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Abstract

This report presents a comprehensive synthesis and analysis of the Golden K Hypothesis, a
novel theoretical framework for unified physics based on fundamental pregeometric principles. The
hypothesis postulates that all of observable physical reality—spacetime, elementary particles, and
fundamental interactions—is emergent from the dynamics of a single, complex scalar field, termed
the Phason Field (¥). This field is defined on a discrete, yet aperiodic, three-dimensional qua-
sicrystalline substrate, which is itself a projection of a highly symmetric, eight-dimensional root
lattice of the E8 Lie group.

The theoretical structure is based on three interdependent postulates: (1) the Principle of
Discrete Scale Symmetry, which states that the laws of physics are invariant under scale transfor-
mations governed by powers of the golden ratio (®); (2) the Primacy of the fundamental Golden
Length (Ix), which establishes an absolute, minimal scale for geometry, rendering constants such
as G and /i as emergent quantities; and (3) the Fractal-Oscillatory nature of spacetime, which is a
non-differentiable continuum whose properties arise from the dynamics of the Phason Field. From
these axiomatic foundations, key elements of known physics are derived as emergent phenomena.
Gravity arises as a macroscopic hydrodynamic effect, associated with gradients in the amplitude
of the Phason Field. Quantum mechanics emerges from the fractal dynamics of the field’s phase,
described using a novel formalism of variable-order fractional calculus.

One of the key results of the hypothesis is an elegant, topological solution to the problem of
the existence of exactly three generations of fermions, which is rooted in a unique mathematical
property of the Spin(8) group called triality. This mechanism not only predicts the three families of
particles but also offers a qualitative explanation for their observed mass hierarchy. The hypothesis
is not merely a philosophical speculation; it generates a series of concrete, falsifiable predictions that
distinguish it from the Standard Model. These include, among others, specific anisotropies with
icosahedral symmetry in the cosmic microwave background (CMB), measurable deviations from
standard predictions for the Casimir force on fractal surfaces, and the existence of new particle
resonances in accelerator experiments (e.g., at the LHC), whose masses would form a harmonic
ladder based on the golden ratio. This paper presents the complete axiomatic, mathematical, and
phenomenological structure of the theory, positioning it as a coherent and testable candidate for a
fundamental theory.



1 Pregeometric Foundations and a New Physical Ontology

1.1 Paradigm Shift: From Spacetime to an Informational Substrate

The Standard Model of particle physics and the General Theory of Relativity (GTR) are the pillars of
modern physics, enjoying unprecedented success in describing and predicting phenomena within their
respective domains. Nevertheless, they leave a series of fundamental questions unanswered, which
points to their incompleteness. Problems such as the nature of dark matter and dark energy, the
puzzle of particle mass hierarchy, the unexplained existence of exactly three generations of fermions,
and above all, the lack of a coherent quantum theory of gravity, suggest the necessity of a deeper,
underlying structure of reality.

The Golden K Hypothesis proposes a radical paradigm shift, aligning with the philosophical vision
of John Archibald Wheeler, condensed in the famous motto "It from Bit". According to this idea, phys-
ical, material reality ("It") is not a primary entity but emerges from more fundamental, non-material
principles of an informational nature ("Bit"). The Golden K Hypothesis aspires to be more than just
a philosophical declaration; it aims to provide a concrete, mathematical, and physical mechanism for
this emergence. Within its framework, the "bit" of information is not an abstract computational unit
but a fundamental quantum of geometric information, encoded in two inseparably linked elements: a
dimensionless constant—the golden ratio (®)—and a fundamental unit of length—the Golden Length
(). This approach differs from other information-centric theories, such as Information Quantum
Gravity (IQG), which often operate on abstract concepts of information. The Golden K Hypothesis
proposes a specific, tangible geometric substrate from which all physics is meant to emerge, making its
predictions more concrete and potentially testable.

1.2 The Axiomatics of Reality: Three Postulates of Geometric Harmony

At the core of the hypothesis lie three fundamental postulates. They should not be viewed as inde-
pendent, arbitrary axioms, but as a logically coherent and self-reinforcing structure that redefines the
arena of physical phenomena, replacing the smooth, passive spacetime of GTR with a dynamic, fractal,
and informational substrate.

Postulate 1: Discrete Scale Symmetry (DSS) This postulate states that the laws of physics are
covariant (invariant) with respect to discrete scale transformations, governed by the scaling operator
S(\) = @, where ) is an integer and ® = (1 ++/5)/2 is the golden ratio. This is a radical departure
from continuous scale symmetry (dilatation), which, if it occurs in nature at all, is a special feature
of conformal field theories. The Golden K Hypothesis postulates that this continuous symmetry is
fundamentally broken to a discrete subgroup. This implies that nature is not continuously self-similar
but is organized into hierarchical, quantized geometric "octaves," whose ratio is always a power of
the golden ratio. Such a structure suggests the existence of a fundamental, logarithmic periodicity
of the universe in scale. This postulate is not purely abstract; it finds resonance in observations of
log-periodic oscillations, which are signatures of discrete scale symmetry. These phenomena have been
identified in systems as diverse as critical phenomena, earthquake dynamics, turbulence, and even in
quantum magneto-oscillations in topological materials such as HfTes and ZrTes.

Postulate 2: Primacy of the Golden Length (Ix) This postulate assumes the existence of a
fundamental, indivisible unit of geometric information, the Golden Length, defined as Il = ®-1073% m
~ 1.618 x 1073% m. All measurable physical quantities are ultimately dimensionless ratios with respect
to Ik and its temporal counterpart tx = lx/c. It is crucial to distinguish [k from the Planck length
Ip =~ 1.616 x 10735 m. The Planck length, Ip = \/hG/c3, is a derived quantity, constructed from the
constants G, h, and c, and is typically seen as the limit below which our current theories fail. In the
Golden K Hypothesis, Ik is not a limit but the generator of geometry itself—the "atom" of information
from which the entire metric structure is built. This assumption has profound consequences: it implies
that physical constants, such as the gravitational constant G and the Planck constant A, must be
emergent quantities, not fundamental ones. Their values are determined by the dynamics of the



underlying pregeometric substrate. This postulate also provides a natural ultraviolet (UV) cutoff,
making the theory inherently finite and free of divergences.

Postulate 3: The Fractal-Oscillatory Nature of Spacetime According to this postulate, space-
time is not a smooth, differentiable manifold, but a non-differentiable, self-similar continuum. Its local
geometric and dynamic properties are fully described by a single, complex scalar field—the Phason
Field W(x*). This postulate draws inspiration from Laurent Nottale’s Theory of Scale Relativity, which
postulates that the cause of quantum phenomena is the fractal nature of spacetime. The Golden K
Hypothesis, however, goes a step further, making this fractal nature not a static background, but a
dynamic phenomenon, fully described by the single field ¥. Non-differentiability is the key to emergent
quantum mechanics and provides a natural motivation for introducing a more general mathematical
apparatus, namely fractional calculus.

1.3 The Architecture of the Substrate: E8 Lattice Projection and Quasicrystalline
Spacetime

The interdependence of the three postulates creates a coherent and logical picture, which can be seen
not as a set of arbitrary assumptions, but as an inevitable consequence of a single, fundamental choice:
the selection of the 8-dimensional root lattice of the E8 Lie group as the pregeometric "source code"
of reality.

The logical chain is as follows. The starting point is the need for a pregeometric, information-
rich foundation for physics, consistent with the "It from Bit" philosophy. The E8 lattice is chosen
as the most promising candidate due to its unique mathematical properties: it is the largest of the
"exceptional" simple Lie groups, represents the most efficient sphere packing in 8 dimensions, and its
structure is intrinsically linked to the golden ratio. To obtain our observable, 3-dimensional world
from this abstract, 8-dimensional structure, a mechanism for dimension reduction is necessary. The
hypothesis postulates that this mechanism is the projection of the E8 lattice onto a 3-dimensional sub-
space at an irrational angle (related to ®). Such a process naturally generates an aperiodic, yet highly
ordered structure called a quasicrystal. Quasicrystals are inherently fractal and non-differentiable,
which directly leads to Postulate 3 on the fractal-oscillatory nature of spacetime. Fractal structures,
by definition, exhibit self-similarity. Postulate 1 (Discrete Scale Symmetry) specifies the type of this
self-similarity, imposing a symmetry based on ®—the natural "language" of fractals, which is already
deeply embedded in the mathematical structure of the E8 lattice itself. Finally, the discrete and fractal
structure of the quasicrystal requires a fundamental, minimal scale to avoid the problem of infinity and
to be well-defined. Postulate 2 (The Golden Length [x) provides precisely this fundamental "pixel
size" for the geometric substrate, rendering the theory finite. Thus, the entire set of axioms emerges
as a logical consequence of choosing E8 as the starting point, which gives the theory a deep internal
consistency.

1.4 The Unified Ontological Object: The Phason Field ¥

The central mathematical and ontological object of the hypothesis is the Phason Field, ¥. It is
a complex scalar field that serves as the primordial substance from which all physics emerges. Its
representation in polar form is key to understanding its dual, unified role:

U(at) = R(at)e’ ") (1)
e Amplitude R(z*): This is a real, positive scalar function interpreted as the local geometric scale

factor or the "density" of the spacetime substrate. Changes and gradients in R(x*) manifest on
a macroscopic scale as curvature and gravity.

e Phase O(z#): This is a real scalar function interpreted as the local oscillatory mode of the
substrate. Its dynamics, propagation, and interference generate quantum phenomena. The phase
encodes information about the local vibrational state of geometry itself.

In this view, the complex nature of the field is no longer just a mathematical tool, as in standard
quantum mechanics, but reflects the fundamental, dual geometric-oscillatory nature of reality itself.



2 Mathematical Formalism and Nonlocal Dynamics

2.1 The Action Principle and the Phason Equation

The dynamics of the Phason Field are governed by the principle of least action, S[¥] = [ Ld%z. The
Lagrangian density £ must be a Lorentz scalar and, crucially for this theory, must be covariant with
respect to the postulated discrete scale transformations. The postulated form of the Lagrangian is a
modification of the standard Lagrangian for a complex scalar field:

L =ne(DGV) (DFV) — Ao (V]* — %)? (2)

e Kinetic Term: The expression no(DG¥)*(DgWV) describes the energy associated with changes
(gradients) of the field in spacetime. The constant 7¢ is a fundamental kinetic coupling constant,
determining the "stiffness" of the substrate against changes. All the new, fundamental physics is
contained within the Golden Fractional Derivative operator D¢, which encodes information
about the fractal, non-differentiable nature of the substrate.

e Potential Term: The expression V(¥) = \g(|¥|? — ®2)? describes the self-interaction energy
of the field. It has the characteristic "Mexican hat" shape, structurally identical to the Higgs
potential, but its interpretation is diametrically different. The potential’s minimum at |¥| = ®
has a deep, geometric meaning: the lowest energy state—the vacuum—is not empty (|¥| = 0), but
is filled with the Phason Field at a constant amplitude equal to the golden ratio. The vacuum
itself thus possesses a fundamental, internal geometric structure that "stiffens" geometry and
gives rise to a stable spacetime.

Applying the principle of least action and the FEuler-Lagrange equations to the postulated Lagrangian
leads to the fundamental equation of motion for the Phason Field, called the Phason Equation:

D3 (neDGW) + 22 ¥ (|¥]? — &%) =0 (3)

This is a highly nonlinear, variable-order fractional partial differential equation that describes the
complete, unified dynamics of the spacetime substrate. Due to its nonlinearity and the structure of its
potential, this equation belongs to the class of generalized Klein-Gordon equations, which are known
to admit the existence of stable, localized, particle-like solutions called solitons.

2.2 Differential Calculus for Fractal Geometry: The Golden Fractional Derivative

The most innovative mathematical element of the hypothesis is the Golden Fractional Derivative
operator, Dg. It is a tool designed to describe dynamics on a non-differentiable, fractal substrate,
where standard integer-order derivatives lose their meaning. Fractional calculus, which generalizes the
concept of differentiation to non-integer orders, is the natural mathematical language for such systems.
The hypothesis introduces the concept of a variable-order fractional derivative. This means that the
order of the derivative, «, is not a constant but is dynamically determined by the internal state of the
substrate itself—specifically, by the phase of the Phason Field, ©. The postulated functional form for
this dependence is periodic and designed to realize the physical assumptions of the theory:

(C]

a(0) =2+ (Dy — 2)sin’ <7T) (4)
Oo

where Dy is a constant representing the maximum fractal dimension of spacetime (it is expected that

D¢ > 2), and O is a characteristic phase period. This function smoothly interpolates between two

physically significant limits:

e Smooth (Classical) Limit, o — 2: When the phase © is an integer multiple of Og, the
argument of the sine function is a multiple of 7, and thus sin2(-) = 0. In this case, the order
of the derivative is exactly 2, and the operator Dg reduces to the standard, local d’Alembert
operator [J = 9,0". This corresponds to smooth, local, and classical dynamics, consistent with
GTR.



e Fractal (Quantum) Limit, « — Dy: When the phase O is a half-integer multiple of O, the
argument of the sine function is a half-integer multiple of 7, and thus sin?(-) = 1. The order
of the derivative reaches its maximum value Dy. In these regions, the dynamics become highly
nonlocal, with memory effects, which is characteristic of fractal media and quantum phenomena.

2.3 Dynamic Causality and Emergent Nonlocality

The introduction of a variable-order derivative, dependent on the state of the field itself, leads to one of
the most radical and profound consequences of the hypothesis: the concept of dynamic causality and
a self-regulating feedback loop that governs the nature of reality itself. In standard physics, the causal
structure is rigid and given a priori, defined by the immutable light cone. The differential operator is a
constant, passive element of the mathematical background. In the Golden K Hypothesis, the situation
changes dramatically. Fractional derivatives are inherently nonlocal (integral) operators; the value of
the derivative at a given point depends on the history of the function over the entire preceding interval.
The introduction of a variable order «(©) means that the degree of this nonlocality is not constant
but changes depending on the local oscillatory state of the field W. This creates a feedback loop:

1. The local oscillatory state of the substrate (represented by the phase ©) determines the nature
of the local laws of physics (by setting the value of the derivative order «).

2. The local laws of physics (represented by the operator D§) govern the evolution of the Phason
Field, including changes in its phase ©.

3. The change in phase O, in turn, affects the value of «, closing the loop.

This self-regulating mechanism is of fundamental importance. It means that the transition from the
quantum to the classical world is not the result of an external process, such as decoherence caused
by interaction with the environment, but is an internal, emergent property of spacetime geometry
itself. Classicality emerges in regions where the fundamental oscillations of the substrate are in phase
(coherent, o — 2), while quantumness dominates where they are in antiphase (incoherent, « — Dy).

Moreover, this offers a revolutionary, geometric explanation for quantum nonlocality and entangle-
ment. FEntangled particles do not interact "spookily at a distance" through some mysterious, super-
luminal communication. They exist in a region of the substrate where the very definition of locality
and separation is fundamentally different, governed by a strongly nonlocal differential operator. Their
apparent correlation is, in fact, a manifestation of the innate, geometric unity of the substrate in that
region. "Spooky action" becomes "spooky geometry."

3 The Emergence of the Physical World

3.1 Gravity as a Hydrodynamic Phenomenon

Within the Golden K Hypothesis, gravity is not a fundamental force or a primary property of geometry,
but a macroscopic, emergent phenomenon resulting from the dynamics of the Phason Field’s amplitude,
R(x*). This approach places the theory in the stream of induced gravity, pioneered by Andrei Sakharov,
and the thermodynamics of spacetime by Ted Jacobson. The mechanism is as follows: the presence
of matter, which in this theory is a localized, high-energy soliton, perturbs the surrounding Phason
Field, creating a gradient in its amplitude R(z"). Around a massive object, the substrate becomes
"denser" (the value of R is larger). A test particle moving in such a gradient naturally follows a
curved trajectory, tending towards areas of different geometric "density." In the macroscopic limit,
when we average over many rapid oscillations of the quantum phase O, this complex dynamic becomes
mathematically indistinguishable from the motion of a particle along a geodesic in a smooth, curved
Riemannian manifold. The effective energy-momentum tensor of the Phason Field itself, T}, (¥), acts
as the source of this effective curvature, which in the classical limit leads to the emergent Einstein
Field Equations: G, = (const.) - T),,(¥). In this view, the Einstein equation is not a fundamental
law but an equation of state for the spacetime substrate, analogous to the equations of hydrodynamics
describing fluid flow.



3.2 Quantum Mechanics as a Consequence of Geometry

Like gravity, quantum phenomena also emerge from the fundamental nature of spacetime, rather than
being imposed by an external set of postulates. The key here is the fractal and non-differentiable
geometry of the substrate, which is a consequence of the dynamics of the Phason Field’s phase ©.
As demonstrated by Laurent Nottale, the equation of geodesics in a fractal space naturally takes
the form of the Schréodinger equation. In the Golden K Hypothesis, fractality is not an assumption
but a dynamic consequence of the Phason Field’s evolution. This approach offers direct, geometric
interpretations for fundamental quantum concepts:

e Wave Function v: The complex wave function of a particle is physically identified with the
Phason Field V¥ itself in the vicinity of the resonance (soliton) representing the particle.

e Born Rule P(x) = |¢(z)[?: The probability of finding a particle at a given location is simply
proportional to the intensity of the geometric oscillations of the substrate at that point, i.e.,

W (@) = R(x).

e Feynman’s Path Integral: This is not a mathematical abstraction but a literal description of
reality. A field excitation (soliton) propagates by exploring all available geometric paths in the
quasicrystalline substrate, and the observed final state is the result of the physical interference
of all these paths.

A striking confirmation of this concept is the analogy to the hydrodynamics of pilot waves, observed
in experiments with "walking droplets." In these systems, an oil droplet bouncing on a vibrating
liquid surface generates a wave, which in turn guides (pilots) the droplet’s motion. This macroscopic,
classical system exhibits astonishing, quantum-like behaviors, such as orbit quantization, tunneling,
and diffraction. The equation of motion for the droplet is an integro-differential equation that includes
a "memory" term:

mi(t) = =VV — i + 3 /_ t e~ NI (), (1)) dt (5)

This integral term, representing the influence of the droplet’s past positions on its current motion via
the wave field, is a direct analogue of the nonlocal nature of the fractional derivative in the Golden K
Hypothesis. Moreover, statistical analysis of these systems shows convergence to Bohmian mechanics,
and some models suggest that the coupling parameter § is related to the golden ratio, 8 = ® 1.
This analogy is not merely an illustration; it suggests that pilot-wave hydrodynamics could serve as a
controllable, mesoscopic platform for testing and modeling the emergent quantum sector of the Golden
K Hypothesis, bridging the gap between abstract theory and laboratory experiment.

3.3 Particles as Topological Solitons

Within the hypothesis, elementary particles are not fundamental, point-like entities, but emergent,
topologically stable, self-sustaining excitations (resonances) of the Phason Field, i.e., solitons. Their
physical properties are identified with the collective properties of these solutions: mass with the total
energy, charges and quantum numbers with topological invariants (such as winding number), and
stability with the topological stability of the soliton, which prevents it from simply dissipating. Such a
picture naturally resolves the ontological puzzle of wave-particle duality. A soliton is simultaneously a
localized, particle-like object (a corpuscle) and a collective excitation extending throughout the field (a
wave). These two aspects are no longer contradictory descriptions but two sides of the same coin—the
unified nature of the solitonic excitation of the Phason Field.

4 Dynamic Conclusions: Status and Potential of the Golden K Hy-
pothesis

The Golden K Hypothesis presents a bold, elegant, and internally coherent vision of unified physics,
based on deep geometric and informational principles. It replaces a scattered collection of particles,



forces, constants, and postulates with an emergent reality, governed by a single field and a single
fundamental principle of geometric harmony. Its greatest strength is its enormous explanatory potential
and conceptual simplicity. It offers ontological explanations for the deepest mysteries of physics: the
nature of time and space, the origin of quantum mechanics, wave-particle duality, the role of complex
numbers in physics, and above all—the puzzle of the three generations of fermions. Its foundations,
though radical, are logically coherent, and the postulates follow from one another in a way that gives
the theory remarkable integrity. At the same time, the hypothesis is more than just a philosophical
construct. By generating con crete, falsifiable predictions, it enters the domain of empirical science. A
clearly defined experimental program, encompassing precise cosmological, laboratory, and accelerator
measurements, provides a clear path to its confirmation or refutation. Although the hypothesis remains
highly speculative and faces a tremendous amount of theoretical work, the convergence of clues—from
intriguing anomalies in observational data, through analogies with hydrodynamics, to astonishingly
accurate numerical predic tions for fundamental constants—suggests that it cannot be dismissed. As
an intellectual provocation and a source of new, powerful ideas, the Golden K Hypothesis is a valuable
and inspiring contribu tion to the unending search for a fundamental theory of everything. If even
a part of its bold claims withstands the test of time and experiment, we may be on the verge of a
fundamental shift in our understanding of spacetime, matter, and information, discovering that the
mathematics of the golden ratio is indeed the universal language in which the code of the universe is
written
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