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Abstract

Shaking Tangled Dimensions (TD) is a geometric and stochastic framework that seeks to unify
particle physics, gravitation, and quantum behavior through a discrete, Planck-scale lattice of
interconnected cores. Each core contains three spatial, three electrical, and three dark
dimensions, whose local overlaps, bends, twists, and cross-connections are proposed to generate
the observed structure of spacetime, particle properties, and force-like interactions. In this
picture, fundamental particles arise as localized dimensional kinks and misconnections rather
than as point-like objects existing independently of the lattice.

Within TD, gravity is associated with the overlap volume and angular inclination of the spatial
dimensions relative to a central reference point, while time is tied to local lattice update
dynamics. Electromagnetic behavior emerges from the bending and twisting of the electrical
dimensions, and photons, neutrino oscillations, spin, and several particle-family features are
reinterpreted within the same geometric setting. Quantum uncertainty is attributed to continual
Planck-scale lattice oscillations, providing a possible microphysical basis for the contingent
ingredient in Barandes’ stochastic-quantum correspondence. Dark matter is treated primarily as a
weakly self-ordering population of dark-dimensional kinks that contributes gravitationally
through its effect on neighboring spatial overlap while remaining largely non-dissipative in the
present cosmological epoch.

Taken together, these ideas present TD as a developing candidate framework in which the
phenomena normally assigned to separate formalisms may instead reflect different aspects of one
underlying dimensional substrate. The model remains exploratory, but it offers a unified
geometric program for relating spacetime structure, quantum contingency, particle behavior, and
dark matter within a single lattice-based picture.

Introduction

The search for a framework that can relate the particles, forces, and spacetime structure of the
universe within a single picture remains one of the central challenges of modern physics.
Quantum mechanics and general relativity are both extraordinarily successful within their
domains, yet their underlying descriptions of reality are very different. Shaking Tangled
Dimensions (TD) is offered as a developing geometric framework that attempts to address that
divide by modeling physical reality as a discrete, Planck-scale lattice of interconnected cores.

In TD, dimensions are not treated as passive bookkeeping coordinates. Rather, they are taken to
be physically active ingredients of the world. Even the idea of “nothing” is not truly
dimensionless, since any meaningful description of extension, separation, or change already
presupposes dimensional structure. The model therefore begins with the proposal that the
universe is built from intersecting cores, each containing three spatial, three electrical, and three
dark dimensions. These cores connect to neighboring cores to form a quantized lattice that
underlies spacetime and the physical processes occurring within it.

Within this picture, gravity is associated with the geometric overlap and angular inclination of
the spatial dimensions relative to a central reference point, while time is tied to the local update



behavior of the lattice. Electromagnetic behavior is associated with the bending and twisting of
the electrical dimensions, and fundamental particles are interpreted not as isolated point-like
objects, but as localized kinks, twists, or cross-connections in the dimensional network. In this
way, TD seeks to recast a range of familiar physical phenomena as different expressions of one
underlying geometric substrate.

The aim of the model is not merely to replace existing terminology with new terminology, but to
provide a common structural language for topics that are usually treated separately. Accordingly,
the discussion that follows examines how TD bears on relativity, quantum uncertainty, spin,
neutrino oscillations, the particle families, the Higgs particle, dark matter, and the strong and
weak interactions. Some parts of the framework are more developed than others, and several
sections should be regarded as conceptual scaffolding rather than finished derivations. Even so,
the model is intended to show how a single lattice-based ontology may offer a more unified way
to think about both microscopic and macroscopic physics.

A central feature of the present version of TD is the proposal that quantum uncertainty reflects
continual Planck-scale oscillatory behavior of the core lattice. In this view, probabilistic quantum
behavior does not arise from fundamental acausality at the deepest level, but from the contingent
effects of an underlying discrete and dynamically shaking substrate. This same stochastic
element is also used in the model to motivate the present treatment of dark matter as a weakly
self-ordering population of dark-dimensional kinks that contributes gravitationally while
remaining largely non-dissipative in the current cosmological epoch.

The ideas presented here were developed independently, but they resonate in a useful way with
Barandes’ stochastic-quantum correspondence [1]. Barandes shows that stochastic dynamics of
the appropriate kind can be recast in Hilbert-space form. TD does not derive that
correspondence, but it proposes a possible physical origin for the contingent ingredient through
the continual oscillations of the core lattice. In that sense, TD may be viewed as a geometric
attempt to supply microphysical content to a broader stochastic picture of quantum behavior.

This work may also provide a physical interpretation for some of the assumption and open
problems of a Nelson-like stochastic framework, this is discussed further in Appendix H.
Nelson’s stochastic mechanics [2] showed that the Schrodinger equation can be obtained from a
stochastic modification of classical particle physics.

The sections that follow develop the basic structure of the model and then apply it to increasingly
specific physical questions. The goal is not to claim that every issue has been resolved, but to
present a coherent and testable geometric research program in which spacetime structure, particle
behavior, quantum contingency, and dark matter may be understood as related aspects of the
same underlying lattice.



Foundations of the Tangled Dimensions model

Tangled Dimensions introduces a radical departure from traditional views of space and time,
proposing that the universe is composed of Planck-scale intersecting dimensions, termed cores.
These cores interact at their points of intersection, forming a quantized lattice that underpins the
fabric of spacetime. This section outlines the fundamental principles of the model and provides
the conceptual framework for understanding its implications.

Dimensional intersections and cores PN
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As a mental aid, Figure 1 illustrates the structure of a core. Each circle in the figure represents a
dimensional end, indicating where neighboring cores connect. In flat space these dimensional
ends (the circles) are depicted as merely touching each other. In non-flat space, the circles
overlap, and the degree of overlap indicates the curvature of space. This representation helps
illustrate how changes in the connections between dimensions can lead to variations in space
curvature.

Quantized lattice structure

In TD, all the dimensions of the cores are connected to the corresponding dimensions of the
neighboring cores, thus forming a cubic lattice. Each ‘cube’ in this lattice comprises spatial,
electric, and dark dimensions, all interlinked with neighboring cores. This interconnected
structure establishes a coherent framework for the fabric of spacetime. The central yellow circle
(C) is not actually present, it denotes the core’s central reference point used for angular relations.

The resulting quantized lattice provides a discrete, pixelated structure for spacetime. This means
that space is not continuous, but is instead made up of distinct units, much like the individual
pixels that make up a digital image on a screen. Each unit or ‘pixel’ represents a core with its
own set of dimensions, contributing to the overall structure. This quantized nature of spacetime
leads to inherent uncertainty and variations at extremely small scales aligning with the principles
of quantum mechanics. Just as the resolution of a digital image is limited by the size of its pixels,
the resolution of spacetime is limited by the size of these fundamental units. This introduces a
natural limit to how precisely we can measure or observe phenomena at the quantum level,
reflecting the inherent uncertainty described by the Heisenberg uncertainty principle.



Dimensional overlap

In TD, the idea of dimensional overlap is crucial to understanding how the universe functions.
The presence of each dimension within the others allows for their interaction. This ‘presence’
acts as a universal constant that influences these interactions. This interaction zone or presence
holds one of the keys to understanding the fundamental constants and ‘free parameters’ that have
long puzzled physicists. By defining the scale and units of our universe, this zone of interaction
transforms the abstract concept of ‘nothing’ into a structured, interconnected network of cores.

The energy within each core is directly determined by the overlap among these dimensions. This
overlapping architecture shapes our very notion of ‘space.’ In conditions devoid of gravitational
or electromagnetic influences, these dimensions maintain orthogonality, without additional
overlapping above the minimum. When the dimensions are not orthogonal to each other the
overlap volume is altered, resulting in the physical phenomenon observed in our Universe. Of
particular interest is when the spatial dimensions converge completely with each other, this
results in a Planck mass, this extreme density is the hallmark of a black hole.

Dimensional rotations

In TD, the dynamics of cores become even more complex near rotating black holes. Here, the
spatial dimensions exhibit rotational motion around C. This rotation alters the spatial structure
and impacts the gravitational field generated by the black hole. Similarly, electric and magnetic
fields influence the orientation of the electrical dimensions within the cores. In the presence of an
electric field, the electrical dimensions tilt towards or away from C. These tilt or bend angles
result in the electromagnetic field. In a magnetic field, the electrical dimensions exhibit
rotational movement around C. This rotation is akin to the spatial dimensions' behavior near
rotating black holes but occurs in the context of electromagnetic interactions. This rotational
movement of the electrical dimensions ensures that magnetic fields always form closed loops
providing a natural explanation for the absence of magnetic monopoles. This geometric
interpretation yields a direct correspondence to the electromagnetic field tensor, discussed later
in the Electromagnetic Field Tensor section.

The start: The genesis of time and action

In the nascent stages of the universe, the concept of time as we understand it had not yet been
initiated. The cores existed in a state of disconnection and misalignment, floating in a sort of
cosmic limbo. This state represented an inherently low, likely the lowest possible, entropy
condition, with every possible orientation of the dimensions relative to each other 'filed' within
the dimensions of the cores. This initial chaotic assembly of 'unaligned' and 'unconnected' cores
characterized the early universe. The pivotal moment occurred when these cores began to
establish connections with their neighboring counterparts, an event designated as 'time zero.' This
event, marking the connection of dimensions, represents the onset of time and the universe's
transition from a nascent state of potential to one of dynamic action.

The alignment of the cores' dimensions involved monumental energy shifts. Unaligned
dimensions inherently possess higher energy states, and their transition to alignment released



vast amounts of energy. This phase can be likened to a cosmic 'hyperinflation,' particularly
evident as the spatial dimensions began to connect and weave the fabric of space. This document
will not delve deeply into these tumultuous early phases of the universe. Instead, the focus will
be on exploring the universe as it exists today, having 'cooled off' and settled into a more stable
and structured state. This exploration will reveal how the principles laid out in the TD model
manifest in the current cosmological and physical phenomena we observe today. The expansion
of space is discussed in appendix C.

Time and gravity

The TD model presents a different interpretation of the relationship between time and gravity
within the fabric of spacetime. In TD, the flow of time is intrinsically tied to the orientation of
spatial dimensions relative to C, which serves as a temporal anchor. How much these spatial
dimensions tilt toward C determines the pace at which time flows in that area. In regions where
the spatial dimensions are perpendicular to C (no gravity), there is minimal overlap between the
spatial dimensions. In gravitational wells the overlapping volume of the spatial dimensions is
larger. Because updating larger overlap volumes is less efficient, time moves more slowly in
gravitational wells. This concept is key to understanding the geometric basis of time dilation: as
objects approach massive bodies, the spatial dimensions are tilted more steeply toward C,
causing time to slow down - something we can easily observe near black holes and other regions
with intense gravitational fields. To an external observer viewing a gravitational well the
dimensions no longer appear perpendicular and light travels slower.

The smallest unit of time is defined by the Planck time, marking the interval at which the system
updates. During each update, the dimensions’ angles of the cores with their neighbors are
compared, the ‘time’ this occurs over is influenced by the overlap volume of the spatial
dimensions. This is akin to the effect of a refractive index in optics, wherein the speed of light
reflects the Planck length divided by the Planck time. Since atomic clocks update based on this
speed of light, all clocks effectively measure time through this fundamental relationship.

Consider a photon, a packet of energy traveling through space, its wavelength dictated by the
distance over which its energy is spread. As it enters a gravitational well, the photon encounters
an expanding volume of overlap, leading to a reduction in its wavelength and a corresponding
increase in energy. This is due to the leading edge of the photon experiencing this increased
update volume before the back end of the photon. The reverse occurs as the photon exits.

Figure 2 serves as a mental guide to understanding the orientation of cores under different
conditions. For simplicity, only the positive ends of the spatial dimensions and C are depicted.
The rules for this mental aid are as follows: when a force such as gravity or acceleration acts on
the dimensions, the dimensions in the direction of the applied force angle towards (or away)
from C (represented by the translucent yellow circle).

Figure 2 illustrates how cores appear under different conditions:

- 2a: Flat space.

- 2b: Constant velocity or in a gravitational field (not accelerating).

- 2c: Large force in the X direction at the moment of force application.



- 2d: Force in the X direction with velocity in some direction (or a force between Z and Y).
- 2e: Force in the X direction acting to slow the current velocity (or a force between Z and Y).
- 2f: Velocity at light speed or at the Schwarzschild radius of a black hole.

Fig. 2 Cores under different conditions

This mental aid is not clear in some cases, for example, 2d could represent a force in the X
direction or a negative force between the Y and Z direction. When force is being applied, it is not
a static situation; things are changing or trying to change.

In flat space the circles just touch, as the dimensional bend angle changes, the circles begin to
overlap. When there is constant velocity, the overlap between the three spatial dimensions
remains equal. When a force is applied, the dimensions in the direction of the force tilt towards
or away from C, causing the other spatial dimensions to adjust their angles to ensure the new
‘volume’ is equally shared among them. This process continues as long as the force is being
applied, translating force into motion.

For a massive non-freely-falling body in a gravitational well, (a non-inertial frame) the spatial
dimensions of the object's cores still adjust to equalize the volume they share in response to a
force. For any extended object, this results in an overlap gradient corresponding to the
gravitational field. Since the rate of time is determined by this overlap, a gradient in the rate of
time emerges, which is the true source of gravitational force. Thus, within this framework,
gravity emerges as a consequence of variations in the rate of time. Additionally, in TD, quantum
gravity emerges naturally from the interactions and overlaps of the spatial, electrical, and
possibly the dark dimensions within the lattice-like structure of the universe.

For readers familiar with general relativity: you can read the Tangled Dimension ‘local tick rate’
(how fast a core updates) as playing the role of the lapse; any drift in allowed core-to-core
moves as the shift; and the way neighboring spatial dimensions overlap as shaping an effective
spatial geometry. In short: ticks look lapse-like, drift shift-like, and overlap metric-like.

Motion in the Tangled Dimensions model

In TD, motion is not typically described as the physical movement of cores. Instead, it involves
changes in the angles or ‘tangles’ within the dimensions. This interpretation allows us to examine
objects in motion without requiring the literal displacement of cores themselves.

To illustrate acceleration, see Figure 2. Imagine a small ‘test mass’ whose own gravity is
negligible. At rest (Fig. 2a), its cores have equal overlaps across spatial dimensions (2a, 2b, 2f).
Under acceleration along X, the X-dimension tilts toward C (2c—2e).



This approach to acceleration is consistent with the equivalence principle, emphasizing the
indistinguishability between the effects of acceleration and gravitational forces. An inertial frame
is characterized by the equal alignment of all spatial dimensions relative to C (equal overlaps),
without any gradients or differences in overlap among neighboring cores. In contrast, the
presence of acceleration or a gravitational field results in a gradient in these overlaps,
distinguishing such frames from inertial ones.

Even in the absence of gravitational forces, a residual ‘zero-point’ energy remains due to the
inherent overlap of the orthogonal dimensions, suggesting the presence of a pervasive form of
dark energy within every core. The oscillation of the dimensions is in addition to that energy.

There are, however, exceptions to the general immobility of cores, such as during the addition of
mass to a black hole.

Black holes: The extremes of density and space

In TD, just as there exists a maximum velocity, there is also a maximum density per core, the
Planck density (Planck mass ‘m,’ per core). Such extreme density is achieved when the spatial
dimensions fully overlap. At this point of complete overlap, the spatial dimensions no longer
restrict the untangling of the electric dimensions. Despite this intense concentration of mass,
each core that has collapsed into the black hole maintains its connections to the other cores of the
universe.
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Fig. 3 Cores at different depth inside a black hole

The behavior of space inside black holes is markedly different from 'normal' space, characterized
by overlapping spatial dimensions among cores. Figure 3 illustrates this concept, with Figure 3a
showing a core at the Schwarzschild radius, and the remaining figures showing cores
progressively deeper into the black hole.

Each core that is fully collapsed into the black hole grows the surface area of the black hole. The
Schwarzschild Area (4s) of a black hole is given by
AS = 47'[112)(2711'”)2

where /, is the Planck length and #n;, represents the number of cores that have collapsed into the
black hole. The term (2#:,)> denotes the number of area elements, each a Planck sphere area
(47l,%), on the black hole's surface. The Schwarzschild radius (Ry) is given by

RS = Zninlp

This formula can be transformed into the more familiar expression Rs=2GM / ¢? by substituting
I, = Gmylc* and defining m,, - ni, as M, the total mass of the black hole.



Singularities indicate that our theories may be incomplete. Contrary to the traditional view of
black holes as singularities, in this model, a black hole is conceptualized as a single core 'volume
containing all the collapsed cores (7:,) that constitute its mass. This perspective provides a new
interpretation of black holes, viewing them not as points of infinite density but as a vast number
of cores with their spatial dimension all collapsed into each other.

'

Physicists may have inadvertently gotten into a bad habit when they started setting G, ¢, and #
equal to 1, instead it is proposed we use the Planck’s units as our standard units effectively
removing G, c, and /. Viewing the Einstein field equations through this lens reveals the interplay
between energy and length more clearly.

1
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Gravitational waves in the Tangled Dimensions model

In TD, gravitational waves are conceptualized as ripples that propagate through the quantized
lattice of spatial dimensions, represented by the cores. Unlike classical general relativity, where
gravitational waves are continuous distortions in the fabric of spacetime, the TD framework
offers a discrete perspective: gravitational waves are fluctuations that result in collective,
dynamic shifts of the cores and their angular orientations.

The propagation of gravitational waves within this model involves the continuous realignment of
spatial and electrical dimensions, with each core shifting in response to the wavefront passing
through it. The speed at which gravitational waves move is determined by the efficiency with
which these shifts are transmitted from core to core, which aligns with the speed of light as
predicted by general relativity. The energy of the gravitational waves is carried by the dynamic
changes in the overlaps between spatial dimensions as the wave passes through the lattice.

One key implication of this model is that the quantized nature of the cores may lead to slight
deviations from the purely continuous predictions of general relativity. At extremely small scales,
gravitational waves might exhibit behaviors that reflect the discrete structure of the underlying
lattice, potentially providing new insights into quantum gravitational effects that could be
observable in high-precision experiments.

Bridging Tangled Dimensions with Special & General Relativity

TD is specifically designed to satisfy the foundational postulates of both Special and General
Relativity, ensuring its principles align with established physics in contexts where relativity is
accurately predictive, particularly outside the quantum realm.

1. Principle of relativity: Which states that the laws of physics are consistent across all inertial
frames of reference. In TD, an inertial frame is characterized by a region of uniform spatial
angles. The extent of overlap of the dimensions is indiscernible without an external reference.
Figures 2a and 2b exemplify cores perceived as ‘at rest” and ‘in motion,’ respectively, illustrating
that observers in either scenario could consider themselves stationary, in alignment with this
principle.



2. Constancy of the speed of light: Which asserts that the speed of light in a vacuum remains
constant, unaffected by the motion of the source or observer. TD encapsulates this constancy
through the local measurement of the Planck length divided by the Planck time. While the Planck
time and length may vary, their ratio, the speed of light remains invariant.

3. Equivalence principle: Which posits that there is no distinguishable difference between the
effects of gravitational forces and the pseudo-forces experienced in accelerating frames of
reference. The model inherently incorporates this principle, with cores responding identically
under gravitational influence or acceleration.

4. General covariance: This maintains that the laws of physics apply universally, regardless of
an observer's velocity or position in spacetime. TD inherently adheres to this principle, ensuring
that the behavior of cores, and thus the laws governing them remain consistent across all
velocities and positions in spacetime where the principles of Special and General Relativity are
applicable.

By inherently satisfying these postulates, TD not only aligns with but reinforces the principles of
Special and General Relativity. This alignment suggests that in scenarios where relativity
provides accurate predictions, outside the quantum scale, TD will yield congruent results,
offering a unified framework that bridges the macroscopic laws of relativity with the microscopic
dynamics of quantum mechanics.

Gravitational and electric forces: Quantization
In TD, the fabric of space itself is inherently quantized, a feature that extends to the electric
dimensions. This quantization is evident from the equations governing gravitational and electric

forces, highlighting a distinct characteristic of electric dimensions within the model's framework.

Consider the following expressions for gravitational and electric forces:

o GM M Ep (Mmpan NN
- Gravitational force: F; = ——2 = —p( mlzmz) =F, (—mlzmz)
r lp ny ny

2
. E
- Electric force: Fy = — 4% = (3) —p(nLT;CZ) = aF, (nc:l#)
z
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In these equations nc;*e = Q1, my, - nm; = M, a. is the fine-structure constant, and n,” =
n+n,>+n.>. The formulation of the electric force reveals an intrinsic quantization, given that 7.1,
ne, nx, 1y, and n; are integers, and both the fine-structure constant (o) and the Planck force (F))
are constants. This quantization is a direct consequence of the model's discrete nature,
contrasting with gravitational force, where total mass may include fractional Planck masses.

This fundamental distinction underscores the unique role of electric dimensions in the TD model.
Unlike the gravitational force, which can be derived from the continuous mass distribution, the
electric force's quantization reflects the discrete structure of space and the inherent quantization
of electric charges. This leads to a nuanced understanding of electric interactions, rooted in the



model's quantized framework, and sets the stage for an exploration of the electric dimensions'
role in governing the forces and interactions that shape our universe.

Notably, in this view the electric force is weaker than the gravitational force by the value of
the fine-structure constant (o) for equalized Planck counts, i.e. when #,; * mm2 = ner - neo.

Fundamental particles: The role of electrical dimensions

A central aspect of the Tangled Dimensions model is the behavior of the electrical dimensions
within each core, which can have localized features known as kinks. Before the onset of time the
dimensions within each core were unaligned and disconnected, existing at arbitrary angles. At
time zero, the spatial dimensions connected, attempting to establish a structured lattice amidst
this initial chaotic state. This connection triggered the electrical dimensions to align with their
neighbors, averaging out angular discrepancies. Despite this alignment process, residual
misalignments, referred to as kinks, remain. These kinks are stable, quantized deviations that
represent localized angular differences in the electrical dimensions, each carrying a charge
equivalent to one-third of the electron's charge. They are remnants of the original arbitrary angles
and play a crucial role in forming fundamental particles and determining their properties. Kinks
provide a discrete and dynamic framework that aligns with the observed behavior of particles
and the emergence of forces in the universe.

The presence, absence, and specific characteristics of these kinks within the electrical
dimensions give rise to the variety of fundamental particles observed in the universe. Each kink's
unique properties, its polarity and its position within the electrical dimensions, are key in
determining the behavior and nature of these particles. This approach provides a unified and
elegant framework for understanding the diverse array of fundamental particles that make up the
fabric of our universe.

The electron: a core of negative kinks

In this model, the electron is represented by a core where all three electrical dimensions possess
a negative kink. These kinks within the electrical dimensions induce a change in the bend angle
of the spatial dimensions, which in turn results in the mass of the electron. Mass generation is
discussed in Appendix E. This relationship between the kinks and the spatial dimensions is a key
aspect of how mass is conceptualized in this framework. Figure 4 illustrates this concept, with
the direction of the arrows indicating the polarity of the kinks in each dimension.

Lepton/Dimensions | Ei | Ej | Ek | Charge
Anti-Electron Ol RO +1
Electron HREEE -1

Fig. 4 Electron and anti-electron configuration

Up and down quarks: the building blocks of matter

The up and down quarks are characterized by charges of +2/3 and -1/3, respectively. These
quarks are further distinguished by their 'color' properties, existing in three varieties: red, green,
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and blue. In the following figures the presence of kinks in the electrical dimensions is denoted by
arrows and their absence by dashes, this determines the specific type of quark.

Quark/color Red Green Blue Charge
Dimension Ei Ej Ek Ei Ej Ek Ei Ej Ek

Down ) - - - - - - -1/3

Anti-Down ) - - - ) - - - ) +1/3

Up - OO ) - O RO - +2/3

Anti-Up - b V]l - b1y - -2/3

Fig. 5 Configuration of up and down quarks

Protons are formed from two up quarks and one down quark, while neutrons consist of one up
quark and two down quarks. Both protons and neutrons are color neutral, meaning they contain
one quark of each color. Figure 6 demonstrates how they combine to form colorless neutrons and
protons. The strong force reveals itself here with the dimensionally balanced electric fields.
Colorless here means the quark combinations have dimensionally balanced electrical kinks.

Neutron Neutron Neutron
Blue Up r - Blue Down - - Blue Down - -
Green Down -4 - Green Up r- 1 Green Up - -
Red Down b - - Red Down b - - Red Up -1t
Proton Proton Proton
Blue Up r - Blue Up r - Blue Down - -
Green Up T- 1 Green Down -4 - Green Up T- 1
Red Down b - - Red Up -1t Red Up -1t
(O (O (O

Fig. 6 Protons and neutrons

The photon: kinks at light speed

Scientists have long debated whether light, as a photon, behaves like a wave or a particle or both.
This model’s treatment of the photon helps explain this behavior. In TD, a photon is
conceptualized as being composed of two kinks: a negative kink (down quark) and its
counterpart, a positive kink (anti-down quark). These kinks are in a perpetual chase, moving at
the speed of light. The energy of a photon is determined by the distance between these two kinks.
This distance-energy relationship is quantified as:

By = () By, with A = 2my,

Where n, represents the number of cores separating the two kinks within the photon and E,, is the
Planck energy. This sets the photon energy in terms of the kink separation.
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End View
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Side View
Linear polarization Circular polarization
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Fig. 7 Photon End and side views showing linearly, elliptically, and circularly polarized light.
Photon Polarization

Figure 7 shows the photon polarization and extended structure in the TD model. The end views
illustrate linear, elliptical, and circular polarization as different relative orientations of the two
constituent kinks in the electrical dimensions, as inferred from their motion through the spatial
lattice. The side views emphasize that the photon is an extended two-kink structure rather than a
point-like object. For circular polarization, the apparent rotation seen at a fixed spatial location
arises from the changing orientation of the connecting electrical structure along the photon’s
length as successive portions of the photon pass by, rather than from a literal rotation of the
traveling kinks themselves. The different side-view separations also indicate that photon energy
depends on the kink separation, with smaller separation corresponding to higher energy. Either
polarity of kink can lead.

The polarization of a photon is defined by the relative orientation of its constituent kinks in the
electrical dimensions, as inferred from their motion through the spatial lattice. In the TD picture,
a photon is composed of kinks propagating within the electrical dimensions, while the spatial
dimensions record their motion through the lattice. The three sets of dimensions (spatial,
electrical, and dark) possess a relative configurational freedom: each set of three dimensions can
pivot as a group relative to the others while maintaining their internal structure. This pivot
freedom allows the electrical dimensions to rotate relative to the spatial dimensions and therefore
provides the geometric basis for the various polarization states of the photon.

This two-kink structure naturally reproduces the two transverse polarization degrees of freedom
observed for photons. Because the photon propagates in the electrical dimensions along a spatial
direction (for example the X direction), the relative orientation of the two kinks in the electrical
dimensions determines the polarization. If the two kinks are parallel to each other, the photon is
linearly polarized at some angle relative to the direction of spatial travel. If the relative
orientation of the two kinks in the electrical dimensions is orthogonal, the light is circularly
polarized. If the two kinks have an intermediate angular relation, the light is elliptically
polarized. In this way the TD model naturally restricts photon polarization to orientations
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transverse to the direction of propagation, consistent with the two polarization states predicted by
classical electromagnetism and quantum electrodynamics.

Because the photon contains two kinks separated along the propagation direction, the relative
phase between their orientations can evolve as the photon advances through successive cores.
This evolving phase provides a natural geometric interpretation of the phase associated with
electromagnetic waves.

In the TD model the photon is an extended structure composed of two kinks connected through
the electrical dimensions. When a circularly polarized photon passes a fixed spatial location, an
observer samples different portions of this extended structure sequentially. The leading kink
arrives first, followed by the connecting electrical structure and then the trailing kink. Because
the orientation of this connecting structure changes along the photon’s length, the observed
transverse orientation appears to rotate in time. Thus, the apparent rotation associated with
circular polarization arises from the spatial phase structure of the photon rather than from a
literal rotation of the kinks themselves.

This framework also offers a geometric way to understand the operation of polarizers. A
polarizer effectively selects photons whose kink orientations align with its allowed spatial
direction while suppressing those that do not. By conceptualizing the photon as a composite of
two traveling kinks, this model provides a different perspective on light and its polarization
properties, bridging the gap between particle-like and wave-like descriptions. This treatment of
the photon may also have implications for photon helicity, a topic that may warrant further
exploration.

Neutrino: a two-dimensional analogue of the photon

In this model, the neutrino is conceptualized as a two-dimensional analogue of the one-
dimensional photon. This approach introduces a new type of quarks, termed 'neutrino quarks,'
represented in Figure 8 is the first family, labeled nark and anark. Each neutrino quark is
characterized by a unique combination of kinks: one positive and one negative, with the third
electrical dimension remaining kink-free. Neutrinos in this model are formed by pairs of neutrino
quarks in electrical dimensionally balanced combinations. When it comes to the neutrino to keep
the color scheme consistent, neutrino-type quarks carry two colors, so that the W and Z particles
are color neutral.

End View Side View

- 1,
¢¢> 41/

Quark/color BG RB RG Charge
Dimension | Ei E E|E E E|E E E

Anark -y My - - 0

Nark R 2 O 0

Fig. 8 Configuration of neutrino quarks
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The neutrino is a composite of two parts which are anti to each other. This is similar to a neutral
pseudoscalar meson, which also consists of a particle-antiparticle pair and has negative parity.
The distinction of which quarks are antiparticles and which are particles loses some meaning in
the case of neutrinos quarks, and the neutrinos composed of them.

While a photon represents a disturbance in a single electrical dimension, a neutrino is a
disturbance across two electrical dimensions. This dual-dimensional disturbance renders the
neutrino electrically neutral, similar to a photon. However, unlike photons, each 'end' of the
neutrino is also electrically neutral, which significantly reduces its interaction with electric
dimensions/fields. This inherent electrical balance contributes to the elusive nature of neutrinos,
making them challenging to detect.

The neutrino quarks present a new phenomenon in that they have oppositely oriented kinks in the
electrical dimensions. The inherent 'twisted' nature of neutrinos in this model suggests a
susceptibility to flavor changes, this is discussed later in the Neutrino Oscillations section.

Our analogy suggests that the electron neutrino is massless, travels at the speed of light, and has
an energy determined by the proximity of its constituent quarks:

E, = (2")5
n — nn 14

Where n, is the number of cores between the two neutrino quarks.
Neutrinos and parity in the Tangled Dimensions model

In the realm of fundamental particles, neutrinos stand out with their unique characteristic of
negative parity. This distinctive feature has long been a subject of intrigue in particle physics, as
traditionally, only composite particles have exhibited negative parity. Within this model,
neutrinos are conceptualized not as solitary entities but as composite particles, which are akin to
a type of scalar mesons. Each neutrino is formed by the union of two distinct quarks, termed
'nark’ and 'anti-nark'. These quarks are characterized by their oppositely aligned kinks at each
end, they are antiparticles of each other, a configuration that naturally leads to the assignment of
negative parity to the neutrino. This portrayal of neutrinos as composite particles with inherent
negative parity aligns with observed phenomena in particle physics, providing a coherent
rationale for their unique parity status. The model's depiction of neutrinos as composites, rather
than singular particles, is a significant departure from conventional views and adds a new
dimension to our comprehension of these elusive particles.

W-, W+, and Z particles

Speaking of significant departures, in TD, the introduction of zark and anti-zark quarks is
essential for understanding the W-, W+, and Z bosons. These quarks, characterized by their
unique configuration of kinks within the electric dimensions, play a crucial role in the
composition and decay processes of these bosons. Figure 9 outlines the electric dimension
configurations for zark and anti-zark quarks.
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- Zark quarks: Characterized by two negative kinks and one positive kink across their electric
dimensions, zark quarks embody a distinctive imbalance in their electric charge distribution.

- Anti-zark quarks: Mirroring the zark, anti-zark quarks possess two positive kinks and one
negative kink, offering a complementary charge configuration.

Quark/Color Red Green Blue Charge
Dimension | Ei Ej Ek | Ei Ej Ek|Ei Fj Ek
Anti-Zark R R AR -1/3
Zark LT e i V1

Fig. 9 Zark and anti-zark quarks

In TD, the W and Z bosons arise as dimensionally balanced assemblies of quark-like kinks
confined in an electrical-dimensional well. Dimensional balance, not simple charge
bookkeeping, is the organizing principle; color neutrality in the Z/W constructions motivates the

assignment of two colors to neutrino-type quarks. The large effective masses of W/Z are

emergent from trapped-motion energy in the electrodimensional well (similar to a neutron and
proton); during weak decays the W~ typically appears as a transient, not a fully-formed on-shell
state in this geometric sense. (See Figure 10.)

Other combinations of quarks:

W- W- W- Z
Green anti-up -3 Red anti-up - J Blue anti-up J 4 - Red anti-zark Tyl
RB anti-nark -1 GB anti-nark -Jd 7 RG anti-nark I 1 - RG anti-nark J 1 -
Red anti-zark T Green antizark ™y Red anti-zark T Blue anti-down - - 4
A Ll A - - -

W- W- W- Z
Green anti-up J -0 Red anti-up -l Blue anti-up J - Red zark J1T™1
RB nark -0 GB nark -1t RG nark Ty - RG nark Ty -
Blue anti-zark J v 1 Blue anti-zark J 1 Green antizark |, 1 | Blue down - -
A Ll A - - -

Fig. 10 W- and Z particles

In the framework of TD not all conceivable combinations of quarks that yield dimensional
balanced charges of -1, 0, or +1 have been explicitly addressed. For instance, combinations like a
nark, an up, and an anti-up quark, which on the surface might seem viable for forming certain
particles, actually fall outside the permissible configurations as dictated by the model's
underlying principles. This observation leads to the formulation of a fundamental rule or natural
law within TD: Quarks with oppositely aligned kinks must pair in such a way that their opposing
alignments effectively neutralize each other. This principle not only validates the existence of
neutrinos, W-, W+, and Z particles but also precludes the formation of other potential
configurations, such as the aforementioned nark, up, and anti-up combination.
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The unstable second and third families: Cross-connections

In the aftermath of the Big Bang, the universe retained the potential for dimensional
misalignments or cross-connections. These occur when the ends of a dimension within a core
mistakenly connect to the wrong ends of neighboring cores. For example, the Ey-dimension may
connect to the Ez-dimension, and vice versa, within a core, as depicted in Figure 11a (with the
Ez direction going in and out of the page). The X inside the circle represents the Ez-direction
into the page, while the dot inside the circle represents out of the page. Such cross-connections
give rise to the second and third families of quarks. We are viewing this from the perspective of
the electrical dimension, not the spatial dimensions.

X X

—x|® 3
a b

Fig. 11 Cross connected cores
The second family, including the muon, charm, and strange quarks, is characterized by a single
cross that cross-connects two of the electrical dimensions. The third family, comprising the tau,
top, and bottom quarks, have all three electrical dimensions cross-connected, as shown in Figure
11b. Despite these cross-connections, the orientation of the kinks in the electrical dimensions
remains consistent across all families, mirroring the alignment seen in the first family of the
electron, up, and down quarks.

In this model, particles such as the electron, muon, and tau are reinterpreted as quarks, referred to
as electron-quark, muon-quark, and so forth. Essentially, any kink or cluster of kinks within a
single core is classified as a quark. This reclassification is visually represented in Figure 12. The
cross-connections in the second and third families lead to a twisting of the spatial dimensions,
which increases the overlap volume. Therefore, this twisting increases the mass of these families.
Mass generation is discussed in Appendix E. This model provides a natural explanation for the
existence of exactly three families of particles.

Matter and antimatter: The balance of the universe

In TD, as is obvious from early sections, antimatter quarks are conceptualized as matter quarks
with their kinks reversed. The predominance of matter over antimatter in the observable universe
remains a longstanding open question in physics. However, this model suggests a possible
resolution to this enigma, rooted in the initial conditions of the universe's formation. One
possible explanation involves the early universe having a net baseline state with an overall net
electrical 'value' that favored matter over antimatter. If the early universe had an electrical
imbalance, this could have subtly tipped the scales in favor of matter. Specifically, two of the
electrical dimensions might have had a net electrical charge of one polarity, while the third
dimension had a net charge of the opposite polarity. This primordial electrical bias, permeating
the universe, might have been the deciding factor that led to the dominance of matter as we
observe today.
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The quarks

Figure 12 shows the possible quarks in this model (not including dark matter). TD has five
quarks per family, counting the electron-like ones, with three possible color/configurations
corresponding to all the possible arrangements of electric kinks within a single core. The second
family mirrors the first with two electrical dimensions crossed, the third family has all three
electrical dimensions crossed. The existence of the higher families of the nark and zark type
quarks bears further investigation. There is also the possibility of a three-dimensional counterpart
to the photon and the neutrino formed from a zark and anti-zark. These areas need more
theoretical development.

© | © | ® |0 |0 | &
DOODVIBIDBEIBOUBLE
DOTDHIROE|D O ODO TR R
DOHT00RORBOTDO DR
DLOPHTR®BIBOTBRXTEH®

Fig. 12 The quarks
Quantum uncertainty: Bridging determinism and probability

In this model, the universe is envisioned as a lattice-like structure composed of oscillating
dimensions operating at the Planck-scale. This fundamental quantization introduces inherent
limitations in precisely defining physical quantities, especially at scales close to the Planck
length. At this microscopic level, spacetime becomes 'pixelated,' like a zoomed-in digital image,
where the tiny building blocks of the universe make it impossible to perfectly describe physical
phenomena. This is analogous to attempting to render a smooth curve using square pixels — the
finer details are inevitably lost.

Within this quantized framework, the conservation of fundamental quantities like energy and
angular momentum necessitates minute adjustments or transfers across all of the dimensions of
the lattice. These micro-adjustments, while small, introduce an element of randomness or
uncertainty at the quantum level. They represent the ongoing constant exchange of conserved
quantities among the various dimensions of the lattice.

Moreover, the lattice is subject to 'noise' from various cosmic backgrounds, including the cosmic
microwave background radiation, neutrino background, gravitational wave background, dark
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matter background, and a time-zero spatial-dimension connection background (residual spatial-
dimension oscillations). These cosmic influences add another layer of uncertainty, affecting the
behavior of particles and fields within the lattice. The cumulative effects of past cosmic events
and the ongoing evolution of the universe further contribute to this randomness, impacting the
current state and behavior of the lattice. The oscillation in the dimensions would resemble the
mainstream theoretical concept of a ‘quantum-foam’.

While the fundamental laws governing this model are deterministic, the practical realities of a
quantized spacetime introduce an element of unpredictability at small scales. The quantum
uncertainty in this model offers a natural explanation for the probabilistic outcomes seen in
quantum experiments, suggesting that apparent randomness is a manifestation of complex,
underlying deterministic processes. This model thus proposes a potential bridge between the
deterministic realm of classical physics and the probabilistic domain of quantum mechanics,
offering a unified perspective on these seemingly disparate aspects of physical reality.

Recent work [ 1] establishes a stochastic—quantum correspondence in which any indivisible
stochastic process admits a Hilbert-space realization with unitary dynamics and Born
probabilities. In that framework, the configuration space and stochastic law are ‘fixed
ingredients,” while the run-dependent probability law p(i, t) is the ‘contingent ingredient.” In TD,
Planck-scale bend/twist micro-oscillations and cosmic backgrounds supply the concrete
microphysical origin of this contingency, making the observed p(i, t) an emergent statistical
imprint of the shaking lattice.

Determinism and system dynamics

In an open system, some elements of determinism can transfer beyond the system's boundaries.
This means that while the overall larger system may have a deterministic endpoint, individual
components within that system do not necessarily have predetermined outcomes. Ultimately, the
universe may end in either a heat death or a re-collapse into a single black hole, potentially
initiating a ‘bounce’ that could start a new Big Bang. Though an individual's actions might not
influence the universe's ultimate fate, each person remains responsible for their own choices and
outcomes. The larger system may be deterministic, but individuals within it can still influence
their own trajectories.

Once again, I advocate in the cause of using the Planck units and removing G, ¢, and 7. If we
look at the Heisenberg uncertainty relationship (and use the fact that 7 = E,z,) it becomes readily

apparent how the two quantities are related in that theory. This type of relationship holds for all
uncertainty pairs.

1 1
AEAT > Eh versus AEAT > EEptp
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Neutrino oscillations

In the Tangled Dimension framework, neutrino oscillations are the result of the interactions
between neutrino quarks and the quantum-foam. The separation between these quarks depends
on the neutrino’s energy, and this distance affects how it interacts with its surroundings. As the
neutrino moves, it interacts with the quantum-foam, sometimes picking up energy or losing it,
depending on the conditions it encounters. These interactions can cause changes in the internal
structure of the neutrino, specifically affecting the ‘dimensional cross’ located at its center, the
point where the energy connections between the two quarks are the weakest.

When the quantum-foam causes these energy exchanges, it can either create new dimensional
crosses or dissolve existing ones, effectively changing its flavor. This is how a neutrino can
switch from one type (or flavor) to another while it moves through space.

In this model, the different ‘flavors’ of neutrinos are represented by the number of dimensional
crosses within their structure:

e An electron neutrino has no electrical dimensional crosses.
e A muon neutrino has two electrical dimensions crossed.
e A tau neutrino has all electrical dimensions crossed.

The probability of a neutrino changing flavor depends on the conditions of the quantum-foam.
The parameter that describes the likelihood of transitioning from zero crosses to one cross, is
larger than the parameter that describes likelihood of transitioning from zero crosses to having all
electrical dimensions crossed. The energy required for crossing all three electrical dimensions is
larger than for one cross. These probabilities are influenced by how much energy the quantum-
foam can transfer to or from the neutrino.

The quantum-foam itself is inherently random and fluctuating, which means that neutrino
oscillations are also probabilistic in nature. Much like how a boat's path may shift unpredictably
due to the changing waves beneath it, a neutrino’s flavor changes in response to the energy
fluctuations it encounters as it moves through the quantum-foam. This dynamic interplay
explains why neutrino oscillations are more probable under certain conditions, such as lower
energies where the central connection is inherently weaker. In TD, the mechanism behind
neutrino oscillations is thus tied to the fundamental structure of the universe, the constant
shifting and reconfiguration of dimensional crosses within the lattice.

TD suggests that the mixing angles represent the probability of dimensional cross changes:

AmZ gL
P(vg, = vg) = sin*(20,5) * sin®
( fo /3) ( af ) AFE
e sin*(2012) relates to transitions from zero crosses to two electrical dimensions crosses.
e sin*(2023) is linked to changes from two electrical dimensions crossed to all three crossed.

e sin*(2013) represents transitions from zero electrical dimensions crosses to all three crossed.
or vice versa.
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This equation fits most experimental data well, despite some anomalies. The term sin*(20p)
involves three constants that describe the strength of the mixing. Data shows significant mixing
between the first and second flavors (sin*(2012) = 0.846) , near-maximal mixing between the
second and third flavors (sin*(2023) = 0.999), and only a small amount of mixing between the
first and third flavors (sin*(2013) = 0.085). The second sine term oscillates according to Am?
which is related to the energy exchanged with the quantum-foam, and the energy (£) of the
neutrino. The presence of energy in the denominator is the result of its relationship to the
weakness of the center connections.

Location of the dimensional cross in neutrinos

Tangled Dimensions proposes a unique structure for neutrinos, consisting of two constituent
quarks with specific configurations. A key feature of this model is the presence of dimensional
crosses, which play a crucial role in neutrino oscillations. These crosses represent points where
energy is exchanged with the quantum-foam, facilitating the process of flavor change.

In TD, it is hypothesized that the dimensional cross in neutrinos is located at the central point
between its two constituent quarks. This central position allows for efficient energy exchange
with the quantum-foam. This placement is consistent across all neutrino flavors, with the
presence of 0, 2, or 3 electric dimensional crosses corresponding to the electron, muon, and tau
neutrinos, respectively. This uniformity supports the idea that the fundamental structure of
neutrinos is preserved across different flavors, with the dimensional cross acting as the key
feature in oscillations.

The model's assumption that neutrinos are ‘born’ with their dimensional cross centrally located
raises the possibility of the non-existence of higher families of neutrino quarks, (nark2 and
nark3). These higher family quarks might exist but may only become observable at very high
energies or under specific conditions. Further theoretical and experimental work is needed to
explore these higher family quarks and their associated dimensional crosses.

Neutron decay

The interior of a neutron is a dynamic and chaotic environment, where quarks continuously
move to balance the electric field. This equilibrium-seeking behavior is further influenced by the
quantum-foam, adding complexity to the internal structure of the neutron. Free neutrons decay
with a half-life of approximately 15 minutes, and this decay time can be affected by the neutron's
local environment through the interactions with the quantum-foam.

As the down quark moves within the neutron, it interacts with various orientations of the spatial
and electrical dimensions of neighboring cores. If the core hosting the down quark's kink
temporarily accumulates an electric charge that exceeds a critical threshold, the spatial
dimensions within that core relax, reducing their angling toward the central reference point, C.
Recall that the electric force is weaker than the gravitational force. This relaxation is driven by
the dominance of the spatial dimensions, which forces the electrical dimensions to adapt.
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When the spatial dimensions relax, the original kink in the down quark's electrical dimension is
eliminated. Instead of reverting to its original form, the electrical dimensions create new kinks
with opposite polarity in the other two electrical dimensions. This transition generates turbulence
within the electrical dimensions, and the resulting neutrino carries kinks in the dimensions that
did not host the original down kink.

The relaxation of the spatial dimensions results in a ‘snap’ within the electrical dimensions,
ejecting a partially formed W~ particle. It is more accurate to describe the W™ as being in a
transitional or decaying state rather than fully-formed. A fully realized W~ boson would require
significantly more energy to bend the spatial dimensions enough to account for the W's full
mass. Flavor changes, or transformations of quarks with unbalanced electrical kinks, always
require the inversion of kinks in a core, resulting in a pair of quarks that have kinks of opposite
polarity within the same electrical dimensions, such as the nark and the zark in the W boson.

During neutron decay, a down quark (characterized by a negative kink) transforms into an up
quark (characterized by two positive kinks) of the same color. The resulting up quark's kinks are
positioned in a different electrical dimension from the original down quark's kinked dimension,
maintaining the color consistency.

i

‘M e- =

Fig. 13 Neutron decay of a green down quark

As illustrated in Figure 13, the neutron can decay via two possible pathways involving the green
down quark. In both cases, the W™ particle acts as an intermediary but is not fully-formed—it is,
in essence, in a decaying state. The W™ is a byproduct of the ‘snap’ that occurs in the electrical
dimension as the down quark inverts in response to the relaxation of the spatial dimensions. The
two pathways are consistent with a Majorana-like scenario in which the neutrino could be its
own antiparticle.

Electromagnetic field tensor

In TD, the electromagnetic field tensor serves as a bridge between the angular behavior of
electrical dimensions and the familiar electric and magnetic fields observed in classical physics.
This field tensor is used to represent the interplay between electric and magnetic components
through the relationships between the electrical dimensions and the central reference point, C.

21



The field tensor not only describes these fields but also incorporates the fundamental idea that
both arise from geometric relationships within the quantized lattice of cores.

Bending and twisting of electrical dimensions

The electric and magnetic fields influence the orientation of the electrical dimensions within the
cores. In the presence of an electric field, the electrical dimensions tilt towards or away from C,
with bend angles By, B, B, corresponding to the electric field components Ey, E,, E,. In a
magnetic field, the electrical dimensions exhibit rotational movement around C, with twist angles
Ty, Ty, T, mapping to the magnetic field components By, By, B,. This rotational movement

naturally forbids magnetic monopoles, as the continuous rotation ensures that magnetic fields
always form closed loops, preventing isolated magnetic poles.

The TD model yields a direct correspondence with the electromagnetic field tensor F*V, which
encapsulates Maxwell's equations in relativistic form. The antisymmetric EM tensor is:

FFY = gAY — 3V AH,

where the four-potential A* = (¢/c, A) is geometrically derived from dimensional alignments:
¢ o Y; f; (scalar potential from bend) and A « T (vector potential from twists). Explicitly:

[ 0 —Ey/c —E,/c —E,/c]

FHVZIEx/C 0 —B, B, I
lEy/c B, 0 —B, J
E,/c -B, B, 0

This form reproduces Maxwell's equations as emergent constraints on lattice dynamics:

1. Gauss's Law for Electricity: Divergence of bends corresponds to charge density: V -
E = p/e,, where p arises from net kink accumulation in cores.

2. Gauss's Law for Magnetism: Twists form closed loops, ensuring V - B = 0, inherently
excluding magnetic monopoles.

3. Faraday’s Law of Induction: Time-varying twists induce bends: V X E = —9,B,
propagating as dimensional adjustments through the lattice.

4. Ampére’s Law with Maxwell’s Correction: Time-varying bends induce twists: VX B =
Uo] + o€o 0:E, with current J from kink flows.

By deriving F#V from core geometry, Tangled Dimensions offers a discrete foundation for
continuous EM waves. The electromagnetic potential A#and F*V are physical manifestations of
lattice geometry, not merely calculational devices. Gauge freedom in A reflects equivalent twist
representations relative to C, preserving B = V X A unchanged, mirroring classical invariance
but rooted in discrete structure.
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Connection to classical physics

The TD model provides an innovative perspective that can be linked back to classical physics
concepts, allowing us to reinterpret well-established physical phenomena through the lens of
dimensional interactions and quantized space.

In classical mechanics, the movement of objects is described by Newton's laws of motion. In TD,
motion is instead explained by changes in the angles or ‘tangles’ of the spatial dimensions within
the lattice of cores. This means that rather than physical displacement, motion is a result of
dimensional shifts that propagate through the network of cores.

Similarly, gravity is described by general relativity as the curvature of spacetime caused by mass.
In TD, gravitational effects are interpreted as shifts in the alignment of cores and their overlaps
in response to mass. These shifts generate gradients that replicate the curvature described by
Einstein's equations. This provides a bridge from the quantized lattice of TD to the smooth
geometry of classical general relativity.

Electromagnetism, as described by Maxwell's equations, also finds a natural interpretation in this
model. The electromagnetic field tensor, which forms the foundation of electromagnetic field
theory, is represented by the bending and twisting of electrical dimensions relative to C. Electric
and magnetic fields can thus be understood as emergent properties of the discrete, angular
variations occurring within the quantized lattice.

Even thermodynamic concepts, such as temperature and entropy, can be linked to the TD model.
A notion of ‘temperature’ can be conceptualized as the average energy associated with the
angular deviations of cores, while entropy represents the level of disorder in the angular
configuration of the dimensional lattice. These connections illustrate how macroscopic
thermodynamic properties emerge from the microscopic interactions of cores, see Appendix G.

In summary, the TD model offers a reinterpretation of classical physics by grounding it in the
quantized, angular dynamics of a lattice structure. It not only retains the predictive power of
classical theories but also extends them by providing a more fundamental understanding of their
origins, offering insights into areas where classical physics and quantum mechanics intersect.

Generation of spin in the Tangled Dimensions model

In TD, spin is not an intrinsic property of particles but emerges
as a consequence of its interaction with the electromagnetic
field, which is influenced by the unique configuration of the
electrical dimensions. In an idealized, non-quantized universe,
the electron’s electric field would exhibit perfect spherical
symmetry. However, the quantized nature of space, defined by
the structure of the cores, introduces a cubic spatial framework.
This framework, analogous to creating a sphere in a pixelated
environment, leads to an imperfect spherical distribution of the
electron’s electric field. This is illustrated in Figure 14. Fig. 14 Space around an electron
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This quantization of space necessitates continuous dynamic updates in the electric dimensions as
they attempt to maintain a semblance of circular symmetry. These updates occur within the three
electrical dimensions of the cores that are surrounding the core hosting the electron. Each
dimension has its own unique orientation to C, and the interactions between these dimensions
generate rotational changes in the electric field. These rotational changes are more pronounced
near the electron's core, and gradually decrease with distance.

The concept of spin arises as waves of rotational updates circling around the core hosting the
electron. These rotations do not involve the movement of physical mass but are instead dynamic
changes in the structure of the electric field (changes in the angles of the electrical dimensions)
surrounding the electron. This wave-like behavior of the electric dimensions is responsible for
the electron's magnetic moment and its observed spin properties.

Contrary to the traditional view of an electron's electric field having a single rotational axis, TD
introduces the concept of three rotational axes. When an electron is subjected to an external
electromagnetic field, all three of the electrical dimensions must realign to respond to this field.
As the electron enters the magnetic field region, these rotational axes realign. Each rotational
axis wants to have the same angular velocity of precession. Since these dimensions are spatially
and geometrically constrained within the cubic framework, there are only two possible stable
configurations in which the electric dimensions can ‘precess’ equally. The binary nature caused
by the precession requirements accounts for the observed binary nature of spin in the Stern-
Gerlach experiment. The realignment process, shown in Figure 15, results in either alignment or
anti-alignment of the electron's spin with the external magnetic field, giving rise to the observed
binary spin states.

> f !
‘N7
Fig. 15 Electron responding to a magnetic field

This interpretation proposes that spin can emerge from the dynamics of the electromagnetic field,
reinforcing the view that spin is not an inherent property but a product of field interactions. It
also fits naturally within a hidden variable, where the hidden variables correspond to the specific
orientations and interactions of the electrical dimensions within the cores surrounding the
electron. By accounting for the binary nature of the electron spin without invoking
superposition, the concept of superposition is brought into question, and along with it a large
group of Quantum Mechanics interpretations.
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Why opposite electrical charges attract and like charges repel

The TD model presents an explanation for the attraction between opposite electrical charges and
the repulsion between like charges. At its core, the model posits that dimensions naturally strive
to achieve a flat configuration, minimizing overlap. When an electron generates its own electric
field and a second electron is introduced, the first electron detects this change, and the
surrounding electric field becomes asymmetric. This asymmetry gives rise to the force
experienced by the electrons. For like charges, as they move apart, the dimensional configuration
flattens, reducing overlap and tension, which results in a repulsive force. In contrast, for opposite
charges, the dimensions flatten as the charges move closer together, producing an attractive
force. TD offers a deterministic, geometric explanation for the behavior of charges -- eliminating
the need to invoke virtual particles.

Double-slit experiment interpretation

In the Tangled Dimensions (TD) model, the double-slit experiment is interpreted through the lens
of the oscillatory lattice of cores, which acts as a guiding medium akin to the pilot wave in
Bohmian mechanics, but without a separate field: the lattice itself supplies the dynamics via
dimensional shakes. As a particle propagates through the slits, the Planck-scale oscillations of the
lattice influence its trajectory, leading to interference patterns. This emerges from the collective,
wave-like perturbations in the lattice, where kink paths are stochastically guided by dimensional
bends and twists.

Unlike the Copenhagen interpretation, which relies on superposed probability amplitudes and
measurement-induced collapse, or Pilot Wave theory, which posits a distinct guiding field, the
TD lattice integrates the guidance directly into the spacetime structure. The oscillations, small,
random fluctuations in dimensional overlaps, introduce variability that manifests as probabilistic
outcomes, aligning with observed wave-particle duality.

One way to place this on a mathematical footing may be to consider the lattice as a discrete
configuration space C with states i corresponding to core configurations (e.g., kink positions and
dimensional angles). The shakes induce indivisible stochastic transitions, formalized as first-
order probabilities I3;(t < to) = p(i,t | j,ty), where p(i, t) is the contingent ingredient over
configurations at time t. In TD, p(i, t) arises from the statistical average of shake amplitudes
which might be modeled as Gaussian noise in dimensional angles 8, (for core k):

PD) =7 exp(—5 Ewk 6%)

where o is the shake variance (Planck-scale), 8}, is the mean angle from neighboring cores, and
Z normalizes ( )’ ; p(i,t) = 1). This satisfies the epistemic axiom, with shakes providing the
physical origin of the contingent ingredient. Once the epistemic axiom is in place, Barandes’
stochastic-quantum correspondence suggests a route by which lattice paths through the slits
could map onto the interfering terms that yield the observed pattern.
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Entanglement within the Tangled Dimensions framework

Entanglement arises similarly, demystified as correlations encoded in the indivisible joint
dynamics of the lattice. In quantum mechanics, entangled states exhibit non-local correlations
violating Bell inequalities, often interpreted as ‘action at a distance.” Barandes shows these can
emerge from indivisible stochastic processes, where the joint p(iy, i,, t) evolves inseparably [1].

In TD, distant cores remain linked via dimensional couplings, embedding global correlations in
the lattice geometry. For two entangled particles the joint configuration space Cy, = C; X C, has
contingent p(i,, i, t) from shared oscillations. Again, if we accept Barandes' stochastic-quantum
correspondence, since these correlations are pre-encoded in lattice connections they evade
superluminal signaling while reproducing quantum predictions consistent with quantum-style
Bell-inequality violations.

Understanding the fine-structure constant

One of the most intriguing aspects of modern physics is the fine-structure constant, a
dimensionless value characterizing the strength of electromagnetic interactions. Its seemingly
arbitrary value has long been a subject of fascination and inquiry. In the TD framework an
innovative explanation for the fine-structure constant is proposed, one that is rooted in the
geometric interplay between the electrical and spatial dimensions.

At the heart of our model is the orthogonal relationship between the spatial and electrical
dimensions. This orthogonality is crucial in determining the extent to which the electrical
dimensions can influence our observable space. When the electrical dimensions rotate towards C,
their interaction with the spatial dimensions is limited by their orthogonal nature. This limitation
is akin to the difference in volume between a Steinmetz Solid Bicylinder and Tricylinder,
providing a visual analogy for the constrained increase in volume.

In TD, the spatial dimensions define the lattice of our observable universe. The electrical
dimensions, while orthogonal to the spatial dimensions, have a presence within it due to their
zone of interaction. However, this presence is not complete. As the electrical dimensions angle
toward C, only a portion of them contributes to the overlap with the spatial dimensions. This
partial presence is key to understanding the fine-structure constant in our model.

The fine-structure constant emerges as a measure of the extent to which the electrical dimensions
are present in our space. Its relatively small value reflects the limited overlap of these dimensions
within the spatial dimensions. This model's interpretation explains why the electromagnetic
force, governed by the fine-structure constant, is significantly weaker than the strong force. The
strong force, as conceptualized in the model, results from a more direct and robust interaction
with the electrical dimensions, necessitating a dimensional balance in their kinks to maintain
stability within protons and neutrons.

The fact that the electric dimensions are not fully in our spatial dimensions may have

implications beyond just the fine-structure constant; it may influence other physical phenomena,
especially near a core with kinks. Because overlap depends on local bend/twist near kinks the
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effective coupling could vary, simulations of near kink cores might reveal measurable deviations
from strict 1/r2 scaling at very short range. This warrants further investigation.

This geometric and dimensional explanation for the fine-structure constant aligns seamlessly
with the overarching principles of the TD model. By attributing the value of the fine-structure
constant to the limited overlap of the electrical dimensions within the spatial lattice, the model
suggests that the fine-structure constant is not just a random value but a consequence of the
intrinsic geometric relationships within the universe's fabric.

Dark matter: A weakly self-ordering dark-kink sector

In TD, dark matter emerges as a natural consequence of kinks within the dark dimensions. These
kinks may be viewed as the dark-sector analogue of the kinks found in the electrical dimensions,
arising from the imperfect alignment of dimensions in the early universe. Although they do not
participate in ordinary electromagnetic interactions, they still alter the neighboring spatial
overlap and therefore contribute gravitationally. In this way, dark matter can influence the
structure and evolution of the universe while remaining invisible to light.

The dark dimensions of a core, just like the other dimensions can only contain one kink at a time.
Additionally, this model suggests that the dark dimensions have similar bend and twist rules to
those of the electrical dimensions and that the dark dimensions may obey analogous occupancy
and bend/twist rules, potentially allowing a much weaker dark-sector analogue of self-
interaction. However, in the present cosmological epoch, the continual shaking of the lattice
appears to overpower much of this weak self-organizing tendency. As a result, dark-dimensional
kinks may be able to clump gravitationally, yet still be unable to efficiently cool or to form stable
bound structures. In this sense, the dark sector may remain in a state analogous to an earlier
epoch of the ordinary sector, before the release of the cosmic neutrino background and the
cosmic microwave background, when the universe was too energetic for more stable structures to
emerge.

This picture fits naturally with the stochastic element already present here. The same Planck-
scale oscillations of the lattice that contribute to quantum uncertainty may also influence the
allowed configurations of dark-dimensional kinks. In this sense, TD extends to the dark sector
the same distinction emphasized by Barandes: the configuration space is fixed, while the realized
probability distribution p(i,t) is contingent. In TD, the shaking lattice provides a possible
physical mechanism for that contingency. Thus, dark matter may be understood not as a static
hidden substance, but as a gravitating dark-sector population whose distribution is continually
shaped by the continual stochastic chaotic oscillatory behavior of the core lattice that overpowers
their ability to form structures.

An interesting possibility is that, in the far future, the universe may cool enough for the dark
dimensions to undergo their own analogue of a background release, allowing more stable dark
structures to form. At present, however, this is likely not the case, allowing us to use a simpler
picture with dark matter that remains largely as a weakly interacting, gravitationally responsive
population of dark-dimensional kinks. This bears further investigation.
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Alternatively, the dark dimensions may not exist at all, and dark matter could instead arise from
cross-connections within the electrical dimensions that are not linked to W, Z, or neutrino
particles. These cross-connections would be remnants from the Big Bang. In this scenario, the
electrical dimensions would contain a large number of persistent crosses within the lattice, and
the energy associated with those crosses would effectively constitute the dark matter. This
possibility is attractive because it simplifies the model and also connects naturally with neutrino
oscillations. However, it presently appears less favorable, since the observed low neutrino
oscillation rate appears insufficient to generate enough mass-energy through this mechanism.
Further investigation is warranted.

Conceptualizing the Higgs particle

In TD, the Higgs particle emerges as a natural consequence of spatial dimension misconnections,
similar to the phenomena observed in the second family of fundamental particles due to
misconnections in the electrical dimensions. This model posits that similar misconnections could
occur within the spatial and potentially the dark dimensions, leading to the formation of Higgs-
like particles.

The model hypothesizes that the Higgs particle is a direct result of spatial dimensions becoming
misaligned or cross-connected. In conventional physics, the Higgs is associated with imparting
mass to fundamental particles. However, in the TD framework, it is the alteration in the spatial
dimensional angles that confers mass. When spatial dimensions cross or intertwine, as proposed
in this model, the resulting change in angles leads to the formation of a particle exhibiting Higgs-
like characteristics—zero electric charge, zero spin, and positive parity.

This hypothesis suggests that the Higgs particle in this model would inherently possess a
significant mass and a brief lifespan, consistent with the observed properties of dimensionally
cross-connected particles. Furthermore, the model introduces the possibility of a higher energy
variant of the Higgs particle, potentially arising from a scenario where all three spatial
dimensions are misconnected. Such a variant would provide insights concerning the hierarchy
problem, see appendix B

Strong force: The quest for dimensional equilibrium

In TD, the strong force emerges from the inherent need for equilibrium within the electrical
dimensions. This equilibrium underpins quark cohesion in nucleons, maintaining nuclear
integrity. Unlike the solitary electron-like quarks, which have dimensionally balanced electric
fields, the other quarks are not observed in isolation due to their dimensionally unbalanced
electric fields. The model suggests that quarks within nucleons are in a state of constant motion.
This perpetual motion is driven by the quarks' relentless effort to stabilize and balance the
electric field within the nucleon.

In this framework, the electrical dimensions assume a role reminiscent of gluons in quantum
chromodynamics (QCD). They act as a binding force, securing the quarks together and ensuring
the stability of protons and neutrons. The interactions and alignments of the electrical
dimensions, characterized by their kinks, function as the fundamental ‘glue’ of the strong nuclear
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force. This analogy aligns with the conventional understanding of gluons in QCD, yet it is
reimagined through the lens of dimensional interactions and alignments, which are central to TD
interpretation of the strong force. Asymptotic freedom is discussed in Appendix D.

The weak force: Cores with opposite polarity kinks

The weak force, traditionally understood as governing particle decay, is reinterpreted in TD as a
result from the spatial dimensions striving to achieve flatness. During particle decay, the particles
generated are a consequence of the electrical dimensions responding to the flattening, which
minimize the overlap of spatial dimensions.

In particle decay, the electrical kinks of a core invert or transfer a cross-connection, which results
in the creation of a pair of particles with kinks of opposite polarity within the same core. Initially,
these form the W particle, which then ultimately leads to the production of two quarks in the
resulting neutrino. Historically, this process led to the identification of W bosons as carriers of
the weak force, rather than understanding them as products of spatial dimensions minimizing
their overlap.

In TD, the W, Z, and neutrino particles are viewed as consequences of kinks within the electrical
dimensions. This interpretation aligns with the established concept in modern physics that views
the weak force and electromagnetic force as different manifestations of a unified fundamental
mechanism.

Core principles & naturalness of the Tangled Dimensions model

The TD model represents a significant departure from mainstream theories and could be viewed
as a nascent ‘theory of everything’. It proposes a discrete-lattice representation of space with
electrical and dark dimensions and explores its foundational consequences. Unlike quantum field
theory, where particles are manifestations of field oscillations, this model envisions the universe
as a complex lattice of intersecting dimensions. This structure inherently imparts a quantized or
pixelated nature to the universe, leading directly to quantum uncertainty. The lattice is not static;
it vibrates and moves, influenced by historical cosmic events and ongoing processes that strive to
conserve various physical quantities. In TD, particles are not separate entities but are intricately
linked to the dimensions themselves, emerging as kinks within this dynamic lattice. These core
principles include:

o Dimensional intersections and cores: Central to the model are cores - intersections of
multiple dimensions. These cores form the building blocks of the universe, with their
interactions and overlaps determining fundamental properties of matter and energy.

o Spatial and electrical dimensions: The model introduces a realistic interpretation of spatial
and electrical dimensions. Their interactions and alignments within cores give rise to a
variety of physical phenomena, including gravity, electromagnetism, and the properties of
fundamental particles.
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o Flow of time and gravitational forces: The flow of time, in this model, is linked to the
degree of overlap among spatial dimensions. In regions with increased overlap, the passage
of time slows down, which leads to the manifestation of gravitational forces.

o Fundamental particles as dimensional kinks: In this framework particles are not
independent entities but are all manifestations of the kinks in the dimensional lattice.

o Higgs particle as a dimensional misconnection: The Higgs particle is conceptualized as a
result of misconnections within spatial dimensions. This unique perspective aligns with the
model's emphasis on dimensional interactions.

e Conceptualizing dark matter: In TD, dark matter may arise from kinks in the ‘dark
dimensions.’ This interpretation provides a new candidate for the mysterious dark matter.

These principles result in a natural rationale for several open problems in physics. The TD model
not only aims to unify relativity and quantum mechanics but to also offer natural explanations for
several phenomena that current theories struggle with or fail to adequately address. Below are
some of the key insights and solutions provided by the model:

e Quantum uncertainty and lattice dynamics: The quantized, lattice-like structure of
spacetime introduces inherent limitations in defining physical quantities at extremely small
scales. This leads naturally to quantum uncertainty, bridging the gap between deterministic
classical physics and probabilistic quantum mechanics.

o Contingent ingredient: The oscillatory lattice structure of TD provides a concrete
microphysical origin for the contingent ingredient in Barandes’ stochastic-quantum
correspondence [1], offering a physical mechanism for probabilistic quantum behavior that in
his framework is introduced only abstractly.

o Emergence of spin: Spin is treated not as an intrinsic property of particles, but as an
emergent phenomenon arising from the interaction between dimensional kinks and the
surrounding fields. This reimagines spin as a product of the quantized, dynamic nature of
space.

e Three particle families: The existence of only three families of particles finds a natural
explanation from the geometric restrictions on cross-connections.

o Neutrino oscillations: Neutrinos are seen as composite particles with a ‘weak’ center that
allows for flavor changes via dimensional cross-connections.

o Neutrinos and parity: TD yields negative parity for neutrinos by conceptualizing neutrinos
as composite particles with oppositely aligned kinks at each end, naturally accounting for
their parity.

o Absence of magnetic monopoles: The absence of magnetic monopoles is the result of
geometric constraints; isolated magnetic charges cannot arise in this framework.

e The fine-structure constant: The fine-structure constant emerges from the limited overlap
of the electrical dimensions with the spatial dimensions.

e Resolution of singularities: TD avoids singularities at both the Big Bang and within black
holes by introducing a quantized lattice structure with a minimum length scale.
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e Wave-particle duality of the photon: The model provides insights into the wave-particle
duality of photons by describing them as traveling kinks in the electrical dimensions.

e Strong force and dimensional equilibrium: The strong force is described as resulting from
a need for electrical dimensional balance within the cores. TD reveals that the ‘color’ charges
of Quantum Chromodynamics represent configurations within the electrical dimensions, with
the strong force ensuring dimensional equilibrium.

o Unification of fundamental forces: TD presents a path to unify the four fundamental forces
as a natural outcome of the dimensional interactions within the cores. By considering
gravitational, electromagnetic, weak, and strong forces as manifestations of different aspects
of dimensional overlaps and interactions, the model provides a coherent framework that
unites these seemingly distinct forces.

The TD is built on a set of fundamental principles that provide natural and straightforward
explanations for physical phenomena that mainstream theories have yet to resolve. Unlike
conventional approaches, which often rely on complex mechanisms or fine-tuning to explain
observed behaviors, the core principles of TD offer an intuitive understanding of these
phenomena as emergent properties of the underlying dimensional framework.

Key phenomena, such as the origin of gravity, the quantization of spacetime, and the generation
of spin, emerge naturally from the interactions between the spatial, electrical, and dark
dimensions within the quantized lattice of cores. This approach not only simplifies the theoretical
landscape but also provides explanations for phenomena like dark matter and the origin of
quantum uncertainty, which mainstream theories struggle to address without introducing
additional assumptions.

By adhering to a minimal set of assumptions and leveraging the inherent structure of the cores,
TD achieves a high degree of naturalness in its explanations. Each phenomenon arises directly
from the dynamics of the dimensional network, potentially eliminating the need for arbitrary
constants or external mechanisms. This positions the model as a framework potentially capable
of resolving longstanding issues in physics with simplicity and elegance.

Existence of C

Essentially identical arguments apply to a model with a ‘C’ dimension, but it appears
unnecessary. The differences would primarily lie in the method used to calculate overlaps
between dimensions. Including C as a reference point simplifies the visualization of angular
relationships across the lattice, especially when comparing the alignment and interactions among
neighboring cores. It provides a consistent frame of reference, making it easier to understand
how dimensional angles evolve and interact throughout the lattice.
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Conclusion

Shaking Tangled Dimensions has been presented here as a developing geometric framework in
which spacetime, particle behavior, quantum contingency, and dark matter arise from a common
discrete substrate. In this picture, the universe is modeled not as a smooth continuum, but as a
Planck-scale lattice of interconnected cores whose spatial, electrical, and dark dimensions evolve
through local geometric relationships.

Within this framework, gravity is associated with the overlap volume and angular inclination of
the spatial dimensions relative to a central reference point, while time is tied to the local update
behavior of the lattice. Electromagnetic behavior is interpreted through the bending and twisting
of the electrical dimensions, and fundamental particles are modeled as localized kinks, twists,
and cross-connections within the dimensional network. The aim of the model is to show how
phenomena that are usually treated within separate formalisms may instead reflect different
aspects of one underlying lattice structure.

A central theme of TD is that quantum uncertainty may arise from the continual oscillatory
behavior of the lattice rather than from fundamental indeterminacy at the deepest level. In that
sense, TD offers a possible microphysical picture in which deterministic local update rules
coexist with contingent run-dependent behavior. This same stochastic element also plays a role
in the present treatment of dark matter as a weakly self-ordering population of dark-dimensional
kinks that contributes gravitationally while remaining largely non-dissipative in the current
cosmological epoch.

The model also proposes alternative geometric interpretations of several established topics,
including neutrino oscillations, the weak interaction, spin, the Higgs particle, and the strong
interaction. Some parts of the framework are more developed than others, and sections remain
conceptual scaffolds rather than finished derivations. Even so, the overall purpose of this
manuscript has been to present TD as a coherent research program whose central ideas may be
sharpened, tested, and revised as further mathematical and empirical work is brought to bear.

One of the significant aspects of TD is that its oscillatory lattice provides a natural physical
realization of the contingent ingredient in Barandes’ stochastic-quantum correspondence [1],
grounding his abstract stochastic framework in a concrete microphysical mechanism.

This model was specifically built from the bottom up to fit the physical phenomena that I know
of and understand, so it is incomplete, and some of it may be incorrect, as is always the case. It is
my hope that this document has sufficiently elucidated the principles and implications of the TD
model, demonstrating its capability to describe and potentially resolve some of the most enduring
mysteries in physics.

I invite the scientific community to engage with this model, to scrutinize it, and to explore its
potential further. I believe that Shaking Tangled Dimensions can significantly contribute to our
understanding of the universe and inspire new avenues of research and discovery in fundamental
physics. I think humanity would be better off without quantum mysticism.
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Appendix A: Comparison with current theories of quantum gravity

The Tangled Dimensions model introduces a framework for unifying particle physics and
cosmology by proposing a quantized lattice of intersecting dimensions, referred to as cores. This
appendix compares the TD model with prominent existing quantum gravity theories, such as
String Theory and Loop Quantum Gravity (LQG), highlighting the unique features and potential
advantages of this approach.

Comparison with String Theory

String Theory posits that fundamental particles are not point-like but one-dimensional strings,
with the different vibrational modes of these strings corresponding to different particle
properties, such as mass and charge. A key feature of String Theory is its reliance on higher-
dimensional spaces (typically 10 or 11 dimensions) to maintain consistency and account for the
various forces in nature.

In contrast, TD proposes a more geometrically intuitive framework. It conceptualizes particles
not as string-like objects in higher-dimensional space but as disturbances in a network of three-
dimensional cores. TD eliminates the need for extra spatial dimensions and simplifies the
mathematical structure of the universe without sacrificing predictive power. Instead of relying on
vibrational strings, the model suggests that particle properties arise from the interactions of kinks
and disturbances within this three-dimensional lattice.

Furthermore, in String Theory, gravity is mediated by hypothetical particles known as gravitons,
which emerge from string vibrations. In TD, gravity arises naturally from the geometrical
alignment of spatial dimensions toward a central reference point (C). This geometric approach
provides an alternative explanation for gravity, where changes in the overlap of spatial
dimensions lead to gravitational effects, avoiding the need for a particle-based mediation like the
graviton.

By remaining grounded in three dimensions and introducing quantized cores as the foundation of
spacetime, TD provides a simpler yet robust alternative to the complex higher-dimensional space
required by String Theory.

Comparison with Loop Quantum Gravity (LQG)

Both Loop Quantum Gravity and Tangled Dimensions share the goal of quantizing spacetime,
but their approaches differ significantly in how they achieve this. LQG discretizes spacetime by
employing spin networks, graph-like structures where loops define the quantized areas of space.
In LQG, spacetime is viewed as a collection of finite, discrete loops that evolve over time,
providing a granular structure at the Planck-scale.

In TD, the quantization of spacetime is achieved through the arrangement of cores, which form a
regular lattice. Each core consists of spatial, electrical, and dark dimensions, and their
interactions with neighboring cores define the fabric of the universe. TD provides a different
perspective on the quantization process by focusing on the dynamics between the spatial,
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electrical, and dark dimensions within this lattice, allowing for a more structured and less
abstract form of quantization compared to the spin networks of LQG.

Moreover, while LQG focuses on quantum geometries and the use of discrete loops to explain
gravity, TD provides a geometric explanation for gravity based on dimensional overlaps and
inclinations. Gravity emerges from the inclination of spatial dimensions toward the reference
point C, producing a straightforward geometric interpretation without the need for the intricate
topologies found in LQG.

In both theories, spacetime is inherently quantized, but TD provides a more intuitive, lattice-
based explanation, where the behavior of space and particles is governed by the dynamic
interactions of dimensions within cores.

Strengths of the Tangled Dimensions model

Tangled Dimensions provides several unique advantages compared to String Theory and Loop
Quantum Gravity. By avoiding the need for additional spatial dimensions and focusing on the
interactions of spatial, electrical, and dark dimensions within a quantized lattice, it provides a
more geometrically intuitive framework for explaining gravity, particle behavior, and quantum
phenomena. This positions it as a promising alternative to current quantum gravity models.

While String Theory provides a rich, multi-dimensional framework and LQG provides an elegant
quantization of spacetime, the TD model’s focus on a structured, three-dimensional lattice could
offer a more practical and testable theory. Its geometric explanation of forces and particles
bridges the gap between quantum mechanics and general relativity in a more accessible way,
potentially offering experimental pathways to verify its predictions.

Tangled Dimension stands apart from String Theory and Loop Quantum Gravity by maintaining
a simpler, three-dimensional geometric structure while offering a comprehensive explanation for
fundamental forces and particles. Its approach to quantizing spacetime through cores presents an
alternative perspective that could complement or challenge these established theories, depending
on future experimental and theoretical developments.

Appendix B: The hierarchy problem in Tangled Dimensions

The Hierarchy Problem asks why the Higgs mass parameter (u?) appears at the electroweak scale
rather than at a much higher energy, such as the Planck-scale. In the Standard Model, p? is
inserted by hand, with no underlying mechanism, and its value appears unstable under radiative
corrections.

In TD, the Higgs phenomenon arises from crossings of the spatial dimensions. A single
misconnection among the three spatial axes generates the electroweak-scale Higgs effect.
Because this mechanism is geometric, not parametric, the appearance of the Higgs scale does not
require fine-tuning, it follows directly from the way dimensions can misconnect in the lattice.
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The framework also leaves open the possibility of higher energy Higgs-type states. If all three
spatial dimensions are simultaneously misconnected, the resulting configuration would require
more energy than the familiar single-cross Higgs. Whether such multi-cross Higgs states exist in
nature remains an open question, but their presence would follow naturally from the same
geometric principles.

Thus, in TD, the Hierarchy Problem is resolved not by tuning or symmetry-based cancellation,
but by providing a microphysical origin for the Higgs as a lattice-level spatial misconnection.

Appendix C: Expansion of space - the addition of new cores

In TD, the expansion of space is conceptualized as the introduction of new cores into the fabric
of the universe. This process predominantly occurs in regions where space is relatively flat, as
the energy required to incorporate a new core is lower in the absence of significant gravitational
fields. The energy needed for this expansion may possibly come from the electromagnetic
spectrum, specifically, photons and neutrinos moving through the cosmos. As these particles lose
energy, which is evident in the redshift observed from distant celestial objects, this lost energy is
thought to contribute to the formation of new cores. Gravitational waves may also be part of this
process.

Recall that there is a minimum volume of overlap, similar to the concept of dark energy. These
added cores may have already ‘existed’ outside our observable universe, potentially with dark
energy already present. If this is the case, the energy needed to introduce new cores would be
dramatically reduced. Regions with minimal spatial dimension angles are prime sites for the
addition of new cores, as the gravitational energy barrier for introducing new cores is lowered.
This mechanism can be visualized like an inflating bubble, where mass exerts an inward pull,
shaping the expansion of the universe which is the shell of the bubble. Cores outside our
universe may exert a form of ‘pressure’ on our universe, and this pressure may have evolved over
time.

A crucial consideration in this model is whether the supply of new cores is finite or infinite. This
distinction has profound implications for the universe's ultimate fate. A finite supply suggests a
cyclical universe that will eventually collapse and reset. In this scenario, black holes that have
absorbed vast amounts of space and matter may represent a state akin to the universe's
beginning. Ultimately, all black holes and the remaining space could converge into a single
entity, leading to a cataclysmic event that resets the cosmic cycle. Conversely, an infinite supply
of cores would imply a universe that continues expanding indefinitely. This idea aligns with
current observations of an accelerating universe but leaves open questions about the ultimate end
state of cosmic evolution.

Appendix D: Asymptotic freedom and confinement in the TD model

In quantum chromodynamics (QCD), the theory of the strong nuclear force, asymptotic freedom
is a cornerstone property: the strong coupling constant as decreases at high energies (short
distances), allowing quarks and gluons to behave nearly freely in hard collisions, while
increasing at low energies (long distances), leading to quark confinement inside hadrons.
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This running is evidenced in experiments, with as dropping from roughly ~1 at ~1 GeV to ~0.1 at
~100 GeV. Confinement manifests as color flux tubes between quarks, with energy rising
linearly with separation. At extreme temperatures/densities, confined hadronic matter transitions
to deconfined quark-gluon plasma. In standard QCD, this dual behavior arises from vacuum
polarization: quark loops screen color charge (like QED), but dominant gluon self-interactions
antiscreen (amplify the field at long distances).

TD Geometric Interpretation

The Tangled Dimensions (TD) model recovers both asymptotic freedom and confinement from a
single geometric principle: the electrical dimensions' drive toward dimensional equilibrium and
spherical symmetry in their kink configurations.

- Quarks as kinks: Each quark is a localized pattern of kinks in the three electrical dimensions
(Ei, Ej, Ez) of a core. Up-type quarks have two positive kinks (one dimension kink-free), down-
type one negative kink, unbalanced individually but balanced in color-neutral combinations (e.g.,
one kink per dimension across red/green/blue).

- Long distances (confinement regime): When quarks separate within a hadron (or hypothetically
isolated), each quark's unbalanced kinks distort the surrounding electrical dimensions strongly.
The lattice seeks to restore global spherical symmetry and dimensional balance, creating a deep
electro-dimensional well. This generates a powerful attractive pull, akin to a flux tube: energy
increases linearly with separation as the asymmetry worsens, preventing isolated quarks. The
overall hadron (e.g., proton: two up + one down, balanced kinks) achieves near-spherical
symmetry externally, minimizing net distortion.

- Short distances (asymptotic freedom regime): In high-energy probes (e.g., deep inelastic
scattering), quarks are probed closely, their individual wells overlap significantly. Here, opposing
kinks interfere: e.g., a positive kink from an up quark partially cancels a negative from a nearby
down quark in one electrical dimension. This local cancellation disrupts the idealized spherical
symmetry each quark "wants" individually, introducing asymmetry and frustration in the lattice's
symmetry-seeking drive.

Result: The effective tension/pull between quarks weakens, the binding efficiency drops because
mutual interference spoils the strong restoring force that dominates at larger scales. Quarks
behave more freely, as the lattice's global equilibrium preference is temporarily overridden by
local dimensional conflicts.

This mechanism unifies the duality without separate gluons: the electrical dimensions mediate
the force, with "dimensional conflicts" at short ranges playing the role of antiscreening (reducing
effective coupling), while symmetry restoration at long ranges enforces confinement.

The three electrical dimensions naturally yield the "three colors," and interference effects may
produce logarithmic-like running (via averaging over oscillating lattice scales at higher energies).
In extreme conditions (quark-gluon plasma analogue), dense overlaps frustrate binding globally,
allowing deconfinement.
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This geometric view provides an intuitive, emergent explanation for QCD's hallmark properties,
grounding asymptotic freedom in symmetry frustration rather than explicit non-Abelian self-
interactions.

Symmetry-seeking + short-range frustration = confinement + asymptotic freedom

To make the “symmetry-seeking + short-range frustration” intuition explicit without invoking
full QFT machinery, we adopt a deliberately effective toy model for how electro-dimensional
imbalance is stored in the lattice between two separated kinks. We represent the net imbalance
that must be transmitted between the sources by a conserved scalar flux @, and we assume the
distortion preferentially localizes into a corridor (“tube”) of cross-section A and length r. The
energy per unit length is modeled as a competition between (i) concentrating fixed flux into area
A, which costs & ®2 /A, and (ii) maintaining a persistently distorted region of area A, which
costs & A. This yields £(4) = ®2/(2yA) + BA, whose minimization produces a constant
optimal tension 0 = €(4,) = ®,/2B/x and thus a linear confining term V() = or. To
encode TD’s short-range “frustration/interference” (multiple competing kink influences and
shake-scale averaging partially cancel the net imbalance seen at high resolution), we introduce an
effective coupling g(Q) at scale Q ~ 1/r with a negative beta function dg/dln Q = —bg?(b >
0), giving g(Q) ~ [ bIn(Q/A) ]~ and hence a weakening interaction as r — 0. A compact
phenomenological synthesis is then V(1) = or — (Cg?(1/r))/r: the first term captures
symmetry-driven confinement via a finite corridor tension, while the second term captures short-
distance attraction whose strength runs downward under coarse-graining. This section is not
presented as a derivation of QCD; rather, it is a minimal scaffold showing how TD’s qualitative
mechanisms can be represented with a few equations that reproduce the correct qualitative
regimes.

D.1 Variables and physical dictionary
e Let “electro-dimensional imbalance flux” be a conserved scalar ®sourced by a
kink/antikink pair.
e Let the distortion between separated kinks concentrate into a corridor (“tube”) of cross-
section A, length 7.
This is the TD analogue of a QCD flux tube: the lattice prefers a locally balanced
configuration, but the separated sources impose a persistent imbalance that must be
“carried” between them.
D.2 Confinement from a minimal tube energy (yields linear potential)

Assume energy per unit length has two competing contributions:

e Field energy: for fixed flux ®, concentrating it into area A costs energy < ®2/A.
e Frustration/bulk cost: maintaining a distorted region of area A costs energy « A.

Write the energy per unit length as
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2

s =52

+ B A4,

where
ey is an effective susceptibility/compliance of the lattice (how cheaply it supports
imbalance),

e B isa “bulk frustration” or “bag” constant (penalty per unit area of sustained distortion).

Minimize with respect to A:

At the optimum,

A) = 2B
o=¢Ay) = -
X

so the potential energy for separating the pair is
Vconf(r) =ar.

This is the minimal statement of TD “symmetry-seeking”: large separations force a persistent
corridor of imbalance, and the cheapest configuration has constant tension o, giving linear
confinement.

D.3 Asymptotic freedom as a short-distance renormalization of the effective coupling

To implement “frustration at short range” in a clean way, define an effective coupling g(Q) at
resolution scale Q ~ 1/r. The TD intuition is that when you probe smaller scales, internal
substructure and competing kink influences partially cancel (or “average out”) the net imbalance
source that drives interactions. The minimal math expression of that is a negative beta function:

This integrates to

1
g(@Q) =——5 (forQ > A)
bln (%)

or, to avoid a singularity in a purely phenomenological writeup,
Yo

1+bg01n(1+%).

g@Q) =
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Interpretation in TD language: coarse-graining over shorter-scale “shake/frustration” modes
reduces the net effective imbalance that one kink presents to another at high @, so the interaction
weakens as 7 = 0.

D.4 One-line synthesis: Cornell-form potential with TD meaning

Combine the large-r linear term with a short-distance Coulomb-like term whose strength runs
with Q ~ 1/r:

C gz(l/r)_

V(r) =or— "

e 0 is the corridor tension derived above (TD confinement).

2
e The — C% term is the short-distance attraction, with running coupling g(1/7) that
decreases as r — 0 (TD asymptotic freedom).

This “Cornell potential” form is widely used in hadron phenomenology; here it becomes a

compact bridge: TD’s corridor/tension picture supplies o, and TD’s frustration/coarse-graining
supplies a negative beta function for g(Q).

Appendix E: Mass generation in the Tangled Dimensions model

In the Tangled Dimensions (TD) model, particle masses are not fundamental parameters; they
emerge from the geometric and dynamic response of the core lattice. This appendix elaborates
the mechanism, focusing on quarks and leptons as localized kinks in the electrical dimensions

(E x' Ey E Z). Drawing a parallel to quantum chromodynamics (QCD), where the dominant share
of nucleon mass is associated with confined internal dynamics rather than bare constituent
masses: TD posits that quark and lepton masses arise from trapped energy in rapid, persistent
angle changes (bends and twists) of surrounding electrical dimensions induced by kink
asymmetries. Greater asymmetry forces more violent local reconfiguration, trapping higher time-
averaged disturbance energy that manifests as rest mass.

Kinks and asymmetry in electrical dimensions

Fundamental particles in TD manifest as kinks: quantized distortions in the electrical dimensions
of cores. For quarks, these kinks are assigned polarities (positive or negative) and distributed
across the three electrical dimensions, with color assignments (red, green, blue) reflecting their
tripartite nature. An asymmetry parameter § quantifies imbalance in the kink configuration:

e Up-type quarks (e.g., up, charm, top) typically involve two kinks of the same polarity
(net charge +2/3), producing partial internal balance but leaving room for amplified
disturbances when cross-connections are present.

o Down-type quarks (e.g., down, strange, bottom) feature a single kink (net charge —1/3),
corresponding to an unpaired isolation.
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o Leptons like the electron involve three same-polarity kinks (one per electrical
dimension), corresponding to net charge —1(i.e., —1/3e per dimension in this
bookkeeping), which minimizes §.

This asymmetry drives continual reorientation of neighboring electrical-dimension angles as the
lattice attempts to restore local symmetry. Because space is cubic-quantized, perfect spherical
symmetry is unattainable; the system can only approach a best-fit configuration, leaving
persistent residual anisotropy. The process is dynamic: kinks propagate tensions through the
lattice, inducing bends (electric-like) and twists (magnetic-like), as captured in the extended
electromagnetic field tensor (see Electromagnetic Field Tensor section).

Emergent mass from trapped disturbance energy

Mass emerges from trapped energy in these angle disturbances, an “electro-dimensional well” in
TD language. Higher § produces more turbulent motion and greater trapped energy. In the first
particle family (no cross-connections), the down quark’s single kink yields higher unpaired
asymmetry than the up quark’s dual-kink configuration, consistent with m; > m,,. A numerically
suggestive coincidence (not claimed here as a derived law) is that with PDG 2024 values quoted
in the MS scheme at 2 GeV, m,, ~ 2.16 MeV/c?and m; ~ 4.69 MeV/c?, and 2.16% ~ 4.67 is
close to 4.69 within uncertainties. To keep this statement dimensionally well-posed, define m =
m/(1 MeV/c?); then the observation is #i; = #iZ. This may be coincidence, but it is consistent
with the intuition that isolating a kink can amplify disturbance energy nonlinearly.

For higher families, cross-connections (twists between dimensions) escalate geometric
incompatibility and can reverse the simple first-family ordering: up-types (two-kink structures)
can experience compounded disturbances under multi-dimensional crosses, yielding m, > mg
and m; > m,, with the third family maximizing cross-structure and producing large hierarchy
jumps.

Leptons can remain comparatively light in TD because their kink configurations can be more
nearly balanced (& small). In particular, the electron is taken to be close to maximally balanced
(8 ~ 0), consistent with its small rest mass (~ 0.511 MeV/c?). However, § =~ 0 does not imply a
massless electron in TD, because perfect spherical symmetry is not achievable in a cubic-
quantized space: even the most balanced configuration retains a residual anisotropy associated
with the lattice geometry (as discussed earlier in the spin section).

Finally, to be explicit about the “two kinds of motion” at the smallest scales: the dimensions have
a baseline shaking that is separate from the more violent, configuration-driven turbulence
associated with mass generation. In the toy model below this separation is represented by (i) a
baseline zero-mean driving term §(t), and (ii) the restoring/frustration term k(0 — 0*) that
encodes the persistent attempt to approach symmetry under an incompatible target configuration.
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Effective mass generation from frustrated electrical-angle dynamics (toy scaffold)

Here we provide a deliberately effective (toy) model that encodes TD’s qualitative claim: particle
rest mass reflects the time-averaged trapped disturbance energy associated with the turbulent
evolution of electrical-dimensional angles as the configuration continually attempts to approach
local symmetry. The goal is not to derive QCD or the Standard Model, but to supply a minimal
scaffold that: (i) ties mass to persistent “frustrated symmetry-seeking,” (ii) keeps leptons lighter
when kink sets are more balanced, (iii) explains why the electron remains massive even when
near-balanced due to cubic quantization, and (iv) allows charge sensitivity while preserving
particle/antiparticle mass equality.

In the scaffold below, ¢ is formalized as the norm of a signed imbalance vector A constructed
from kink polarity counts across Ey, Ey, E,. Given a proposed kink inventory {Nl-i} and cross-

count N,, the scaffold predicts relative mass scaling through (E’) via increased geometric
mismatch and the resulting turbulent angle motion.

Notation used in Appendix E

e 0;(t)(i € {x,y,z}): time-dependent electrical-dimensional “angle” variables (local
electrical-dimension orientation state); 8(t) = (6, 6,,0,).

e 0"(A): symmetry-seeking target angle configuration set by the kink imbalance (and, if
included, cubic anisotropy); often 8" = a A + 6.

e 0, 0: first and second time derivatives of the electrical-angle state (rate of change /
“turbulent” angular motion).

o [: effective inertia for the electrical-angle degrees of freedom (controls kinetic energy
stored in ).

e k: effective measure of the symmetry-restoring gain of the lattice.

o y: effective damping coefficient for the electrical-angle dynamics, this term may be zero.

e §(t): zero-mean stochastic driving term representing background lattice shaking
(turbulent forcing).

e E(t): instantaneous trapped disturbance energy in electrical-angle dynamics, e.g. E(t) =
“1O1P+5160—0" 2.

o m:rest mass defined by time-averaged trapped energy, mc? = (E(t)), (with c the speed
of light).

e N;, N7 : counts of positive/negative polarity kinks associated with electrical axis i.

o A;: signed imbalance on axis i, A; = N;" — N;7; A = (A, Ay, A,).

e §:scalar imbalance magnitude, § =l A ||= /A% + A% + AZ (polarity-even).

e a: proportionality constant mapping signed imbalance A to a target-angle bias (charge-
sensitive coupling), 8" > a A.

e 0, cubic-anisotropy “floor” term (irreducible deviation from perfect spherical symmetry
imposed by cubic quantization), present even when A = 0.

e N,: integer structural complexity index (e.g., number of “crosses’’/cross-connections).

e A,7m: phenomenological parameters controlling how N,increases asymmetry and/or adds
additional mismatch forcing (e.g., k = k(1 + AN,) or 8" D nN, ).
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E.1 Signed electro-dimensional imbalance and charge sensitivity

Let each electrical axis i € {x,y, z} carry kinks of positive and negative polarity, with counts
N and N;. Define

A; =N = N7, A = (A, A,,4,),

and the scalar balance measure

S=IA = /A,% + A2 + AZ,

In this encoding, A is charge-sensitive: under charge conjugation (particle <>antiparticle)
polarities swap and A — —A. The mass proxy will be constructed from polarity-even quadratic
invariants, so particle and antiparticle remain degenerate in mass even though A changes sign.

E.2 Electrical-dimensional angles as dynamical variables (turbulence and frustration)

Let 0(t) = (0x(), 8,(t), 8,(t)) represent the instantaneous electrical-dimensional angle state
near the particle. TD’s symmetry-seeking tendency is modeled by a target configuration 8*. We

write the charge-sensitive part as

0°(A) =alA+ 05 +nN,1,
where aA captures the signed (charge-sensitive) bias from kink imbalance, 8, # 0 is the cubic
anisotropy floor, and N, 1l represents additional mismatch forced by cross-structure. In this
framing, k remains a property of the lattice response; particle-to-particle differences enter

primarily through the imposed mismatch target 6*.

To encode turbulent evolution under frustrated symmetry seeking, use a minimal driven, damped
dynamics:

10 +v0 + k(6 —0) = &(t),
with &(t) representing baseline shaking.
E.3 Mass as time-averaged trapped disturbance energy

Define the instantaneous trapped disturbance energy
I . ,, K .2
E(t) =5 o) Il +5 o(t) — 6" |2,

and define rest mass by the time average:

mc? = (E(t));.
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Thus mass reflects persistent kinetic agitation plus persistent frustration as the system continually
tries (and fails) to achieve perfect local symmetry.

E.4 Particle-antiparticle mass equality in a charge-sensitive model

Although 0%is charge-sensitive through aA, the energy (and therefore mass) is quadratic and
polarity-even. Under C: (A, 0) — (—A,—86), both || 6 ||?and || @ — 0" [|I>remain invariant,
implying equal particle/antiparticle masses.

E.5 Why the electron is not massless even for near-balance: cubic anisotropy floor

Balanced kinks can reduce &, but the electron does not become massless because perfect
spherical symmetry is unattainable in a cubic-quantized space. The term 8, # 0 encodes the
irreducible anisotropy floor that persists even when A =~ 0, yielding nonzero (E)and therefore
nonzero rest mass.

E.6 Leptons vs. quarks and the role of crosses in the hierarchy

In this scaffold, leptons remain lighter because their kink configurations can be closer to
balanced and because they impose less mismatch forcing (smaller § and/or smaller effective N,.).
Higher lepton generations and quarks become heavier because additional cross-structure
increases the imposed mismatch target 8 (through the nN, 4l term) and can strengthen nonlinear
coupling among the 8; dynamics, increasing the time-averaged turbulent/frustrated energy stored

in the electrical-angle degrees of freedom.

E.7 Summary of the effective identification
2 I n 12 Kk £ 2
mc =(§IIBII+§||0—(aA+0D+anu)II Yer

with particle/antiparticle mass equality guaranteed by quadratic invariance under

Appendix F: Why antigravity does not occur in TD.

In this framework, the large-scale expansion of space is driven by the inflating “bubble shell” of
the universe and the one-way manner in which new spatial structure is created. When the shell
undergoes a local creation event (a “break” in the shell), it proceeds only in the outward
(expanding) direction. The newly created region is filled by previously unconnected cores drawn
from the interior of the shell, which then become connected into the lattice. This process
preferentially occurs where spatial-dimension overlap is low, consistent with expansion being
strongest where the lattice is least constrained by pre-existing overlap.

Gravitation, by contrast, is tied to increased spatial-dimension overlap produced by mass
configurations (kinks/crosses) that bias the local geometry. In the model, the effective sign of the
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gravitational response is fixed by a one-sided, monotonic mapping: increased overlap
corresponds to a reduced local update rate (gravitational time dilation) and an attractive
gravitational tendency. The overlap variable is also bounded, there is a saturation limit
corresponding to complete overlap, which sets the extreme (“black-hole”) regime of this
mechanism.

These two features, (i) one-way creation/connection of cores associated with expansion, and (ii)
a bounded overlap variable with a fixed-sign overlap—update relationship, constrain what the
lattice can realize as a stable macroscopic gravitational response. A true “antigravity”
phenomenon would require a configuration that produces the opposite sign of gravitational
coupling in the surrounding lattice, i.e., a repulsive update bias. In this model, that would not be
a mere oscillation or propagating disturbance; it would require access to an inverted regime of
the overlap—update relationship, effectively a distinct dynamical branch.

Within this model, repulsive gravity would require access to a second branch of the overlap—
update mapping; no mechanism is provided to reach or stabilize that branch under physically
realizable conditions. Put differently, we can excite waves in ‘normal space,’ but we cannot drive
the lattice through the branch point (the inversion point) of that mapping: the most extreme
accessible limit is saturation toward complete overlap (the black-hole limit), unless some
additional mechanism, potentially requiring enormous energy density, enables a transition into
the inverted branch.

Accordingly, “antigravity” is not excluded as a matter of preference, but by the combination of a
one-way core-creation process (expansion) and a one-sided, bounded overlap variable that fixes
the sign of gravitational coupling.

Appendix G: Entropy and the arrow of time in a shaking lattice

As discussed earlier in the manuscript, the lattice is not perfectly static: the “shaking” (quantum-
foam background) continually perturbs local core configurations and update phases. In this
appendix, that same shaking is treated not as an added mystery, but as the natural mixing
mechanism that explains why macroscopic irreversibility (the Second Law) emerges from
microscopic lattice dynamics.

Entropy is a measure of how many different microscopic lattice configurations are consistent
with the same macroscopic description—and equivalently, how much information about the
exact microstate is missing once we describe the system only in coarse-grained terms.

Entropy is often described informally as “disorder,” but the more precise statement is that
entropy increases when a system evolves into macrostates that can be realized by vastly more
underlying micro-configurations. In other words, entropy tracks the combinatorial dominance of
typical macrostates over atypical ones.
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In the Shaking Tangled Dimensions framework, the “microstate” is the full lattice configuration:
the detailed spatial/electrical/dark dimensional orientations, overlaps, kinks, and their
instantaneous update-phase relationships across cores. Conserved quantities remain conserved
globally, but the lattice permits an enormous number of ways to redistribute those conserved
quantities among local degrees of freedom and among the dimensions of each core. The key
point is not that conservation fails, but that conservation allows many rearrangements—and most
rearrangements correspond to macrostates compatible with far more microstates.

Toy example (localization — dispersal): Consider a localized configuration in which a small
region of the lattice contains a strongly biased overlap pattern and a concentrated set of
kink/update-phase relationships (a “tight” microstate with strong local correlations). As the
lattice evolves, interactions with neighboring cores and the continual shaking cause that localized
structure to share conserved quantities (energy/momentum-like update content, phase
relationships, and dimensional distortions) with an expanding neighborhood. What spreads is not
merely “energy,” but the correlation structure itself: the detailed phase relationships and
directional biases become partitioned into many weak, distributed correlations across many cores
and across multiple dimensions. After this mixing, there are vastly more microscopic
arrangements that look the same at the coarse level (same gross energy content, similar average
overlap profile, no obvious directional bias). The system therefore moves from a macrostate with
comparatively few compatible microstates to one with overwhelmingly many—i.e., entropy
increases—even though the underlying quantities remain conserved.

The continual small-scale shaking (the quantum-foam background) provides a natural
mechanism for rapid mixing. Tiny differences in local core configurations and update phases are
repeatedly amplified and spread through neighboring connections, causing correlation
information (the detailed “who-gave-what-to-whom” history) to become increasingly delocalized
across many degrees of freedom. While the underlying micro-dynamics may remain
deterministic in principle, the system becomes effectively irreversible for any coarse-grained
observer: reconstructing the prior microstate would require tracking an astronomically large
number of microscopic correlations with essentially perfect fidelity.

This yields a concrete interpretation of the Second Law within the model: entropy tends to rise
because typical lattice evolution carries typical initial conditions toward macrostates that can be
realized in far more ways (many more compatible microstates). Local decreases in entropy are
not forbidden—they can occur as fluctuations—but sustained macroscopic decreases would
require extraordinarily special initial correlations and fine control over the lattice microstate,
which the ever-present shaking continually degrades.

In this view, thermodynamic entropy and information entropy are two descriptions of the same
underlying reality, expressed at different levels. Thermodynamic entropy is what we infer
macroscopically—heat spreading, gradients flattening, and energy becoming less available to do
organized work—because conserved quantities and excitations become distributed across many
lattice degrees of freedom. Shannon (information) entropy is the statement that, once that
distribution and the associated correlations have been scrambled by the continual shaking, our
uncertainty about the exact lattice microstate grows: there are simply far more micro-
configurations consistent with the same macroscopic description. The von Neumann perspective
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fits naturally as well: what appears classically as “lost information™ is, in the lattice picture,
information that has not vanished but has been pushed into delocalized, fine-grained correlations
across many cores and across the spatial/electrical/dark dimensions. Practically, those
correlations become inaccessible to any coarse-grained measurement, so entropy rises even if the
underlying update rules remain deterministic.

Implications and model-level expectations:

e Approach-to-equilibrium timescale (scaling expectation): The characteristic timescale
for a prepared low-entropy macrostate to relax toward equilibrium should be controlled
primarily by the local shaking amplitude (quantum-foam background) and the effective
connectivity/coupling of that region of the lattice to its surrounding cores. Stronger
shaking or stronger coupling should correspond to faster correlation-scrambling and thus
a faster effective entropy-increase rate.

o [Effective arrow from correlation dispersal (not a proof): The macroscopic arrow of
time is an effective consequence of how detailed phase/alignment correlations disperse
into fine-grained, many-core microstructure under continual shaking, combined with
coarse-grained description. Reverse trajectories may exist in principle, but reversing a
macroscopic process would require reconstructing delocalized correlations with
unrealistically fine control, so the dynamics is effectively irreversible for any coarse-
grained observer.

e Low-entropy behavior requires engineered correlations: Sustained macroscopic
entropy decrease would require preparing unusually precise, non-generic lattice
microstates with carefully engineered correlation structure and maintaining isolation from
shaking-driven mixing and environmental coupling. As system size and connectivity
increase, those requirements rapidly become physically unrealistic, which explains the
robustness of the Second Law at human scales.
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Appendix H: Toward a Schrodinger equation from a shaking lattice

Edward Nelson’s 1966 paper, “Derivation of the Schrodinger Equation from Newtonian Mechanics,” [2]
showed that the Schrodinger equation can be obtained from a stochastic modification of classical particle
mechanics. In Nelson’s formulation, a quantum particle is not initially described by an abstract
wavefunction. Instead, the particle is assumed to undergo a real stochastic motion, similar in some respects
to Brownian motion, and the familiar wavefunction emerges from the statistical structure of that motion.

Since Nelson’s original work, this approach has developed into what is now known as Nelson’s stochastic
mechanics. Although it provides an important bridge between classical and quantum descriptions, it also
faces several well-known difficulties. These include the unexplained origin of the stochastic noise, the
special choice of diffusion constant, the Wallstrom objection concerning phase quantization, the treatment
of spin, the incorporation of relativity, and the role of configuration space in many-particle systems.

The purpose of this appendix is not to claim a completed derivation of the Schrédinger equation from TD.
Rather, the goal is to show how a shaking core lattice naturally suggests a Nelson-like stochastic
framework, and how TD may provide physical interpretations for some of the assumptions and open
problems in Nelson’s approach.

H.1 Brief outline of Nelson’s stochastic mechanics

In Nelson’s stochastic mechanics, the position of a particle is treated as a stochastic process. In simplified
form, the particle position X (t) evolves according to

dX =bdt ++2vdW,
where b is a drift velocity, dW is a Wiener-process increment, and v is the diffusion constant. Nelson chose
_h
S 2m

Because Brownian paths are not differentiable in the ordinary sense, Nelson introduced both forward and
backward derivatives. These give rise to two drift velocities, b, and b_. From these one defines the current
velocity

v

b b, +b_
>
and the osmotic velocity
. b, —b_
2

The osmotic velocity is related to the probability density p by
u =vVinp.
If the current velocity is written in terms of an action function S,

1
v=-—VS§,
m

then one may define
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= Jpesn,

Under Nelson’s stochastic version of Newton’s second law, the resulting equations for p and S become
equivalent to the Schrodinger equation,
Y h?
ih— = —— V%) + V.
' at 2m v v
Thus, in Nelson’s framework, the wavefunction is not introduced as fundamental. It is reconstructed from a
probability density p and an action-like phase field S/h.

H.2 Mapping Nelson’s framework onto TD

In TD, a particle-like object is interpreted as a localized disturbance of the core lattice. At the microscopic
level, the object has an underlying motion or transition history through the lattice. However, because the
lattice itself undergoes unresolved Planck-scale oscillations, the observed trajectory of the object is
stochastic when viewed at scales much larger than [, and ¢,,.

The correspondence between Nelson’s stochastic mechanics and a TD shaking-lattice interpretation may be
summarized as follows:

Nelson stochastic mechanics TD shaking lattice interpretation

Particle position (X(t)) Core occupancy or localized object position

Brownian noise (dW(t)) Unresolved Planck-scale core shaking

Diffusion constant (v) Effective shake strength of the lattice

Probability density (p) Coarse-grained occupancy density over cores

Current velocity (v) Mean particle/core-transition flow

Osmotic velocity (u) Drift caused by gradients in shake-accessible configurations
Phase (S /h) Accumulated action from local update/tick dynamics
Potential (V) Mean spatial/electrical overlap energy

Quantum potential (Q) Emergent pressure/constraint from stochastic lattice shaking

This interpretation suggests that Nelson’s stochastic mechanics may be viewed as a long-wavelength
approximation to a deeper discrete process. The underlying TD process is not continuous Brownian motion
at all scales. Instead, it is a Planck-regulated stochastic lattice process whose continuum limit may
approximate Nelson’s diffusion.

H.3 Discrete TD modification of Nelson’s process
Nelson’s standard continuum form is

dX = bdt +2vdw.

In TD, the corresponding microscopic process should be formulated on the core lattice. Let the object
occupy a lattice site X}, at update step k. Then

Xir1 = X + AXy,
where

AX, € {0, £1,%, +1,9, +1,2}.
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The probabilities of these transitions are controlled by local core conditions:
P(AX,) = P(AXy | s,,e,, Vs, Ve, és, be),

where s, and e,, denote the mean spatial and electrical states of the core, while ds and e represent
unresolved shaking in those degrees of freedom.

After coarse-graining over many Planck-scale updates, the discrete process may approach an effective
diffusion process:

Xk+1 - Xk il bTD dt + \/ ZVTD aw.

The TD lattice therefore suggests a Nelson-like stochastic mechanics in which the stochastic component is
not postulated as an abstract Brownian background. Instead, it is attributed to unresolved Planck-scale
oscillations of the core lattice.

If the effective diffusion constant takes the Nelson value

h

VID = o
and if the coarse-grained drift can be written as the gradient of an action field,
Urp = - VS,
then the long-wavelength dynamics reduce to a Schrodinger-type equation, possibly with additional TD
correction terms associated with lattice discreteness, bounded overlap, and residual shake correlations.
H.4 Origin of the noise and diffusion constant
One of the open issues in Nelson’s original formulation is that the stochastic background is assumed rather

than derived. Nelson takes the diffusion constant to be

vV=—

2m

but the physical origin of this value is not specified.

In TD, the origin of the stochasticity is the physical shaking of the core lattice. The diffusion constant can
be rewritten using Planck units. Since

p

h=m,—
P
tp

)

we obtain
2
h L5 my,

Vp =—=———,
™™ om 2tpm

Define the dimensionless core energy fraction

Then
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In TD, ng may be interpreted as a normalized measure of the particle’s trapped disturbance energy within
the core structure. More generally,

ng = g(6),

where g(8;) is a function of the relevant dimensional angles. A more geometrically complete version would
define ng through normalized overlap volume:

dimensional overlap volume

ng = : : : .
maximum dimensional overlap volume

This gives natural bounds:
0< Ng <1.

The lower bound reflects the fact that a massive object must possess nonzero trapped energy, while the
upper bound reflects the TD assumption that a core cannot contain more than the Planck mass without
reaching the limiting overlap condition.

Thus,
lp

2tyng

V1p =

has a clear physical interpretation:

Planck step area per Planck time  Planck mass

diffusion = X - .
2 particle mass

Heavier particles diffuse less through the shaking lattice because their larger trapped disturbance energy
couples more strongly to the local core structure. Conversely, lighter particles are less locked to the lattice
and are more strongly affected by unresolved shaking.

This provides a possible TD interpretation of the Nelson diffusion constant rather than treating it as an
unexplained assumption.

H.5 Quantum potential as shake pressure

In the Madelung form of quantum mechanics, the quantum potential is

R vp
= gy

This term has no direct classical counterpart. In TD, it may be interpreted as an effective shake-pressure
term. A sharply localized particle distribution constrains the surrounding shaking lattice into a more
restrictive statistical pattern. The more sharply localized the occupancy density becomes, the larger the
required gradients in the underlying fluctuation structure become. This produces an effective restoring or
resistance term that appears macroscopically as the quantum potential.

In this interpretation, the quantum potential is not a mysterious additional force. It is the coarse-grained
expression of how the shaking lattice resists overly sharp localization of a particle-like disturbance.
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H.6 The Wallstrom objection

The Wallstrom objection is one of the main technical criticisms of Nelson’s stochastic mechanics. Nelson’s
derivation recovers the local Madelung form of quantum mechanics, but the local Madelung equations do
not automatically enforce the global single-valuedness of the wavefunction.

In ordinary quantum mechanics, the wavefunction
W= \/Ee iS/h
must be single-valued. Therefore, around any closed loop,
$ VS - dx = nh,
where n is an integer.

Nelson’s stochastic mechanics does not by itself require this quantization condition. Without it, the theory
can admit additional solutions that are not allowed in ordinary quantum mechanics.

In TD, this condition may be interpreted as a physical closure condition rather than as an abstract
wavefunction postulate. The phase S/h is interpreted as the coarse-grained representation of a compact
cyclic orientation of the underlying dimensional configuration. Therefore, a closed physical path through
the lattice must return not only to the original spatial site, but also to a compatible internal dimensional
orientation.

Thus, for any closed physically allowed core-lattice loop v,

2 Ap = 2mn,
Y

where
S
Multiplying by #, this becomes
z AS = nh,
Y
which approaches the usual circulation condition
$ VS -dx = nh

in the continuum limit.

This suggests that TD may address the Wallstrom objection by tying phase quantization to closure of cyclic
dimensional orientation in the physical core lattice.

H.7 Spin
Nelson’s basic stochastic mechanics describes spinless particles. Spin must be added separately.

In TD, spin is not treated as a featureless intrinsic label. Rather, it is interpreted as an emergent property of
the particle’s dimensional structure and the lattice’s attempt to restore or maintain symmetry. Spin is
therefore expected to involve the coupled dynamics of spatial and electrical dimensional orientations.
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Because this requires additional internal degrees of freedom beyond the simplified scalar particle
considered in this appendix, spin is not derived here.

The present appendix should therefore be understood as addressing only the spinless, nonrelativistic limit of
TD.

H.8 Relativity and local time

Standard Brownian motion normally assumes a preferred time parameter. This is difficult to reconcile with
relativity.

In TD, local time is associated with the update behavior of the core lattice and depends on spatial-
dimensional overlap. Since the spatial dimensions themselves undergo Planck-scale oscillations, the local
effective tick rate may also acquire a stochastic component.

We may write schematically:
tn(ei) = to,n(ei) + 6tn(9i)'

where ¢ ,, is the mean local time behavior associated with large-scale geometry, and §t,, is the stochastic
contribution from local shaking.

This suggests a possible route toward a relativistic stochastic mechanics in which the stochastic process is
not imposed on a fixed external time, but is tied to local lattice update dynamics. A full relativistic treatment
is beyond the scope of this appendix.

H.9 Many-particle systems and configuration space

For a single particle, Nelson’s stochastic mechanics is relatively intuitive: the particle has a position X (t) in
ordinary space. For N particles, however, the wavefunction is

P(X1, Xz, -, Xy, 1),
which lives on a 3N-dimensional configuration space.

This raises an ontological issue: are the particles diffusing in ordinary physical space, or is the fundamental
stochastic process occurring in abstract configuration space?

In TD, the underlying reality remains the physical core lattice. Individual disturbances exist in the physical
lattice, not in an abstract configuration space. However, the joint wavefunction for many particles is
interpreted as a coarse-grained bookkeeping object over correlated lattice configurations. Entanglement
then reflects correlations among physically distributed lattice disturbances, rather than the existence of a
literal physical field in 3N-dimensional space.

This does not by itself solve the full problem of entanglement or Bell-type correlations, but it clarifies the
intended TD interpretation: configuration space is a mathematical representation of correlated physical
possibilities, while the underlying ontology remains the structured core lattice.

H.10 Markovian versus non-Markovian behavior

Nelson’s original stochastic process is usually treated as Markovian: the next step depends only on the
present state, not on the detailed past. A shaking lattice such as TD may be more complex. The local state of
a core may depend on previous oscillations, neighboring correlations, wave propagation, overlap history,
and energy exchange.
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Therefore, the exact TD process may be non-Markovian at the core scale. Nelson-type stochastic mechanics
would then arise only after coarse-graining, when memory effects are averaged into an effective diffusion
process.

This is consistent with the broader possibility that quantum behavior emerges from a deeper stochastic
substrate whose detailed microscopic state is inaccessible at macroscopic scales.

H.11 Summary

Nelson’s stochastic mechanics provides a useful mathematical bridge between classical stochastic motion
and the Schrodinger equation. However, Nelson’s theory leaves open several issues, including the physical
origin of the noise, the special value of the diffusion constant, global phase quantization, spin, relativity, and
the interpretation of many-particle configuration space.

TD offers a possible physical setting for these ingredients. In TD, the stochastic noise is attributed to
unresolved Planck-scale shaking of the core lattice. The Nelson diffusion constant can be rewritten as

2
L
2tyng

VTp =

where ng = m/m,, is interpreted as a normalized trapped-energy or overlap fraction. The quantum potential
may be interpreted as an effective shake-pressure term, and the Wallstrom phase-quantization condition
may arise from closure of cyclic dimensional orientation around closed lattice paths.

The result is not yet a complete derivation of quantum mechanics from TD. Rather, it is a proposed route: a
discrete shaking lattice may reduce, in the long-wavelength spinless nonrelativistic limit, to a Nelson-like
stochastic mechanics, which in turn yields the Schrodinger equation under appropriate conditions.
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