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Abstract

This paper introduces the Complete Theory of Simplicial Discrete Informational Spacetime. This
meticulously constructed and self-contained theoretical framework is designed to address the
profound challenges at the intersection of quantum mechanics and gravity. It offers a novel
perspective on cosmology and the emergence of spacetime. The framework is rigorously developed
and exhaustively defined, proposing a paradigm shift beyond the classical continuum to a
fundamentally discrete and informational spacetime. At its core is the concept of simplicial
chronotopes, indivisible quanta of spacetime and information, mathematically realized as regular 4-
simplices. This work provides a complete and detailed exposition of the theory, from its primitive
definitions rooted in Planck-scale quantization to its dynamical laws, emergent phenomena, and
testable predictions. Crucially, the framework provides detailed derivations for key parameters, such
as the Poisson ratio and spacetime stiffness, grounded in the symmetry and elastic response of the 4-
simplex and linked to Planckian energy density and holographic entropy scaling. Through a
synergistic combination of Non-commutative Geometry and Quantum Information Theory, the
theory addresses the quantum-to-classical transition, singularity avoidance, and the emergence of
classical gravity. It offers a mathematically rigorous and physically plausible pathway towards a
predictive and testable theory of quantum spacetime and gravity.

Keywords: Quantum information theory; Standard Model; Simplicial Discrete Informational
Spacetime; emergence; quantum gravity; mass gap problem; non-commutative geometry

1. Introduction

This paper serves as a comprehensive review and synthesis of the SDIS framework, a theory of
quantum gravity presented at the 12th Congress of the Balkan Physical Union (BPU12). The
fundamental pursuit of a unified theory of quantum gravity stands as the most formidable and
pressing challenge in contemporary theoretical physics. This ambitious endeavor aims to elegantly
reconcile the profound successes of quantum mechanics, which precisely describes the microscopic
realm of particles and fundamental forces, with the grand geometric description of gravity provided
by Einstein's General Relativity, which governs the universe on its largest scales. The persistent
conceptual and mathematical disconnect between these two foundational pillars of modern physics
manifests in a range of unresolved puzzles, extending from the perplexing nature of spacetime
singularities at extreme densities to fundamental inconsistencies inherent within continuum
quantum field theories, and encompassing deep cosmological mysteries such as the observed baryon
asymmetry of the universe and the enigmatic presence and nature of dark matter. These issues
underscore the limitations of current theoretical paradigms and compel the exploration of novel

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0918.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 July 2025 d0i:10.20944/preprints202507.0918.v1

2 of 12

approaches that can coherently integrate all fundamental interactions within a single, consistent
framework.

This comprehensive exposition presents the Simplicial Discrete Informational Spacetime
(SDIS) theory, a meticulously constructed and internally consistent theoretical framework designed
to address and resolve these long-standing challenges. SDIS proposes a foundational paradigm shift:
it posits that spacetime itself is not a continuous, passive backdrop but is fundamentally discrete and
informational at its most elementary, Planckian level. From this core premise, all known physical
phenomena—including quantum gravity, the fundamental interactions that govern particles (strong,
weak, and electromagnetic), and the large-scale structure and evolution of the cosmos —are shown to
emerge organically and inevitably. Drawing systematically from a series of 13 distributed preprint
papers (Karazoupis, 2025a-m), this paper provides a detailed, step-by-step unpacking of the
foundational postulates of SDIS, elucidates its intrinsic causal structure, details its unique and
rigorous resolution to the long-standing Yang-Mills mass gap and asymptotic freedom problem (a
Millennium Prize Problem), and demonstrates the elegant and precise emergence of the Standard
Model of particle physics intimately coupled with General Relativity. Furthermore, it explores SDIS's
inherent explanations for cosmological enigmas such as baryogenesis and the nature of dark matter,
and unveils a deeper understanding of fundamental constants, like the speed of light, as emergent
properties of the system's dynamic self-optimization. The exposition concludes by highlighting the
development of crucial computational frameworks for exploring SDIS's complex dynamics and its
insightful re-evaluation of exotic phenomena like wormholes. Ultimately, this work demonstrates the
profound internal consistency, far-reaching explanatory power, and inherent potential for empirical
testability that collectively position the SDIS framework as a compelling and unified theory of
fundamental physics.

2. Literature Review

This section provides a detailed literature review, contextualizing the SDIS framework within
the broader landscape of theoretical physics. It focuses on discrete spacetime approaches to quantum
gravity and the expanding informational paradigm in fundamental physics.

The quest for a consistent and empirically viable theory of quantum gravity has spurred the
exploration of diverse theoretical approaches. Many of these approaches share a common departure
from the classical assumption of a continuous spacetime manifold. These discrete spacetime
approaches propose that spacetime, at its most fundamental level, is not a smooth continuum but
rather possesses a discrete, possibly granular, structure. This section reviews key foundational
approaches to discrete spacetime and quantum gravity, highlighting their core ideas, strengths, and
limitations, and contextualizing the SDIS framework within this broader landscape.

Causal Set Theory, pioneered by Rafael Sorkin and collaborators (Sorkin, 1990), presents a
conceptually elegant and radically discrete approach to quantum gravity. It posits that spacetime is
fundamentally discrete, not merely as a mathematical approximation, but as a genuine ontological
feature of reality. This discreteness is not simply about replacing a continuum with a lattice-like
structure. Instead, Causal Set Theory proposes that spacetime is fundamentally built from discrete,
indivisible elements, often referred to as "atoms of spacetime,” that are primarily related by their
causal relationships (Dowker, 2018). The mathematical object embodying this idea is the causal set,
formally defined as a locally finite partially ordered set. Causal Set Theory prioritizes causality as the
foundational structure, aiming to reconstruct spacetime geometry from causal relations. This
contrasts with the SDIS framework, which prioritizes simplicial geometry as the fundamental
structure. While Causal Set Theory offers a conceptually minimalist and causally grounded approach,
it faces challenges in recovering the full geometric richness of spacetime from purely causal relations,
particularly the "continuum embedding problem," which concerns the embedding of a causal set into
a Lorentzian manifold. The SDIS framework, with its geometrically richer simplicial building blocks,
offers a complementary approach, focusing on the emergence of spacetime geometry from the
collective behavior of simplicial chronotopes, leveraging their inherent geometric properties and
mathematical tractability (Karazoupis, 2025a).
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Loop Quantum Gravity (LQG) is another prominent and well-developed approach to quantum
gravity that embraces spacetime discreteness, albeit through a different, primarily geometric, route
(Ashtekar & Lewandowski, 2004; Rovelli, 2004). Unlike Causal Set Theory's focus on causality, LQG
focuses on the quantization of spacetime geometry itself, leading to a picture of spacetime as
fundamentally granular and quantized. LQG employs canonical quantization techniques, applying
them directly to geometric operators, such as area and volume operators, leading to the remarkable
prediction that these geometric operators have discrete spectra. This implies that area and volume
are quantized, taking on discrete values, suggesting a granular nature of spacetime at the Planck
scale. This granular nature is often visualized through spin networks, graph-like structures
considered quantum states of spacetime geometry, with nodes and links representing quantized
geometric excitations (Penrose, 1971). While LQG shares the premise of spacetime discreteness and
background independence with the SDIS framework, LQG's discreteness arises from the quantization
of geometric operators. In contrast, the SDIS framework posits fundamental discreteness at the level
of spacetime constituents themselves, the simplicial chronotopes. LQG's fundamental entities are
excitations of quantized geometry represented by spin networks, while the SDIS framework's
fundamental entities are chronotopes, mathematically represented as regular n-simplices, which are
themselves considered the building blocks of spacetime geometry. The SDIS framework, by starting
with geometrically precise simplices, offers a more direct and geometrically intuitive approach to
spacetime discreteness compared to the more abstract spin networks of LQG, while still drawing
inspiration from LQG's quantized geometry and background independence (Karazoupis, 2025a).

Simplicial Quantum Gravity and Causal Dynamical Triangulations (CDT) represent approaches
that are not merely related but fundamentally foundational and directly relevant to the SDIS
framework (Ambjern, Jurkiewicz, & Loll, 2001). These approaches directly embrace the discretization
of spacetime geometry using simplicial complexes, aligning perfectly with the core principle of
chronotopes as regular n-simplices in the SDIS framework. Simplicial Quantum Gravity, with its
historical roots in Regge Calculus (Regge, 1961), utilizes simplicial complexes to approximate
spacetime and discretize General Relativity. CDT, a Lorentzian variant of Simplicial Quantum
Gravity, employs the path integral formalism to sum over discrete spacetime histories constructed
from Lorentzian simplices, incorporating causality to address acausality issues in earlier Euclidean
Dynamical Triangulations (EDT). CDT has shown remarkable progress in recovering a semi-classical
spacetime at large scales and exhibiting promising phase transitions, suggesting its potential to
dynamically generate a universe with properties resembling our own (Loll, 2019). Simplicial
Quantum Gravity and CDT offer a geometrically intuitive and computationally tractable approach
to quantum gravity, directly leveraging the inherent properties of simplices. This approach directly
resonates and aligns profoundly with the SDIS framework's "Chronotope as a Simplex"
representation. Indeed, the framework's proposal to consider simplices as geometrically extended
chronotopes directly builds upon and extends the core ideas of Simplicial Quantum Gravity and
CDT, offering a more physically motivated interpretation of simplices as fundamental informational
units (Karazoupis, 2025a).

Group Field Theory (GFT) provides a conceptually distinct and mathematically sophisticated
approach to quantum gravity, offering a field-theoretic perspective on the fundamental constituents
of spacetime (Oriti, 2009). GFT aims to define a quantum field theory whose fundamental excitations
are not particles propagating in spacetime, but rather quanta of spacetime itself. This field-theoretic
approach contrasts with the geometrically-centric SDIS framework, which posits simplicial
chronotopes as fundamental, geometrically structured constituents. While GFT draws inspiration
from Simplicial Quantum Gravity by utilizing simplices as building blocks, it quantizes spacetime
itself as a field, whereas the SDIS framework focuses on the collective behavior of geometrically
defined simplicial chronotopes to generate emergent spacetime geometry. GFT often utilizes group-
theoretic variables to describe the fundamental building blocks of spacetime and interprets these
building blocks as quantized simplices, particularly tetrahedra in 4 dimensions (Baez & Dolan, 1998).
However, in GFT, these simplices are not merely geometric building blocks assembled to form a
discrete spacetime; they are rather quanta of a field, analogous to particles in standard quantum field
theory. GFT provides a powerful framework for studying phase transitions and condensation
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phenomena in spacetime, offering tools to explore how macroscopic spacetime and gravity can
emerge from a fundamental, pre-geometric phase, which can be potentially beneficial for
understanding spacetime emergence within the SDIS (Karazoupis, 2025a).

The SDIS framework is not only grounded in discrete spacetime approaches but also deeply
embedded within the expanding informational paradigm in physics, which posits information as a
fundamental, perhaps even primordial, constituent of reality.

John Archibald Wheeler's profound and provocative dictum, "It from Bit" (Wheeler, 1990), serves
as the philosophical and conceptual cornerstone of the informational paradigm. This concise phrase
encapsulates a radical vision: that the very fabric of reality, everything we perceive as "it" — from
particles and fields to forces and spacetime itself — ultimately derives its existence and properties
from "bits" of information. Wheeler meticulously articulated this vision, arguing that information is
not merely a descriptor of physical systems but is primary, with physical reality at its deepest level
being fundamentally informational (Wheeler, 1990). This perspective directly challenges the
traditional reductionist approach in physics, suggesting that particles, forces, and even spacetime
itself are emergent phenomena, arising from the organization and processing of fundamental
information. Wheeler's "It from Bit" philosophy has had a profound and lasting impact on theoretical
physics, particularly within the quantum gravity community, inspiring numerous research directions
that explore the informational foundations of spacetime and quantum mechanics. The SDIS
framework directly embraces this "It from Bit" perspective, making it a central guiding principle and
embodying it in the simplicial chronotope as a simplicial quantum entity of spacetime and
information (Karazoupis, 2025a).

The Holographic Principle, particularly as realized in the Anti-de Sitter/Conformal Field Theory
(AdS/CFT) correspondence, provides compelling theoretical evidence for the fundamental role of
information in gravity and spacetime (Maldacena, 1998). The Holographic Principle, initially
formulated by 't Hooft (1993) and Susskind (1995), suggests that the information describing a volume
of spacetime can be encoded on its boundary, hinting at a dimensional reduction in the fundamental
degrees of freedom. The AdS/CFT correspondence provides a concrete and mathematically tractable
realization of this principle, demonstrating a duality between gravitational physics in a higher-
dimensional spacetime and a non-gravitational quantum field theory living on its lower-dimensional
boundary. This correspondence provides strong theoretical support for the idea that information is
more fundamental than spacetime itself, and that gravity and spacetime geometry might be emergent
phenomena arising from underlying informational degrees of freedom. The SDIS framework,
particularly its "Holographic Scaling” and "Entanglement-Based Emergence" mechanisms, draws
significant inspiration from the Holographic Principle and AdS/CFT correspondence, proposing that
spacetime geometry is "built up" from quantum entanglement and information, aligning with the
holographic encoding of information on lower-dimensional boundaries (Karazoupis, 2025a).

Erik Verlinde's Entropic Gravity proposal further reinforces the informational paradigm by
suggesting that gravity itself is not a fundamental force but rather an emergent phenomenon arising
from thermodynamic principles and information (Verlinde, 2011). Verlinde's work builds upon
earlier insights into black hole thermodynamics and demonstrates that Einstein's field equations can
be derived from thermodynamic considerations, specifically from the proportionality of entropy to
horizon area. This proposal strengthens the informational paradigm by suggesting that gravity is
fundamentally an entropic force, a statistical effect arising from the underlying informational degrees
of freedom of spacetime. The SDIS framework's "Entropic Gravity" mechanism directly incorporates
Verlinde's ideas, proposing that gravity emerges as an entropic force driven by the statistical
tendency of the simplicial chronotope network to maximize its entropy or information content
(Karazoupis, 2025a).

The convergence of quantum information theory and spacetime physics has blossomed into a
vibrant and rapidly growing interdisciplinary field, exploring various avenues of connection between
quantum information concepts and the fundamental nature of spacetime, gravity, and quantum
mechanics. This interdisciplinary field, encompassing research directions such as quantum
entanglement and spacetime geometry, quantum information as a tool for quantum gravity, and
informational interpretations of quantum mechanics and spacetime, provides a rich intellectual
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context for the SDIS framework, which actively contributes to this ongoing exploration of the deep
and fundamental connections between quantum information and the very fabric of spacetime, with
its emphasis on the chronotope as a simplicial quantum entity of spacetime and information
(Karazoupis, 2025a).

3. Methodology

The SDIS framework is constructed upon a specific set of theoretical principles that define the
nature of spacetime at the Planck scale, coupled with analytical and computational methodologies
employed to derive macroscopic physical laws and observable phenomena.

3.1. Theoretical Framework of SDIS

The theoretical foundation of SDIS is built upon the "It from Bit" paradigm, asserting that the
fundamental nature of reality is information, specifically quantum information encoded in qubits.
The indivisible, quantized units of spacetime and information are defined as simplicial chronotopes.
These are not abstract points but concrete regular 4-simplices, the highest-dimensional regular
polytopes capable of tiling a four-dimensional space. Each chronotope is intrinsically dual,
possessing both geometric properties (defining its Planck-scale spatial and temporal extent) and
informational properties (encapsulating a specific qubit state). This inherent intertwining of geometry
and information is central to the theory (Karazoupis, 2025a).

Spacetime, in the SDIS framework, is conceptualized as a dynamic, evolving 4-dimensional
simplicial complex—an intricate and interconnected network of these fundamental chronotopes. The
evolution of this network is governed by a quantum Hamiltonian, which drives a continuous process
of probabilistic topological reconfigurations known as Pachner moves. These fundamental
transformations (e.g., 1-5, 5-1, 2-4, 4-2, 3-3 moves) allow the local and global rearrangement of
network connectivity. The network dynamically strives towards states of minimal internal stress and
maximal informational coherence. From this inherently dynamic and discrete foundation, familiar
classical, continuous spacetime, along with its macroscopic properties such as the Poisson ratio and
stiffness, emerges as a macroscopic, low-energy approximation. The theory provides explicit
derivations for these macroscopic parameters, grounding them in the fundamental symmetry and
elastic response of the 4-simplex and linking them to Planckian energy density and holographic
entropy scaling. This emergent nature elegantly resolves the problem of spacetime singularities, as
the discrete structure inherently provides a Planck-scale cutoff (Karazoupis, 2025a).

The causality and arrow of time within SDIS are derived from the theory's intrinsic dynamics
rather than being external postulates. Causality is rigorously defined and enforced through the
directed orientations of individual simplices and their intricate interconnections within the network.
This mechanism ensures that information flow and causal influence are constrained to propagate
along these specific directed paths, establishing a directional bias at the most fundamental level. The
relentless forward evolution of the SDIS network is dictated by a dual mechanism: the system's
quantum Hamiltonian, governing its fundamental quantum mechanical behavior, and a Lindblad
master equation. This master equation formally incorporates decoherence effects, which are
paramount to the emergence of classicality from quantum mechanics. The irreversible growth of
"Network Configuration Entropy," a direct consequence of this decoherence, robustly establishes a
thermodynamic arrow of time, driving the system towards increasingly stable and classical-like
macroscopic configurations. The fundamental postulates and rigorous mathematical structure of
SDIS inherently constrain retrocausal phenomena, ensuring consistency with observed physical
principles and preserving the standard notions of forward causality. Pathological configurations that
might otherwise lead to causal violations are rigorously prevented by the inherent geometric stability
axioms embedded within the SDIS framework as detailed in Causal Structure in Simplicial Discrete
Informational Spacetime: Enforcement of Forward Causality and Constraints on Retrocausal
Phenomena (Karazoupis, 2025b).

For the emergence of fundamental forces and particles, SDIS provides a physical foundation for
the mathematical formalism of Non-commutative Geometry (NCG). It posits that the Standard Model
(SM) of particle physics, intimately coupled with the gravitational interaction described by General
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Relativity (GR), is an inevitable emergent feature arising from the specific informational and
geometric structure of the SDIS chronotope network in its low-energy, macroscopic limit. The
methodological innovation lies in the construction of a specific spectral triple (A, H, D) that rigorously
represents the emergent spacetime from the SDIS network. This spectral triple, composed of an
algebra A (describing the geometry), a Hilbert space H (representing the matter fields), and a Dirac
operator D (encoding the dynamics), precisely encapsulates the essential quantum information and
geometric properties of the discrete spacetime. The Spectral Action Principle is then systematically
applied to this meticulously constructed spectral triple to derive the entire effective action for the
emergent spacetime and matter fields as detailed in The Emergence of the Standard Model from the
First Principles of Simplicial Discrete Informational Spacetime (SDIS) (Karazoupis, 202f).

3.2. Computational and Analytical Approaches

To facilitate rigorous investigation and validation, the SDIS theory is supported by a suite of
analytical and computational methodologies.

For the analysis of gauge theories and their emergent properties, the framework employs a
Hamiltonian formulation, adapted to the unique simplicial structure of SDIS. This involves analyzing
the energy spectrum of the emergent SU(3) gauge theory, particularly in the strong coupling limit
(g—°) associated with confinement. Furthermore, sophisticated Renormalization Group (RG)
methods, specifically adapted to the simplicial structure of SDIS (utilizing techniques conceptually
akin to the background field method), are employed to rigorously analyze the scale dependence of
the emergent SU(3) gauge coupling as detailed in Existence of a Mass Gap in SU(3) Yang-Mills Theory
within the Simplicial Discrete Informational Spacetime Framework (Karazoupis 2025d) and
Asymptotic Freedom in SU(3) Yang-Mills Theory within the Simplicial Discrete Informational
Spacetime Framework (Karazoupis, 2025e).

A robust numerical framework has been meticulously developed and rigorously verified for
precise geometric calculations within 4D Euclidean Regge Calculus. This framework specifically
incorporates R2 curvature correction terms, crucial for a more complete description of quantum
gravity, and utilizes the powerful Cayley-Menger minor formula for accurate calculation of dihedral
angles and deficit angles. This provides essential computational tools for future quantitative
investigations into discrete quantum gravity, including the intricate geometric and dynamical
predictions of SDIS and the effects of higher-order curvature terms as detailed in Discrete Quantum
Gravity with R<sup>2</sup> Corrections: A Verified Numerical Approach (Karazoupis, 2025j).

Complementing this, a comprehensive Python-based computational framework has been
developed for simulating the dynamic evolution of 4D simplicial complexes. This framework
effectively integrates validated Pachner moves (specifically 1-5, 5-1, 2-4, 4-2, and 3-3 transformations),
which represent the fundamental topological reconfigurations of the simplicial network, with a
Metropolis-Hastings Monte Carlo algorithm. This simulation is driven by a carefully constructed
Regge-calculus-inspired action functional that balances both geometric (volume, curvature) and
topological (adjacency) contributions. This powerful simulation environment allows for the
stochastic exploration of discrete spacetime dynamics, providing the direct means to numerically
investigate the evolution, stress relaxation, and potential phase transitions within the SDIS
chronotope network as detailed in A Computational Framework for 4D Simplicial Complex
Dynamics: Integrating Pachner Moves and Monte Carlo Simulations for Quantum Gravity and
Topological Analysis (Karazoupis, 2025g).

Finally, for bridging to low-energy phenomena, a sophisticated coarse-graining procedure,
analogous to established techniques in lattice field theory, is employed. By introducing fundamental
anisotropy (direction-dependent couplings) among the constituent 4-simplices of the SDIS network,
this procedure reveals emergent low-energy effective descriptions, such as the appearance of exotic
quasiparticles as detailed in Emergence of Semi-Dirac Quasiparticles in a Simplicial Discrete
Informational Spacetime (Karazoupis, 2025I).

4. Results
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The application of the SDIS framework and its methodologies yields significant results,
providing coherent and consistent explanations for several long-standing problems in fundamental
physics and cosmology. The most important findings are detailed below.

4.1. Resolution of Yang-Mills Mass Gap and Asymptotic Freedom

The SDIS theory provides a unified and elegant resolution to one of the most significant and
enduring challenges in fundamental physics: the consistent description of the strong nuclear force
within Quantum Field Theory, specifically addressing the Yang-Mills mass gap and asymptotic
freedom.

Fundamental Incompatibility in Continuum QFT: A rigorous mathematical contradiction is
derived between the Yang-Mills mass gap (a cornerstone prediction related to quark confinement
and the finite mass of hadronic particles) and asymptotic freedom (the weakening of gauge
interactions at high energies or short distances) within conventional continuum Quantum Field
Theory. This incompatibility is demonstrated by analyzing the analytic structure of gauge-invariant
two-point correlation functions via the Kallén-Lehmann spectral representation (a fundamental
consequence of the Osterwalder-Schrader axioms for a well-defined relativistic QFT). When
constrained by the existence of a mass gap, the asymptotic behavior permitted by this spectral
representation is shown to be irreconcilable with the specific polynomial and logarithmic structure
demanded by renormalization group analysis for asymptotic freedom at high momentum. This
contradiction highlights a deep-seated theoretical flaw in continuum QFT when attempting to
simultaneously describe these empirically vital aspects of the strong force as detailed in Fundamental
Incompatibility of the Yang-Mills Mass Gap and Asymptotic Freedom within Continuum Quantum
Field Theory (Karazoupis, 2025c).

Existence of a Mass Gap in SDIS: Within the SDIS framework, gauge fields, specifically for SU(3)
Yang-Mills theory, are not fundamental entities but emerge from holonomies on the discrete
simplicial network. By adopting a Hamiltonian formulation adapted to the unique simplicial
structure of SDIS, the energy spectrum of the emergent pure SU(3) gauge theory is analyzed in the
strong coupling limit (g—oc), which is the very regime intrinsically associated with quark
confinement. Through explicit calculations, the unique, gauge-invariant vacuum state and its energy
are identified. Subsequently, the lowest-lying gauge-invariant excited state, corresponding to a
minimal chromoelectric flux loop excitation (a glueball), is identified, and its energy is rigorously
calculated. By explicitly determining the energy difference between this first excited state and the
vacuum, it is analytically demonstrated that a strictly positive energy gap (AE > 0) exists within this
theoretical framework. This result signifies that confinement naturally arises from the discrete,
quantum-informational nature of spacetime itself as described by SDIS, rather than being an external
postulate or an intractable problem in the continuum as detailed in (Karazoupis, "Existence of a Mass
Gap in SU(3) Yang-Mills Theory within the Simplicial Discrete Informational Spacetime Framework,"
2025d).

Asymptotic Freedom in SDIS: Completing the resolution, SDIS demonstrates how asymptotic
freedom also emerges consistently and naturally. Employing sophisticated Renormalization Group
(RG) methods, specifically adapted to the simplicial structure of SDIS, the scale dependence of the
emergent pure SU(3) gauge coupling is rigorously analyzed. This analysis robustly demonstrates that
the beta function () for the effective gauge coupling is negative at weak coupling (3 < 0). This
characteristic negative slope of the beta function is the defining hallmark of asymptotic freedom,
confirming that the interaction strength demonstrably decreases at high energies (or at very short
distances). This result not only confirms that the SDIS framework inherently reproduces the correct
ultraviolet (UV) behavior of QCD but also allows for the dynamical generation of the physical QCD
scale parameter (A_QCD), which sets the energy scale below which interactions become strong and
confinement effects dominate. This unified achievement provides a coherent and consistent picture
of strong interactions across all energy scales within SDIS, directly resolving the fundamental
"incompatibility” identified in Paper 3 by demonstrating that both the mass gap and asymptotic
freedom arise harmoniously and predictably from the underlying discrete, informational spacetime
as detailed in Asymptotic Freedom in SU(3) Yang-Mills Theory within the Simplicial Discrete
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Informational Spacetime Framework: A Weak Coupling Renormalization Group Analysis
(Karazoupis, 2025e).

4.2. Grand Unification: Standard Model and Gravity from First Principles

The unifying power of the SDIS theory culminates in its capacity to derive the entire Standard
Model of particle physics, intimately coupled with General Relativity, directly from its foundational
principles. This represents a pivotal advancement towards a unified theory of fundamental
interactions.

Physical Foundation for Non-commutative Geometry: The Standard Model (SM) of particle
physics, coupled with General Relativity (GR), is derived as an inevitable emergent feature arising
from the specific informational and geometric structure of the SDIS chronotope network in its low-
energy, macroscopic limit. The central methodological innovation involves the meticulous
construction of a specific spectral triple (A, H, D) that rigorously represents the emergent spacetime
from the SDIS network. This spectral triple, composed of an algebra A (describing the geometry), a
Hilbert space H (representing the matter fields), and a Dirac operator D (encoding the dynamics),
precisely encapsulates the essential quantum information and geometric properties of the discrete
spacetime.

Emergence of Standard Model Gauge Group and Fermions: A crucial and groundbreaking result
is  that the wunique, finite-dimensional non-commutative  algebra, specifically
A=Ceo(M)Q(CHOHDM3(C)), emerges as a necessary consequence of the internal degrees of freedom
and the complex connectivity of the SDIS network. This specific algebraic structure is then elegantly
shown to precisely yield the full Standard Model gauge group: SU(3) (strong force) x SU(2) (weak
force) x U(1) (electromagnetism). Furthermore, the action of the Dirac operator on the Hilbert space
directly reproduces the correct quantum numbers for all fundamental fermions—quarks and leptons
across all three generations—including their precise handedness and color/flavor assignments.

Intrinsic Higgs Mechanism and Unified Lagrangian: A particularly profound aspect of this
derivation is the natural emergence of the Higgs mechanism. The Higgs field itself, along with its
characteristic potential responsible for electroweak symmetry breaking and particle masses, is not
introduced as a separate, ad-hoc entity. Instead, it arises directly and geometrically from the inner
fluctuations and internal degrees of freedom of the Dirac operator within the SDIS-derived NCG
formalism, providing a deeply unified origin for particle masses. Finally, by systematically applying
the powerful Spectral Action Principle to this meticulously constructed spectral triple, the entire
effective action for the emergent spacetime and matter fields is derived. This remarkable derivation
systematically recovers the full Standard Model Lagrangian, minimally coupled to the Einstein-
Hilbert action for gravity as detailed in The Emergence of the Standard Model from the First
Principles of Simplicial Discrete Informational Spacetime (SDIS) (Karazoupis, 2025f).

4.3. Cosmological Explanations

SDIS extends its explanatory power to offer intrinsic and novel solutions for major cosmological
mysteries that have long puzzled cosmologists and remain unresolved by conventional models.

Baryogenesis via Asymmetric Network Stabilization: The observed baryon asymmetry of the
universe, quantified by the baryon-to-photon ratio n=6x10-10, is not an external input but an inherent
outcome of the primordial, non-singular evolution of the SDIS network itself. The theory posits that
during the network's irreversible journey from a high-stress, far-from-equilibrium initial state
towards a state of maximized "Network Configuration Entropy" (a measure of network stability and
information dispersal), emergent CP violation naturally arises from the intricate Simplicial
Information Couplings within SDIS. This intrinsic violation leads to a crucial differential: "antimatter-
informational” patterns (configurations corresponding to antimatter) are found to impose higher
"Network Informational Stress" than their "matter-informational" counterparts. Consequently,
during the network's self-organizing evolution, these higher-stress antimatter patterns are
preferentially "filtered out" or prevented from stable incorporation into the evolving network, leading
to a net surplus of matter. This elegant mechanism intrinsically fulfills all three Sakharov conditions
(baryon number violation, C and CP violation, and departure from thermal equilibrium) without
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necessitating the introduction of new particles or interactions beyond the fundamental SDIS
framework as detailed in Baryogenesis via Path-Dependent Asymmetric Network Stabilization in
Simplicial Discrete Informational Spacetime (Karazoupis, 2025h).

Dark Matter as Emergent Spacetime Torsion: SDIS provides a compelling explanation for the
pervasive mystery of dark matter, positing it not as a new exotic particle but as an emergent
gravitational phenomenon stemming directly from the fundamental geometric and informational
structure of spacetime. Within the SDIS framework, each spacetime simplex possesses a quantifiable
amount of quantum informational content, characterized by its entanglement entropy. It is formally
demonstrated that spatial gradients in this simplicial entanglement entropy necessarily induce
spacetime torsion. This torsion field, directly sourced by these quantum information gradients, in
turn generates an effective stress-energy tensor that gravitationally manifests itself in a manner
consistent with the observed effects attributed to dark matter. The dark matter density profile derived
from this mechanism is shown to be consistent with various astronomical observations, including
galactic rotation curves and gravitational lensing, offering a parsimonious, non-particle alternative
to one of modern cosmology's most significant unresolved puzzles as detailed in Dark Matter as an
Emergent Phenomenon in Simplicial Discrete Informational Spacetime: A Formal Geometric
Framework (Karazoupis, 2025i).

4.4. Emergent Nature of Fundamental Constants and Properties

SDIS's explanatory power extends even to the very nature of what are considered fundamental
constants, demonstrating their emergence from the network's intrinsic dynamics rather than being
arbitrary parameters.

Emergent Speed of Light: The speed of light (c) is not a fundamental postulate in SDIS. Instead,
it emerges dynamically from the self-optimization processes inherent in the SDIS network. The
theory mathematically demonstrates that c rigorously arises as a maximum speed for causal
propagation, a speed limit enforced by the network's inherent dynamic suppression of high-stress,
unstable superluminal fluctuations. These fluctuations manifest as highly stressed and geometrically
unstable configurations that are rapidly minimized and smoothed out by the network's continuous
evolutionary dynamics. The precise numerical value of c is uniquely determined by an optimal
network stability and efficient stress relaxation condition. This establishes a necessary and
fundamental relationship between c, Planck's constant (h), and Newton's gravitational constant (G),
revealing how the universe's inherent causal structure and its ultimate speed limit arise from its
intrinsic self-organizing quantum geometry at the most granular level as detailed in Dynamic Self-
Optimization of Simplicial Discrete Informational Spacetime and the Emergent Origin of the Speed
of Light (Karazoupis, 2025k).

Emergence of Semi-Dirac Quasiparticles: SDIS establishes a connection to potentially observable
low-energy condensed matter physics by demonstrating the emergence of exotic quasiparticles. By
introducing fundamental anisotropy (direction-dependent couplings) among the constituent 4-
simplices of the SDIS network, a sophisticated coarse-graining procedure, analogous to established
techniques in lattice field theory, reveals that semi-Dirac fermions can emerge as a low-energy
effective description. These unique quasiparticles exhibit a distinctive anisotropic dispersion
relation —quadratic along one axis and linear along the perpendicular axis —which is their defining
characteristic. This finding establishes a theoretical link between the postulated discrete, anisotropic
structure of spacetime at the Planck scale and potentially observable low-energy phenomena,
suggesting specific avenues for indirect experimental investigation, particularly through the study of
materials exhibiting semi-Dirac behavior as detailed in Emergence of Semi-Dirac Quasiparticles in a
Simplicial Discrete Informational Spacetime (Karazoupis, 20251).

4.5. Reassessment of Exotic Phenomena

SDIS provides a new, insightful theoretical perspective on highly speculative phenomena, such
as wormbholes, offering explanations that are remarkably consistent with current understanding and
observational limitations.
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Transient and Untraversable Wormhole Topologies: The theory meticulously investigates the
theoretical potential for wormhole-like topologies (conceptually, topological handles) to emerge
within the SDIS framework. It is rigorously demonstrated that while the dominant dynamics of
SDIS—governed by principles of stress minimization, inherently local interactions, and
decoherence—strongly disfavor the formation and stability of such exotic structures, their transient
existence cannot be entirely ruled out. Highly improbable, far-from-equilibrium quantum events,
such as large coherent fluctuations or quantum tunneling phenomena that might occur during
extreme cosmic events (e.g., the final stages of black hole mergers), could theoretically lead to their
momentary formation. However, even if such a quantum leap were to occur, the resulting wormhole
topology is predicted to be extraordinarily fleeting, relaxing back to a simpler topology on timescales
very close to the Planck time. Furthermore, the intense quantum fluctuations inherent in the SDIS
description of Planck-scale geometry would render the interior of such a transient handle effectively
untraversable, making it almost impossible for information or matter to pass through. This definitive
conclusion aligns perfectly with the current lack of observational evidence for stable, macroscopic,
and traversable wormholes as detailed in Transient Wormhole Topologies in Simplicial Discrete
Informational Spacetime (SDIS): Possibility, Formation, and Undetectability (Karazoupis, 2025m).

5. Conclusions

The Simplicial Discrete Informational Spacetime (SDIS) theory, as comprehensively presented
in this exposition, stands as a profound, internally consistent, and highly compelling framework for
quantum gravity and the grand unification of fundamental physics. By boldly positing a
fundamentally discrete, quantum-informational structure for spacetime itself, SDIS systematically
addresses and offers elegant solutions to a vast spectrum of challenges that have long confronted
theoretical physics, spanning from the enigmatic Planck scale to the grand, cosmological dimensions
of the universe.

At its core, SDIS successfully establishes that spacetime is not a fundamental continuum but
rather an emergent phenomenon, dynamically arising from an intricate network of Planck-scale
simplicial chronotopes. This foundational shift provides intrinsic mechanisms for the emergence of
causality and the arrow of time, both derived organically from the network's Hamiltonian dynamics
and the ubiquitous process of decoherence. The theory delivers a unique and powerful resolution to
the long-standing problem of consistently reconciling the Yang-Mills mass gap and asymptotic
freedom, demonstrating unequivocally that both crucial properties naturally emerge from the
underlying discrete structure of spacetime, thereby overcoming the profound theoretical
inconsistencies identified in conventional continuum Quantum Field Theory.

A crowning achievement of the SDIS framework is its unified derivation of the Standard Model
of particle physics coupled with General Relativity directly from first principles. By leveraging a
physical interpretation of Non-commutative Geometry, SDIS precisely recovers the full Standard
Model gauge group, all fundamental fermions with their correct quantum numbers, and the intricate
dynamics of the Higgs mechanism, all as intrinsic, emergent properties of the informational geometry
of spacetime itself.

Furthermore, SDIS extends its explanatory power to offer profound and intrinsic solutions for
major cosmological puzzles. Baryogenesis is elegantly accounted for by an emergent CP violation
during the primordial network's evolution, leading to an asymmetric stabilization favoring matter
over antimatter. Similarly, the mysterious phenomenon of dark matter is explained not by
hypothetical new particles, but as an emergent gravitational effect, stemming from spacetime torsion
induced by gradients in the entanglement entropy of the simplicial chronotopes. The theory also
redefines our understanding of seemingly fundamental constants, notably deriving the speed of light
as a dynamically emergent maximum causal propagation speed, intrinsically dictated by the
network's self-optimization and stress-minimization principles.

Finally, SDIS grounds its comprehensive theoretical claims with the development of robust
computational frameworks for simulating 4D simplicial complex dynamics, enabling direct
numerical exploration and potential verification of its predictions. It also establishes fascinating links
to potentially observable low-energy phenomena, such as the emergence of semi-Dirac quasiparticles
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in anisotropic spacetime, and offers a consistent, empirically aligned explanation for the absence of
stable, traversable wormholes.

In summation, the Simplicial Discrete Informational Spacetime theory presents a profound,
coherent, and highly predictive vision of the universe. It transcends conventional approaches by
deriving fundamental forces, particles, and cosmological features from the very fabric of spacetime
itself. This framework not only resolves deep theoretical inconsistencies but also offers clear
pathways to testable predictions, positioning SDIS as a leading and compelling candidate in the
ongoing quest for a unified and complete theory of quantum gravity.
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