves the problem by altering the force law at low 
accelerations, eliminating the need for a dark matter halo altogether.30 The GSC 
model offers two potential solutions: either galaxies form in primordially cored 
"infome" regions, or cores are created dynamically via feedback-induced 
"spacetime decoherence".1 

●​ Diversity Problem: SIDM can generate some diversity in rotation curve shapes 
depending on a halo's specific merger and interaction history.1 WDM, by contrast, 
generally predicts low diversity. MOND struggles to explain the diversity problem, 
as galaxies with very similar baryonic mass distributions but different rotation 
curves (such as the pair HoII and KK246) present a significant challenge to a 
theory with a universal force law.30 The GSC model claims to explain the high 
degree of diversity as a direct reflection of a broad primordial spectrum of 
entanglement density (​
SE​) fluctuations.1 

●​ Baryon-Dominated Dwarf Galaxies (BDDGs): Particle-based alternatives like 
SIDM and WDM have no direct, natural solution for galaxies that appear to be 
completely devoid of dark matter; they are designed to modify halos, not 
eliminate them.1 MOND, on the other hand, naturally explains BDDGs as systems 
where the observed baryonic mass is simply all the mass there is. The GSC model 
provides its own unique formation mechanism via "infome voids," where the 
emergent gravity was never strong enough to capture a significant dark 
matter-like component.1 

●​ The Bullet Cluster: The observed separation of the gravitational lensing peak 
(inferred mass) from the bulk of the baryonic matter (hot gas) in this colliding 
cluster system is often cited as the definitive proof of collisionless dark matter and 
a fatal blow to simple MOND theories.7 Both standard CDM and SIDM are 



consistent with this observation. The GSC model offers a non-particle 
interpretation, proposing that the cluster collision is a macroscopic decoherence 
event that causes a separation of the observed, interacting baryons (the gas) 
from the unobserved, non-interactive information field that sources the 
gravitational potential (the "dark matter" component).1 

●​ Unifying Power: This is where the GSC model's primary competitive advantage 
lies. WDM and SIDM are targeted "patches" designed specifically to fix 
small-scale structure problems; their explanatory power is confined to 
phenomena related to dark matter halos and does not extend to other 
cosmological puzzles.1 MOND is a modification of gravity with limited application 
to primordial cosmology and the CMB. The GSC model, by contrast, is a candidate 
for a new, comprehensive cosmological framework. By deriving all structure from 
a "primordial infome," it makes the bold claim to simultaneously provide a physical 
origin for both the dwarf galaxy syndrome and the large-scale CMB anomalies.1 
This potential to causally link phenomena on vastly different scales is a feature 
entirely absent in its competitors, making it a higher-risk but potentially much 
higher-reward endeavor. 

The following table provides a concise summary of this comparative analysis, scoring 
each model's ability to address the key observational challenges. 

Observatio
nal Puzzle 

ΛCDM Warm DM 
(WDM) 

Self-Interac
ting DM 
(SIDM) 

MOND GSC Model 

Core-Cusp 
Problem 

Requires 
Baryonic 
Feedback 

Suppresses 
Small Halos 

Natural 
Solution 

Natural 
Solution 

Explained 
(Primordial 
or Dynamic) 

Diversity 
Problem 

Requires 
Fine-Tuned 
Feedback 

Low Diversity Moderate 
Diversity 

Challenged Explained 
(Primordial 
Spectrum) 

BDDGs Unexplained 
Anomaly 

No Solution No Solution Natural 
Explanation 

Explained 
(Infome 
Voids) 

Bullet 
Cluster 

Natural 
Explanation 

Natural 
Explanation 

Natural 
Explanation 

Falsified? Explained 
(Decoherenc
e) 



CMB 
Anomalies 

Statistical 
Fluke 

Not 
Addressed 

Not 
Addressed 

Not 
Addressed 

Explained 
(Primordial 
Infome) 

Unifying 
Power 

Low Low Low Moderate High 

 

VII. Conclusion: A Strategic Assessment and Future Outlook 
Synthesis of Findings 

The Ground State Configuration research program represents a well-conceived, 
timely, and ambitious initiative to construct a new cosmological paradigm from first 
principles of quantum information theory.1 Its motivation is firmly rooted in the 
persistent and deepening crisis of the standard ΛCDM model on small scales. The 
theoretical framework is novel and intellectually compelling, building upon active 
research in fundamental physics. Its greatest strength lies in its successful translation 
of highly speculative concepts into a concrete, falsifiable research program centered 
on a series of risky and testable hypotheses.1 

An assessment of the program's progress and the current state of observational 
evidence reveals a mixed but promising landscape. 

●​ Points of Support: The GSC model's core predictions regarding environmental 
correlations (Hypotheses 1 and 2) are gaining significant circumstantial support. 
The most powerful piece of evidence is the discovery of isolated, quenched dwarf 
galaxies in cosmic voids—a major puzzle for ΛCDM that is a natural and 
non-trivial prediction of the GSC model's "infome void" hypothesis.1 Furthermore, 
the model offers compelling and unified physical explanations for the CMB Cold 
Spot and the "Axis of Evil," transforming them from statistical flukes into predicted 
features of a structured, information-theoretic universe.1 

●​ Points of Tension: Conversely, the program faces significant challenges. The 
unique and fundamental prediction of a quantized Primordial Black Hole mass 
spectrum is currently unsupported by and in tension with observational 
constraints from LVK and other probes, which are all consistent with continuous 
mass distributions.1 The proposed physical mechanism for baryonic feedback, 
"spacetime decoherence" (Hypothesis 3), remains entirely speculative with no 
direct supporting evidence.1 Finally, the prediction of a fractal cosmic web, while 
consistent with observations, is not yet specific enough to be distinguished from 



the structures produced in ΛCDM simulations.1 

The Strategic Impasse: The Simulation Bottleneck 

A critical analysis of the GSC research program reveals a significant strategic 
challenge: a "chicken-and-egg" dilemma concerning the development of 
computational tools.1 The most revolutionary and quantitative predictions of the 
model—such as the precise functional form of the correlation between star formation 
history and core formation (Hypothesis 3)—require the development of a new class of 
"GSC-Baryon" simulation. This proposed tool would move beyond traditional 
N-body/hydrodynamic codes by evolving fundamental information-theoretic degrees 
of freedom as the source of gravity.1 

However, the development of such a novel simulation framework is a high-risk, 
high-cost endeavor. Justifying this investment likely requires strong preliminary 
observational evidence for the GSC model. Yet, the most direct and quantitative 
evidence that could be used to build this case (a definitive test of Hypothesis 3) 
requires the simulation itself to be developed and run.1 This strategic impasse 
highlights that the program's immediate focus must be on the less 
simulation-dependent hypotheses to build the evidentiary case needed to break this 
cycle. 

A Recommended Path Forward 

Based on this comprehensive analysis, the most logical and impactful path forward is 
to adopt the strategic focus proposed within the GSC research documents 
themselves.1 The program's immediate priority should be to test the components of 
the theory that are most observationally tractable and do not rely on the development 
of new, unproven simulation frameworks. This focused research question should guide 
the next phase of investigation: 

Can we find the first direct evidence for a primordial information-theoretic 
landscape by statistically correlating the internal structures of dwarf galaxies 
with their large-scale cosmic environment and with large-scale CMB 
anisotropies? 

This approach is strategically sound for several reasons. First, it directly targets the 
most promising and observationally supported components of the theory: the 
environmental dependence of galaxy structure (Hypothesis 1), the nature of BDDGs 
(Hypothesis 2), and the grand unifying prediction of a BDDG-CMB correlation. 
Second, it is achievable with existing and near-future observational facilities (e.g., 
combining data from LITTLE THINGS, ALFALFA, MUSE, SDSS, and Planck), making it a 



pragmatic and cost-effective strategy.1 Third, and most crucially, it bypasses the 
immediate need for the GSC-Baryon simulation, thus breaking the "chicken-and-egg" 
development cycle. A statistically significant positive result from this targeted 
investigation would provide the compelling, "extraordinary evidence" needed to justify 
a larger investment in the more speculative and computationally intensive aspects of 
the program. 

Final Outlook: A High-Risk, High-Reward Frontier 

The Ground State Configuration model, while highly speculative, represents a 
legitimate, falsifiable, and scientifically serious research program. It successfully 
challenges the epistemological boundaries of physics, proposing that the laws of 
nature may be the emergent algorithm of a cosmic quantum computation.1 By making 
specific, risky predictions about quantifiable correlations between observable 
astrophysical phenomena, it avoids the pitfall of non-falsifiability that plagues many 
advanced theoretical ideas.1 

The successful execution of this research program would have profound implications. 
It would not only resolve the dwarf galaxy syndrome but would also elevate dwarf 
galaxy astrophysics into a primary laboratory for testing quantum gravity. It would 
represent the first empirical, astrophysical validation of the "It from Qubit" paradigm, 
opening a new, low-energy, late-universe window into the fundamental nature of 
space, time, and physical reality.1 While the challenges are formidable, the potential 
reward—a coherent, information-based understanding of the cosmos—justifies a 
rigorous and open-minded exploration of this new frontier. 
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