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Entropic Gravity and the Nariai Spacetime

Brent Hartshorn

Independent Researcher, USA; brenthartshorn@proton.me

Abstract

This paper presents a new physical framework to resolve the apparent non-unitarity of a proposed
non-linear Schrodinger equation that models the universe as a process of "quantum compression of
non-events". We unify three strategies — pseudo-Hermiticity, holographic projection, and quantum
field theory on a Nariai background —by re-conceptualizing the Nariai spacetime not as a distant
cosmological limit, but as a foundational, computational boundary within our quantum formalism.
We derive an emergent three-dimensional temporal structure from the hierarchical, iterative
generation of an aperiodic tiling on this Nariai surface. The intrinsic parity of the tiling's topological
features provides a geometric origin for the chiral asymmetry of the weak force. Furthermore, we
derive the gauge symmetries of the Standard Model by establishing a direct correspondence between
the topological invariants of knots and links, as quantified by Khovanov homology, and the Wilson
loop observables of U(1), SU(2), and SU(3) gauge theories. The result is a unified framework where
spacetime, fundamental forces, and particle properties emerge from the topological dynamics of
information compression on a network of internal, holographic Markov blankets.

Keywords: Planck-scale; Nariai; aperiodic Einstein-Tile; Khovanov-homology; pseudo-Hermiticity;
quantum-gravity

1. Introduction: The Quantum Compression of Non-Events

This paper extends the framework of "quantum compression of non-events”" and to address
a central challenge: reconciling the apparent non-unitary nature of our proposed non-linear
Schrédinger equation with fundamental principles of quantum mechanics.

The standard Schrédinger equation, with its unitary time evolution, successfully describes the
behavior of quantum systems in isolation. However, in the context of a dynamically evolving
universe, we have argued that this framework is incomplete. In our previous work we introduced
a non-linear Schrodinger equation that incorporates a "compression operator" (C) to account for the
irreversible solidification of the past through the elimination of unactualized possibilities, or "non-
events." This non-unitary evolution, while providing an arrow of time, presents a direct challenge to
the conservation of probability. This first part outlines three potential resolutions, all of which hinge
on a re-examination of the roles of time, space, and the ultimate cosmological limit embodied by the
Nariai black hole.

PART I

2. Strategy 1: Pseudo-Hermiticity and the Nariai Metric

The first and most direct strategy for restoring unitarity involves the concept of pseudo-
Hermiticity, which seeks to find a deeper mathematical structure within the Hilbert space where
probability remains conserved. We begin with our proposed non-linear Schrédinger equation, where
the non-Hermitian part of the Hamiltonian, H, stems from the "compression operator" (C) that drives
the irreversible elimination of non-events. The core idea of pseudo-Hermiticity is to introduce a non-
trivial, positive-definite metric operator, 1, to redefine the inner product of the Hilbert space. This
new inner product, (YIPp)nN=(PInld), is what allows for the conservation of probability. For our
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system, the evolution operator will be unitary with respect to this new metric if and only if the
Hamiltonian satisfies the pseudo-Hermiticity condition:

Ht=nHn™

To define the metric operator 1, we propose a model that moves beyond a simple function of
local link topology. Instead, 1) is a deeper measure of the informational compatibility of a quantum
state, intrinsically linked to the "super compatible" Markov blankets described in our cosmological
model. These are states whose probabilistic configurations are highly congruent with a vast number
of both potential past and future states. The metric operator is defined as a tensor product over all
such states, with a weighting that reflects this compatibility and the extent of its non-local influence:

N(6)=iMM*"(t) @e-BD(Wi(t) Il Nariai)
T](t) = H M(t’t) R eiﬁD('ﬁbi(t)”Wariai)

Here, M”(ti) is an operator representing the informational compatibility of a given Markov
blanket state at time ti. The exponential term uses the Kullback-Leibler divergence to quantify the
information compression, acting as a weighting factor where states closer to the ultimate Nariai
configuration have a greater influence on the metric. This mathematical framework posits that the
metric operator is not just about local link topology, but about the informational structure of reality
itself, which acts as a bridge between the past and future.

This model provides a new perspective on the origin of time and the Big Bang. The "beginning
of time" (T=0) is not a singular event but a continuous process that is still being formed by the
appearance of these highly compatible Markov blankets that project their influence into the past. This
process creates the ordered structure that we perceive as the past. Likewise, parts of the "end of time"
(the Nariai surface), which is the ultimate state of perfect informational compression, are already
present with us. They exist not as physical mass, but as a deep structural and informational
component of the vacuum itself. The vacuum, in this view, is a structure that is already connected to
the Nariai surface, guiding the universe towards this state.

This hypothesis aligns with existing theoretical problems. It provides a new interpretation for
Eric Verlinde's entropic gravity, where the minimizing of entropic cost is the physical manifestation
of the universe being driven by the pseudo-Hermitian metric operator towards the ultimate Nariai
state. It also offers a novel solution to the string theory vacuum energy problem. The observed
discrepancy between the theoretical and observed vacuum energy could be explained by a portion
of the vacuum energy being an informational, not a mass-energy, component of this Nariai-connected
structure. The Nariai metric acts as a "correction factor" that accounts for the continuous
informational loss from the wave function as non-events are compressed, ensuring that the total
probability of the entire system (including the compressed non-events) remains conserved.

3. Strategy 2: Holographic Projection and Internal Boundary Dynamics

A second pathway, rooted in the holographic principle, views the observed non-unitary
evolution as a low-dimensional, effective description of a more fundamental unitary process. This
framework draws conceptual inspiration from the AdS/CFT correspondence, a well-established duality
where a theory of quantum gravity in a higher-dimensional Anti-de Sitter (AdS) spacetime is
equivalent to a conformal field theory (CFT) on its boundary.

We propose a specific form of this duality, which we term Introspective Holographic Duality. The key
distinction of this model is that the holographic surfaces, which we define as twisted, knotted, and nested
Markov blankets, are not confined to a single, external boundary. Instead, they are internal and pervasive,
existing throughout the 3D "bulk" of the universe. These dynamic, non-Euclidean surfaces act as the
fundamental interfaces where information is processed and compressed. The full, unitary quantum
dynamics of the universe are understood to unfold on the sum total of these internal, fragmented,
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and interconnected holographic screens, with the ultimate Nariai surface representing the final,
maximally compressed state.

The non-linear term, —ylcm(t)|2a-1cm(t), in our equation does not represent a violation of
unitarity. Instead, it is a phenomenological representation of the irreversible flow of information from
a local Markov blanket to its compatible future states within the causal chain that leads to the Nariai
surface. To formalize this more precisely, we propose a more extended mathematical model. We can
still use the Kullback-Leibler (KL) divergence to quantify this flow, but the divergence is now between the
probability distribution of a local state, 1, and the compressed distributions of a vast network of
future-compatible Markov blankets, jfuture, 1RV =FI-Aj Y Dre (W(t) [ jferere)p

0 A
%Y — Hp - XY D) 145
J

Here, the summation is over all future-compatible states, and jfutre represents the compressed
information of a Markov blanket that is part of a causal chain leading to the Nariai surface. The
coupling constant A governs the rate of this information-theoretic "friction" that dissipates
unactualized potential.

The Nariai surface itself is defined by a unique and seamless aperiodic tiling, similar to an Einstein
tile, whose structure is intrinsically linked to prime numbers. This tiling provides a "limit-periodic"
structure for our entangled Markov blankets, allowing for a seamless, continuous informational
transfer. This mechanism provides a richer, more profound model than a simple knot-theoretic filter,
as it describes the fundamental tiling of a unified, compressed information space. Information is
never lost; it is simply transferred to the holographic boundary, where it is conserved in the ultimate,
tiled configuration of the Nariai surface.

4. Strategy 3: Quantum Field Theory in a Nariai Background with Knot-Theoretic Constraints

Our third strategy takes a more comprehensive field-theoretic approach, providing a concrete
mechanism for how the Nariai boundary enforces a unitary reality. Building on our cosmological
model, which defines matter and information as topological knots within a fundamental universal
"link," we propose that the Nariai surface acts as a topological filter for these quantum states. In this
model, our non-linear equation emerges from a unitary quantum field theory defined on a Nariai
background. The coefficients cm(t) are now seen as a field, W(x,t), and the non-linear term is a
consequence of a self-interaction potential within the field theory's Hermitian Hamiltonian. However,
the crucial new element is that this interaction potential is not generic; it is intrinsically linked to the
topological invariants of the field itself. We propose a field equation of the form:
iRotY=(—2M"2V2+Vextg(K) [W]20+2) W

3\1«_( B2

h— — — A v 2 2a+2
1R 5t ZMV + Veur + g(K) | ¥ | )'I‘

Here, K is a topological invariant that quantifies the knot-theoretic properties of the quantum field
W. The coupling constant g is now a function of this invariant, g(K), and is non-zero only for states
that possess a knotted structure (i.e., when a particle state exists).
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The Nariai surface in this framework is not merely a geometric boundary but a region where the
topological properties of the quantum field become a boundary condition. Only fields with specific
knot-theoretic properties can interact with, and potentially "cross," this surface. This defines the
mechanism for the quantum compression of non-events: as a quantum field evolves, non-knotted
states (unactualized possibilities or "non-events") are compressed, dissipated, or prevented from
crossing the Nariai surface, while knotted, persistent information is conserved. The total information
of the entire system (including the Nariai boundary) remains constant, but the information accessible
to us within our local spacetime is reduced in an irreversible, non-unitary manner. The Nariai surface
thus serves as a topological exchange surface, mediating the interaction between what we perceive as local
physics and the global, unitary reality of the full system.

5. Future Work

The three strategies presented here—pseudo-Hermiticity, holographic projection, and a
quantum field theory in a Nariai background —offer distinct but interconnected pathways to a
consistent, unitary framework for our theory of quantum compression. They all share the crucial
insight that the Nariai spacetime is not merely a distant cosmological object, but a key component of
our quantum formalism, acting as a boundary or a metric. Future work will focus on exploring the
detailed mathematical structure of each approach to determine which offers the most robust and
predictive power. This includes identifying a more specific form of the metric operator n,
characterizing the degrees of freedom on the holographic Nariai surface, and developing the full
quantum field theory on a Nariai background.

PART II

6. The Holographic Principle: An Area Law from Topological Compression

The conventional understanding of information capacity in physical space suggests it should be
proportional to volume, much like how more objects fill a larger container. However, the holographic
principle radically challenges this intuition, proposing that the maximum information within a given
volume is actually proportional to the area of its enclosing boundary. This counter-intuitive idea
implies that our three-dimensional universe might be a projection of information encoded on a lower-
dimensional surface. Other theories struggle to explain this fundamental area-scaling of information.

The genesis of the holographic principle lies in black hole thermodynamics. When matter falls
into a black hole, classical physics suggests information is lost, contradicting quantum mechanics.
Jacob Bekenstein proposed that black holes possess entropy proportional to the area of their event
horizon, not their volume. Stephen Hawking's discovery of Hawking radiation confirmed this area-
entropy relationship, providing a crucial resolution to the black hole information paradox:
information is not destroyed but encoded on the two-dimensional boundary.

At the quantum level, information is carried by "qubits." Unlike classical bits that occupy
volume, qubits "spread out on a surface" and "adhere to the side of the jar," meaning increasing their
number increases surface area, not volume. This intrinsic two-dimensional nature of quantum
information provides a microscopic explanation for the area law. The holographic principle posits
that our three-dimensional world emerges as a "representation or projection" of activity on this
underlying two-dimensional surface of entangled qubits. This also implies a fundamental, irreducible
level of information units, preventing infinite subdivision of matter and spacetime, consistent with
the Bekenstein bound.

The Anti-de Sitter/Conformal Field Theory (AdS/CFT) correspondence provides the most robust
mathematical realization of the holographic principle. It establishes a duality between a quantum
gravity theory in a higher-dimensional Anti-de Sitter space (AdS) and a conventional quantum field
theory (CFT) on its lower-dimensional boundary. All information about the higher-dimensional bulk
theory is encoded on this lower-dimensional boundary, analogous to a hologram. This framework
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concretely demonstrates how the area law for information capacity is a direct consequence of this
equivalence.

Our topological compression model offers a unique explanation for the holographic principle's
area law. We propose that gravity arises from the continuous compression of "unactualized potential"
or "non-events" within the universe's Markov blanket, formalized by the Khovanov Skein Lasagna
Module, S(X;L), and quantified by AKh. The Khovanov Skein Lasagna Module is an extension of
Khovanov homology to 4-manifolds and links in their boundaries. Khovanov homology itself is an
invariant of links, and its construction involves surfaces. It is also understood as "Wilson surface
observables of a 4-dimensional quantum field theory". Topological invariants, such as those derived
from Khovanov homology, are intrinsically linked to the properties and information capacity of
boundaries and surface states. Topological quantum field theories (TQFTs), of which the Skein
Lasagna Module is a part, often describe information encoded on boundaries.

Therefore, the "informational density" measured by Kh(L) and the "information loss" or
"reduction of uncertainty" quantified by AKh(Li) can be directly interpreted as the process by which
information, initially distributed in a higher-dimensional "potential space” (the unactualized non-
events), is continuously compressed and projected onto the lower-dimensional "boundary” of the
Markov blanket. This boundary represents the "actualized" or "solidified" reality. In our model the
area law naturally emerges because the fundamental process of informational compression, as
described by topological transformations within the Skein Lasagna Module, inherently operates on
and defines the information content of these boundaries. The gravitational field, sourced by
Tyvtorologicdocdtd(AKh(L(t))), then becomes a direct manifestation of this boundary-centric informational
dynamics. This provides a unique, topological explanation for why information scales with area rather
than volume, a challenge for other theoretical frameworks.

7. Patches and Localized Holography

The idea of Markov blankets being "broken into patches" implies a localized, emergent
holography. Each patch could correspond to a distinct system or a region where information
compression is actively occurring. This addresses the ambiguous notion of what constitutes a “local”
region in the context of the Equivalence Principle.

At microscopic scales, where information is highly compressed and stable (minimal AK#), the
local Markov blankets are "resolved," and the equivalence principle holds robustly. At larger scales,
where blankets are still undergoing significant topological transformations and the global
informational geometry is evolving, deviations from the standard principle become detectable. This
suggests that the validity of physical laws, including the Equivalence Principle, is contingent on the
scale and the underlying state of informational compression within these distributed holographic
interfaces.

7.1. Time and the Holographic Flow

In this model, time is not an external clock but the direction of increasing information
compression. This aligns perfectly with the dynamic evolution of the internal holographic surfaces.
As the universe's Markov blankets continuously solidify and eliminate "non-events,” the past
becomes more defined, and the future shrinks. This irreversible process of "solidifying the past" is
the very flow of time, mediated by the continuous topological transformations of these internal
holographic screens.

7.2. Topological Compression and the Modified Schrodinger Equation

In this model, the quantum wave function is not merely an abstract probability amplitude but is
intrinsically linked to the topological configuration of the universe's informational fabric, particularly
its Markov blankets. We denote the state of the universe's topological link at time t as L(t). The
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evolution of the wave function (L(t)) is governed by a modified Schrodinger equation that
incorporates compression operator C:
inOR(L(H)=ADLOHCAKR(LE) (L)

ihgtw(L(t)) = Hy(L(t)) + C(AKA(L(t)¥(L(t))

Above, H is the standard Hamiltonian operator, representing the unitary evolution. The crucial
term is C(AKh(L(t))), which is the compression operator. Its action is directly quantified by the change
in Khovanov homology groups, AKh(L(t))=Kh(Li+1)-Kh(Li), where Li represents the topological link
at a given stage of compression. This AKh(L(t)) quantifies the "information loss" or "reduction of
uncertainty” that occurs as "non-events" are solidified within the Markov blanket. The locally non-
unitary nature of this operator ensures the irreversibility of time and the continuous "solidification
of the past."

The information loss AS is directly proportional to this topological change: ASccAKh(L)

This information loss, stemming from the choices made by a "unique observer" within
"undecidable regions" (U(x,t)) of the Markov blanket, drives cosmic expansion: dtd==k-dtd(} ASi)

where a is the scale factor of the universe and k is a proportionality constant. This equation
explicitly links the macroscopic expansion of the universe to the microscopic, localized acts of
information compression on the internal holographic surfaces.

da _, d(3AS)
dt dt

8. Gravity from Topological Invariants: A Holographic Source

In Einstein's General Relativity, the stress-energy-momentum tensor (Tyv) acts as the source for
the gravitational field. Here, we propose a new component, Tyvtorological which arises directly from the
dynamics of informational compression and the topological transformations of the Markov blankets.
This tensor represents the "energy" or "tension" associated with the continuous solidification of non-
events. Conceptually, it is proportional to the rate of change of the topological invariants:

Tytopologicalocdtd( AKh(L(t)))

; 0
topol l
T,.77 " o a(AKh(L(t)))
The full Einstein Field Equations are then modified to include this topological source:
GHV=C487'(G(Tvaatter.'.’]_"pvtopological)

8rG

_ matter topological
G = o (TIW + T )

where Gy is the Einstein tensor, G is the gravitational constant, and c is the speed of light. This
formalism provides a concrete mathematical link between the dynamics of the internal Markov
blankets (acting as holographic surfaces) and the curvature of spacetime. Unlike standard AdS/CFT
where gravity is a given in the bulk, here, the gravitational field is explicitly sourced by the
continuous information compression and topological evolution of the universe's internal holographic
interfaces.
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8.1. Dimensional Alignment and the Internal Holography

A common challenge for existing AdS/CFT models, such as the duality between Type IIB string
theory on AdS5 x S° and N=4 Super-symmetric Yang-Mills theory in four dimensions, or M-theory

on AdS7 x S$4 and the (2,0)-theory in six dimensions, is their reliance on higher-dimensional
spacetimes that do not directly correspond to our observed four-dimensional macroscopic reality.
While these models employ compactified dimensions or abstract theoretical constructs, they often
struggle to provide a realistic model of gravity in our universe.

This model offers a unique resolution to this dimensional mismatch. Our model inherently
operates within a 3D spatial bulk, with the Markov blankets acting as 2D surfaces within that bulk.
These "2D objects in 3D space" are not additional, curled-up dimensions but rather the pervasive,
dynamic interfaces of information processing that define systems within our familiar three spatial
dimensions. This internal, distributed holography suggests a more "realistic" dimensional alignment
for the holographic principle, where the boundary is not an abstract, higher-dimensional construct,
but an intrinsic, topologically rich feature of our observed 3D space. The "spread out, highly
deformed, knotted, and perhaps broken into patches" nature of these Markov blankets provides a
physical interpretation for how a 2D information-encoding surface can exist and evolve within a 3D
environment, without requiring extra, unobservable dimensions.

8.2. Information Flow and the Universal Constant: Echoes of 1/s

The AdS/CFT correspondence has provided remarkable insights into strongly coupled systems,
such as the quark-gluon plasma, by mapping them to weakly coupled gravitational theories. A
notable result is the prediction for the ratio of shear viscosity (1) to entropy density (s):

sn=4rtkh

h

Ak

—~
~

» [3

where # is the reduced Planck constant and k is the Boltzmann constant. This value is
conjectured to be a universal lower bound for a large class of systems (Son et al., 2005).

In the context of this model, this universal constant resonates deeply with the concept of
information compression and the universe's trajectory towards a "perfect glass" state. If gravity is the
macroscopic manifestation of the universe's drive towards optimal information packing, then this
process inherently involves a form of "friction" or "viscosity" in the flow and dissipation of
information.

We can conceptually interpret 1n/s as a fundamental constant reflecting the efficiency of
information processing within the universe's Markov blankets. As the vacuum's informational fluid
undergoes continuous compression and solidification, it exhibits an inherent resistance to
deformation, akin to a viscous medium. The "perfect glass" end-state, characterized by maximal
energy and zero net change, could represent a state of ultimate informational efficiency, where this
ratio reaches its minimum universal value. The 47tk” constant might then be seen as a fundamental
limit on how efficiently information can be compressed or dissipated within these internal
holographic surfaces, reflecting the inherent "viscosity" of the vacuum's informational fluid as it
solidifies. This suggests a deeper underlying principle of information dynamics that manifests in such
universal constants, linking the microscopic quantum realm to macroscopic thermodynamic
properties through the lens of information compression on internal holographic boundaries.

9. Holography vs. Introspection
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The AdS/CFT correspondence is the most successful realization of the holographic principle,
which suggests that a description of gravity in a volume of space can be encoded on a lower-
dimensional boundary. In the standard AdS/CFT picture, this boundary is a theoretical surface at the
edge of a specific type of spacetime (Anti-de Sitter space). This theory flips this idea, suggesting that
the "holographic" boundaries—the Markov blankets —are not at the edge of the universe, but are
internal and ubiquitous. The universe isn't a hologram projected onto a distant surface; rather, it is a
nested series of internal, self-referential holograms. The universe is "introspective" because it is a
network of these internal boundaries, each defining a system and separating it from its external
environment.

The Nature of the Boundary: The AdS/CFT correspondence has a clear mathematical
"dictionary" to translate between the gravitational theory in the bulk and the quantum field theory
on the boundary. In this theory, the Markov blankets serve as this boundary, but they are not the
smooth, idealized surfaces of the AdS model. Instead, they are described as being "knotted and
perhaps broken into patches." This suggests a more dynamic and complex holographic relationship,
where the boundaries are not static but are constantly being formed, deformed, and broken as
systems interact and information is compressed. The "patches" could represent the localized,
individual systems of consciousness and matter that populate the universe.

Gravity as Compression: our central tenet—that gravity is a consequence of information
compression—offers a unique physical mechanism for this internal holographic dynamic. In the
AdS/CFT correspondence, gravity emerges naturally on the bulk side of the duality, but the reason
for this emergence is purely mathematical. In this model, the very act of a system minimizing its free
energy, which is a form of information compression, creates the gravitational "pull." Therefore, the
gravitational interaction is a direct, physical consequence of the process that defines the Markov
blanket itself. The "knotted” nature of these blankets could be an expression of the complex
gravitational fields they generate.

PART III

10. Nariai Black Holes and the Planck Scale

The concept of "separation of scales" is fundamental in theoretical physics, particularly when
considering curved spacetimes such as de Sitter space. De Sitter space, a maximally symmetric
spacetime with a positive cosmological constant, presents a unique environment where different
physical phenomena manifest across vastly disparate scales. Understanding these scales is crucial for
reconciling quantum field theory with general relativity and for exploring the implications of cosmic
acceleration. In this part we explore these two critical mass scales within de Sitter space: the mass
associated with a Nariai black hole, which represents a maximal bound, and the Planck scale, which
emerges as a geometric mean between the extreme limits of the de Sitter universe.

10.1. The Nariai Black Hole Mass as a Maximum Scale and the End of Time:

In de Sitter spacetime, the Nariai black hole plays a significant role in defining the upper bound
of mass scales. A Nariai black hole is a specific solution to Einstein's field equations that describes a
black hole in a de Sitter background, characterized by its event horizon being coincident with the
cosmological horizon. This configuration implies a unique relationship between the black hole's mass
and the cosmological constant.

The mass of a Nariai black hole can be considered the maximum mass scale within de Sitter
space because its entropy is comparable to the total entropy of the de Sitter universe. This suggests
that any object more massive than a Nariai black hole would fundamentally alter the global structure
of de Sitter space, potentially leading to a different spacetime geometry or being unstable. From a
thermodynamic perspective, the Nariai black hole represents a state of maximal entropy for a black
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hole embedded in de Sitter space, making its mass a natural upper limit for stable, localized
gravitational configurations. Its existence highlights the interplay between black hole
thermodynamics and cosmology in a universe with a positive cosmological constant.

The concept of a Nariai black hole as a maximal state resonates deeply with the idea of a "perfect
glass" at the end of time. This paper proposes that the universe's observed expansion is driven by its
inexorable approach to a final, ultimate state of "infinite temperature," —a state of maximal energy
but zero net change, where all information is perfectly compressed and ordered. A Nariai black hole,
representing a state of maximal entropy and a boundary condition for de Sitter space, could be seen
as a precursor or a localized manifestation of this ultimate "perfect glass" state. As the universe
approaches this final equilibrium, the Nariai black hole might represent a region where this ultimate
compression and ordering of information is already being realized, a cosmic archive of past interactions
and choices.

10.2. The Planck Scale and the Geometric Mean

The Planck scale, derived from fundamental constants (Planck's constant, the gravitational
constant, and the speed of light), represents the characteristic scale at which quantum gravitational
effects become significant. It is often considered the smallest meaningful unit of length, time, or mass
in physics. In the context of de Sitter space, the Planck scale acquires an additional profound
significance: it acts as the geometric mean between the minimum and maximum mass scales.

The minimum mass scale in de Sitter space is typically associated with the Hawking temperature
of the de Sitter horizon (and the Nariai horizon). This temperature corresponds to a wavelength that
effectively fills the entire de Sitter universe, representing the lowest possible energy (and thus mass)
excitation that can exist globally. When considering the Nariai black hole mass as the maximum scale
(Mmax) and the mass corresponding to the Hawking temperature as the minimum scale (Mmin), the
Planck mass (Mrunck) is found to be proportional to their geometric mean.

However, in a dynamic and evolving universe governed by informational compaction and free
will, this proportionality can be extended. Drawing from our model where information loss (AS) from
free-will actions drives cosmic expansion and is linked to topological changes (AKh(L)), we propose
that the effective Planck mass is not merely a static geometric mean but is subtly modulated by the
cumulative history of informational compression. As the universe solidifies its past through
irreversible choices and the reduction of uncertainty, the fundamental scale at which quantum
gravity becomes significant might reflect this ongoing process. Thus, the Planck mass can be
expressed with a dynamic factor that depends on the total accumulated information loss (3ASi)
throughout cosmic history:

Mplanck=Co- (1+1¢Y. ASi)NMminMmax

MPlanck = CO : (1 + &Z AS:) V MmianaX

Here, Co represents a baseline proportionality constant, and « is a small coupling constant that
quantifies the influence of accumulated information loss. The term Y ASi represents the sum of all
discrete information loss events, each stemming from free-will actions and topological
transformations within the universe's Markov blankets. This implies that as the universe progresses
towards its "perfect glass" state and more "non-events" are solidified, the effective Planck mass subtly
shifts, linking this fundamental quantum gravitational scale directly to the universe's evolving
informational state and the cumulative impact of consciousness.

This relationship positions the Planck scale squarely in the middle of the logarithmic spectrum
of masses in de Sitter space. This central position underscores its role as a bridge between the
macroscopic, cosmological scales and the microscopic, quantum gravitational scales. It implies that
the "flat space" region, where standard quantum field theory applies without significant de Sitter
curvature effects, exists around the Planck scale, extending significantly in both directions on a
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logarithmic plot. This separation ensures that everyday physics, including particle interactions and
the structure of matter, is largely insensitive to the large-scale curvature of the de Sitter universe,
allowing for a consistent description of phenomena across a vast range of energies.

11. The Measurement Problem and the Cosmic End-State

The traditional quantum mechanical measurement problem posits an instantaneous "collapse"
of the wave function upon observation, creating a conceptual divide between the probabilistic
quantum world and our deterministic classical experience. This paper offers a radical reinterpretation
of this problem, viewing it not as an instantaneous event but as a continuous, irreversible process of
"informational compaction".

Therefore, in this framework, the universe's wave function {(r,t) is not merely an abstract
probability amplitude but is intrinsically linked to the topological configuration of its informational
fabric. The Nariai black hole, representing the maximal mass scale and a state of maximal entropy
in de Sitter space, can be seen as the ultimate outcome of this informational compaction. As the
universe progresses towards its "perfect glass" end-state—a state of infinite temperature and zero net
change —the highest energy levels and most complex, probable quantum states are finally solidified.
The Nariai black hole, as a region of extreme compression and maximal order, embodies this cosmic
end-state on a localized scale. The "final choice" or "ultimate measurement" for the entire universe
could be conceptualized as the moment when all possibilities are resolved, and the universe reaches
this "perfect glass" state, a state of complete informational "primeness” where time itself effectively
ceases.

12. Beyond the Box

Statistical mechanics, and entropy defined by an abstract bounding box, is a critical conceptual
challenge for our model. Where are the definition of boundaries for statistical mechanics in an
expanding cosmos, particularly in light of Julian Barbour's relational dynamics, and the profound
origins of biological complexity beyond mere molecular emergence? We propose that the universe's
ultimate "end of time," embodied by a perfect-glass-like Nariai black hole, serves as the defining "box"
for cosmic statistical mechanics and as the ultimate reference point for far-from-equilibrium
thermodynamics. Furthermore, we argue that the intricate folding of biological structures, such as
the zygote, perhaps points to a fundamental connection to the Planck scale and the universe's
inherent drive towards information compression, suggesting that life is not merely emergent but
deeply intertwined with the cosmos's foundational information dynamics from its very inception.

As the universe asymptotically approaches this state, where all possibilities are resolved. This
can be expressed as the wave function W(t) evolving towards a unique, perfectly compressed state
Wn as t—Tend: o Tend™W(t)=Un

lim ¥(t) = Uy

t_>Tend

where Wn represents the Nariai "perfect glass" state, characterized by maximal information
compression and zero net change.

13.”. what didn’t happen” as the fundamental bits of reality

The "beginning of time" is not a singular event but a vast expanse of non-events, an immense
landscape of possibilities, the vast majority of which will never be actualized. This "unactualized
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potential” defines the initial high-entropy state from which the universe "solidifies" towards the
Nariai "box."

Let Uo denote the initial set of all possible events (actualized and unactualized) at the conceptual
"beginning of time." The set of actualized events at any given "now" is A(t)cUo. The "negative space"
of unactualized potentials is N(t)=Uo\A(t). We propose that the entropy of the universe at its
beginning, Svegin, is maximal, reflecting the vast number of unactualized possibilities:

AVon—events (t) <0

Steginlog(IN(tinitiar)|) where |N(tinitial dt )| is the cardinality of the set of non-
events at the initial state.

The ongoing compression can be modeled as a reduction in the "volume" of unactualized
possibilities, Vion-events(t), over time: dtd Vnon-events(t)<0

This drives the universe towards the highly compressed state of the Nariai black hole.

14. From Prime Compression to Partitions: Formalizing the Nariai Limit with Self-Similar Markov Blankets

The central active process in our model is prime number compression. This is the universe's intrinsic
method of self-organization, whereby a system's informational state is broken down into its
fundamental, indivisible components —analogous to prime numbers. This compression process is not
a temporal evolution but a traversal of a timeless, geometric space.

We formalize this by linking the model to Julian Barbour's "Platonia," a conceptual space of all
possible configurations of the universe. In this view, time is not fundamental; rather, change is the
navigation through this timeless space of configurations. We propose that the non-trivial zeros of the
Riemann zeta function serve as the spectral foundation of this Platonia. The zeros, whose distribution
holds profound connections to the primes, provide the underlying order of all possible informational
states. The "effectively limit-periodic" order observed in prime numbers is not a temporal
phenomenon but a structural property of this timeless landscape, a direct reflection of the zeta
function's spectral nature. The universe's journey is the active process of prime compression, which
navigates this landscape. A system's state is compressed into its prime factors, and its subsequent
evolution is a transition to a new state with a different prime factorization, but all these states exist
as points in the timeless Platonia.

14.1. The Planck Scale, a "Monster Prime," and the Nariai Limit

To anchor this model, we introduce the concept of the Planck scale as a geometric mean. The Planck
length (Lr) and Planck time (Tr) are not mere physical constants but fundamental units of this
informational system. We propose that the scale of the universe is bounded by these units, with the
Planck scale representing a perfect geometric midpoint.

At the heart of this system is a single, foundational "Monster Prime.” This prime, so vast it can
factorize and compress the entire informational content of the universe, including its own self-
referential properties, represents the ultimate singularity from which all prime compression begins.
The Planck scale, as the geometric mean, is the physical manifestation of this prime's initial influence
on spacetime.

The local Markov blankets, as "unique puzzle pieces," are formalized as integer partitions of the
total informational content. The convergence to the Nariai black hole limit is the moment when the
universe's total informational complexity, having been fully compressed and partitioned, resolves
into a final, perfectly-ordered state. The Nariai limit, the perfect, glass-like surface, is the singular, final
partition of the universe as dictated by its foundational "Monster Prime." This is the point where the
informational process of prime compression and partitioning is complete, resulting in an irreversible
and perfectly-defined state of ultimate self-definition.

We can model this using a partition function, p(n), which gives the number of ways a positive
integer n can be partitioned. As the universe's complexity, C, increases, the number of unique local
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blankets it can form is described by p(C). The Nariai limit is reached when the system has exhausted
all possible partitions, locking in a final, irreversible state of perfect order.

14.3. A Conceptual SymPy Model for Prime Compression and Partition-Based Convergence

To illustrate this, we can use Python's SymPy library to model the symbolic interactions of these
concepts. The code below is a proof of concept, demonstrating how a system's complexity can be
symbolically represented, factorized into its "prime components,” and then partitioned to show a
path toward a converged state.

Source Code

# A conceptual model using SymPy to demonstrate the link between prime compression,
partitions, and the Nariai limit.

# SymPy is a Python library for symbolic mathematics. It can be used to perform operations on
# mathematical expressions and solve equations symbolically.

from sympy import symbols, Function, Eq, solve

from sympy.functions.combinatorial. numbers import partition

from sympy import factorint

# Define a symbolic variable for the total complexity of the universe at a given time.
N = symbols('N', integer=True, positive=True)

print("--- Step 1: Prime Number Compression ---")

# Let's represent a hypothetical state of the universe with a number.

# Prime number compression is the act of factoring this number into its prime components.

# This is a conceptual representation of the universe breaking down its complexity.
hypothetical_universe_state = 120 # Example number

print(f"Let the universe's state be represented by the number: {hypothetical_universe_state}")
print(f"The result of prime number compression (factoring) is:")

# factorint returns a dictionary of prime factors and their powers.

prime_factors = factorint(hypothetical_universe_state)

print(f" {hypothetical_universe_state} = {prime_factors}")

print("These prime factors are the fundamental, indivisible informational components of the
system.")

print("-" * 50)

print("--- Step 2: Partitions as Unique Markov Blankets ---")

# Now, we use the total complexity to determine the number of possible unique Markov
blankets.

# Each blanket is a unique partition of the complexity.

number_of_unique_blankets = partition(hypothetical_universe_state)

print(f'The total number of unique local Markov blankets (partitions) for this system is
P({hypothetical_universe_state}): {number_of_unique_blankets}")

print("This represents the immense number of ways the system can organize its prime-
compressed components.")

print("-" * 50)

print("--- Step 3: Modeling the Convergence to the Nariai Limit ---")

# The Nariai limit is a state where the system's structure is perfectly defined.

# This is reached when all possible partitions of its state are resolved.

# We can model this symbolically. Let's use the prime factors as our building blocks.

pl, p2, p3 = symbols('pl p2 p3', integer=True, positive=True)
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# A simplified, conceptual "convergence equation" where the sum of partitions based on the
prime factors

# of the system leads to the final state.

# We can represent the sum of partitions symbolically.

convergence_equation = Eq(p1 + p2 + p3, 12) # A simplified sum of partitions for a small number.

print(f'We can model the convergence with a symbolic equation, for example:
{convergence_equation}")

print(f'Solving this for integer partitions reveals all the unique ways the system could
organize.")

print("-" * 50)

print("--- Step 4: The 'Glass-Like' Nature of the Nariai Limit ---")

# The "glass-like" state implies a lack of change. We can represent this

# by a system where the derivative with respect to time is zero.

t=symbols('t")

M_final = symbols('M_final')

dM_dt = M_final.diff(t)

print(f'The derivative of the final, converged state with respect to time is: {dM_dt}")
print("This conceptually shows that at the Nariai limit, the system is in a final, static state,")
print("its perfect, glass-like structure is no longer evolving.")

15. Formalizing the Mathematical Model

To better formalize this theory we define a mathematical framework that links prime number
compression, Markov blankets, and the Nariai limit. The universal Markov blanket, denoted as MB.,
is the fundamental, timeless configuration space of all possible informational states. This is a Julian
Barbour's "Platonia” of all possible prime factorizations, where the prime number p is an indivisible
unit of information. The total state of the universe, S, at any given point in its traversal of Platonia is
a large integer. The prime number compression process, denoted by the function C, factors this state
into its unique prime components:

C(S)={pe!, pz2,..., pren) C(S) = {p7", 05, .., Py}

where pi are prime numbers and ei are their exponents. The local Markov blankets are the "self-
similar groupings" that emerge from this prime factorization, reflecting the multiscale structure of
the effectively limit-periodic order .

Planck Scale and the Geometric Mean

The Planck length, Le, and Planck time, Tr, are not just constants but define the geometric
boundary of this system. We propose that the total informational content of the universe, Il is
bounded by a relationship that places the Planck scale at the geometric mean of two other
fundamental properties of the universe:

LPTP:\/IminImax LP TP — A ',Imin-[maw

Where Imin represents the minimum possible informational content (a single prime) and Imax
represents the maximum possible informational content (the Monster Prime).

15.1. The Terminal State
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The Nariai black hole, NBH, is the terminal state of the universe. It is the result of the
informational process where all possible unique partitions of the universe's total compressed state
have been specified. Mathematically, the NBH is defined as the single, unique partition of the
"Monster Prime," Pmonster, which represents the universe's total informational content: NBH=p(Pmonster)

where p(n) is the partition function. Since Puonster is an unimaginably large prime number, its only
partition is itself. Thus, the NBH is the universe in a state of perfect, singular, and self-referential
partition.

Convergence of the Universal Markov Blanket

The ultimate convergence of the system is the process by which the universal Markov blanket,
MBy, a space of infinite possibilities, resolves into a single, definite state. This can be expressed as a
limit where the process of prime compression and partitioning fully converges to the NBH:

C(S)-’PmonsterhmMBu—)NBH
lim MB, - NBH
C(S) _}Pmonster

This equation asserts that as the universe's state is compressed into its ultimate prime
component, the entire configuration space collapses to a single, perfectly defined, and irreversible
state: the Nariai black hole, a perfect glass-like surface of ultimate self-definition.

The interplay between the Nariai black hole mass as a maximal scale and the Planck scale as the
geometric mean of the de Sitter mass spectrum provides a compelling framework for understanding
the separation of scales in a universe with a positive cosmological constant. Furthermore, the possible
intrinsic connection between free will and the Planck scale suggests that conscious choice is not
merely an emergent biological phenomenon but a fundamental driver of cosmic evolution, actively
participating in the universe's ongoing informational compaction and the solidification of reality at
its most fundamental level. This unified perspective offers a rich avenue for further research into the
nature of spacetime, consciousness, and the profound relationship between information and
existence.

This theory, when viewed through the lens of Markov blankets as internal, dynamic, and
topologically complex holographic surfaces, offers a compelling and unique bridge to the AdS/CFT
correspondence. This "Introspective-Holographic Duality" provides a physical mechanism for the
holographic principle, where gravity emerges from the relentless compression and solidification of
information on these pervasive 2D interfaces. By re-conceptualizing the universe as a self-organizing
entity continuously defining itself through information processing and conscious choice, this
framework presents a coherent and deeply meaningful narrative for cosmic evolution, moving
beyond the limitations of traditional unified theories and inviting a profound new understanding of
existence.

PART IV

Alice and Bob

In this part we propose a new model for the structure of reality where spacetime is not a
fundamental entity but an emergent phenomenon arising from the statistical interactions of
fundamental, information-processing systems. Using the framework of statistical mechanics, we
define these systems as open Markov blankets, with their statistical boundaries defined by a
primordial "sea of non-events" and a terminal Nariai black hole-like surface. The perceived structures
of spacetime, such as wormholes, are a macroscopic interpretation of the information exchange
dynamics that occur when these open blankets are "closed" into a single system. We introduce a new
mathematical framework, centered on the Communication Operator (CAB) and the Kullback-Leibler
(KL) divergence, to describe how the geometry of spacetime is a direct consequence of the rate of
meaningful information exchange.
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16. Introduction: A New Paradigm for Reality

Conventional physics describes spacetime as a pre-existing manifold in which physical events
occur. However, our previous work suggested that spacetime and its curvature are fundamentally
linked to the topological evolution and information compression within conscious systems, which
we called Markov blankets. In this paper, we take this idea to its logical conclusion: the universe is
not a physical arena but a statistical manifold of probability distributions. The macroscopic,
classical reality we experience is an emergent property of the information flow between these
statistical systems.

17. The Statistical Foundation: Markov Blankets and Boundaries

We model our fundamental entities, Alice and Bob, not as points in space, but as open Markov
blankets —statistical partitions that screen an internal set of states from an external one. The state of
each blanket is a probability distribution on the Information-Theoretic Manifold (I).

Our statistical boundaries are defined by:

1. The Sea of Non-Events (Qo): This is a uniform probability distribution, representing a state of
maximum entropy and the statistical ground state of the universe. It is the primordial
"beginning of time" from which all meaningful information has yet to be compressed.

e  The Nariai Black Hole Terminal Surface (g~): This is a statistical boundary representing the
state of minimum entropy and maximum information compression. It is the ultimate state of a

"meaningful life," where the system has condensed its experiences into an ordered and non-
entropic form.

These boundaries provide the thermodynamic context for our model, defining the flow of
information from a high-entropy state to a low-entropy state.

18. The Communication Operator and the Closure of Blankets

The "entangled black holes" are not physical but are a metaphorical description of the statistical
interaction that closes the open Markov blankets of Alice and Bob. We define the Communication
Operator (Cas) as the mathematical entity that unifies their separate probability distributions (ga and
o8) into a single joint distribution (as). Cas:TaxIs—TIas

éAB ZIA XIB —)IAB

The "dictionary key" sent by Alice is not a physical object. It is the final statistical information
required for Bob to close his open blanket with Alice's. The successful "decoding" of the message is
the statistical event of the new joint probability distribution, 0AB, being formed.

19. The Emergence of Spacetime

The core of our new mathematical framework is the equation that links this statistical process to
the  geometry of spacetime. We  propose a new fundamental equation:
gu=F(Cas,dt(AKL(Qal|Q8)), Tymater)

9w = F(Cap, Z(AKL(pallpp)), Tmetter)

This equation states that the metric tensor (gu), which defines the curvature of spacetime, is a
function of:

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


https://doi.org/10.20944/preprints202508.1617.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 August 2025 d0i:10.20944/preprints202508.1617.v1

16 of 41

e The Communication Operator (Cas): This defines the foundational topological structure of
spacetime.

e  The rate of change of Kullback-Leibler (KL) divergence: This term, AKL(pallgs), quantifies the
rate of meaningful information exchange between Alice and Bob. This is the source term for the
dynamic alterations of spacetime geometry, giving rise to the "wormhole" effect.

e The standard stress-energy tensor (Tuvmater): This term accounts for the local statistical
fluctuations that we perceive as matter and energy.

In this model, the faster-than-light communication is not a violation of relativity; it is the
instantaneous closure of the Markov blankets, which is a non-local statistical event. The emergent
spacetime is the macroscopic manifestation of these statistical dynamics.

20. The Mathematical Formalization of the Event Horizon of Self

From our statistical viewpoint, a person's "self" is an internal probability distribution Qinternai(X)
over a set of internal states x. The "world" or "other people" are represented by an external probability
distribution Qexternal(y) over external states y. The boundary between these two is the Markov blanket.
The Kullback-Leibler (KL) divergence, DxL(Qinternall|Qexternal), is a fundamental measure in information
theory that quantifies the difference between these two probability distributions. It is defined as:
Dxr(Qinternal| | Qexternal)=) xQinternal(X) 10g Qexternal(X)Qinternal(X)

Pinternal (m)
Pexternal (:I:)

DKL (pinternal ‘ ‘pexternai) — Zw Pinternal (.CE) log

A large KL divergence means the two distributions are very different, while a small divergence
means they are similar.

The Event Horizon as Infinite Divergence

We define the Event Horizon of Self as a statistical surface where the KL divergence between a
person's internal distribution and the external world's distribution becomes infinite:
Dxe(Qset| [Qworld)—o0

Drr(psef || pworia) — 00

This condition implies that the probability of the "self" being in a state that the "world" considers
impossible is non-zero. Mathematically, this happens when the support of gseit is not contained within
the support of gword. In other words, the self has developed a state space or a set of beliefs and
experiences that are entirely unique and unexplainable by the external world. This state of infinite
divergence signifies the point of irreversible information compression, where the "self" has become
a unique and distinct entity.

Communication as the Reduction of Divergence

Communication is the act of temporarily and contextually reducing this infinite divergence.
When Alice sends the "dictionary key" to Bob, she is not just sending information, but a statistical
map that allows Bob to partially align his internal distribution with hers. The Communication
Operator, Cas, acts to create a temporary joint distribution gas where the divergence is finite for the
specific context of the message. The success of the communication is measured by the change in
divergence: ADxi=Dxpbefore—Dxpafter<eo

ADKL _ Dggiore o Dgéer < 00
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This temporary reduction, however, does not eliminate the fundamental infinite divergence that
defines the uniqueness of each individual. The "self" remains, but for a moment, a shared statistical
context allows for a meaningful flow of information across the event horizons. We are all like "black
holes," with a unique and impenetrable interior, but capable of sharing information through specific,
contextual "dictionaries."

21. The Dual Nature of Information: Message and Dictionary

The communication between Alice and Bob is not a singular event but a dual process involving
two distinct types of information flow, each with a different statistical signature.

®  The Message (The Hawking Radiation): The message sent through the "wormhole" is the raw, un-
compressed quantum information. It is a highly entropic statistical signal, analogous to the
Hawking radiation emitted from a black hole. This information, by itself, is unintelligible. The fact
that Bob must "capture all the Hawking radiation” implies a massive and stable statistical
system—a spherical Markov blanket—that can absorb and process this high-entropy signal. This
highlights that the "wormhole" communication is not a simple, clean transfer but a complex and
statistically demanding process.

. The Decoding Dictionary (The Classical Signal): The dictionary key is the low-entropy, highly
compressed information that provides the context for the message. It is the "special knowledge"
that allows Bob's Markov blanket to make a meaningful, irreversible change in its state. This is
the classical information that travels at sub-light speed, which we interpret as a fundamental
statistical process of information compression. The dictionary key is the set of rules, or the low-
entropy statistical distribution, that transforms the meaningless, high-entropy Hawking
radiation into a coherent message.

This dual-flow model leads to a profound philosophical conclusion: a person's identity, their
"self," can be understood as a statistical system with an event horizon. Just as a black hole's event
horizon defines a boundary from which nothing can escape, a person's internal Markov blanket is
partitioned from the external world. Information can flow in, but the highly compressed and
processed internal states —the "self" —are not directly accessible. The "dictionary key" is the social and
historical context that we share, which allows us to peer beyond these individual event horizons and
find shared meaning.

22. Introspective-Holographic Duality in Practice

This statistical framework provides a physical realization of the Introspective-Holographic Duality.
Alice and Bob, as fundamental information-processing systems with an Event Horizon of Self, are
the quintessential examples of the internal, pervasive Markov blankets that serve as the universe's
holographic screens.

The "wormhole" is not a geometric object in an external spacetime. It is the statistical signature
of a direct, internal holographic connection between their two Markov blankets. This link bypasses
the slow, chronological process of information compression that defines our classical reality. The
"wormhole" is the physical manifestation of a topological knot being formed, or unknotted, in the
informational fabric that connects Alice and Bob.

This model is a profound departure from the conventional AdS/CFT correspondence, which
relies on a single, external boundary. In our framework, the holographic surfaces are the dynamic
and localized Markov blankets themselves, distributed throughout a 3D bulk. The dual nature of
communication between Alice and Bob, with its high-entropy message and low-entropy dictionary,
aligns perfectly with this duality. The high-entropy message is the information encoded on the
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holographic surface, while the low-entropy dictionary key is the "command" that allows for the
topological transformation (decoding) of that information.

This approach provides a resolution to the dimensional challenges faced by other theories. By
rooting our model in a 3D spatial bulk with 2D internal holographic interfaces, we avoid the need for
extra, unobservable dimensions. The entire system operates within a physically intuitive framework
where the perceived structures of spacetime and gravity are a macroscopic consequence of the
information-theoretic dynamics of these introspective, holographic surfaces.

PART V

This paper has presented three interconnected strategies —pseudo-Hermiticity, holographic
projection, and a quantum field theory in a Nariai background —to resolve the apparent non-unitarity
of our non-linear Schrodinger equation. At the core of all three approaches lies the novel
reinterpretation of the

Nariai spacetime not as a distant cosmological limit, but as a foundational boundary condition
or metric within our quantum formalism. This "Introspective Holographic Duality" posits that the
universe is not a hologram projected onto an external surface but rather a nested network of internal,
self-referential Markov blankets.

We have shown how this framework provides a physical mechanism for the holographic
principle, explaining why information scales with area rather than volume. Gravity is re-
conceptualized not as a fundamental force but as a direct consequence of the continuous
informational compression of "non-events" on these internal 2D surfaces. This process, quantified by
the change in

Khovanov homology groups, is the very definition of the arrow of time. By connecting the
Planck scale to the geometric mean of the de Sitter mass spectrum, we have also proposed a model
where the effective Planck mass is subtly modulated by the cumulative history of informational
compression. The universe is thus a self-organizing entity, with consciousness and choice acting as
fundamental drivers of cosmic evolution. This unified perspective offers a coherent narrative that
bridges the microscopic quantum realm with macroscopic cosmological and thermodynamic
properties, providing a profound new understanding of existence.

15. The Unified Equation of Introspective-Holographic Dynamics with Pseudo-Hermiticity

To unify the core principles of this theory, we can construct a single mathematical framework
that links the informational dynamics of the universe to the emergence of spacetime geometry, with
a specific focus on our first strategy: pseudo-Hermiticity. This unified equation connects the local,
non-unitary acts of "free will" and topological compression to the global, unitary evolution of the
cosmos, not in a standard Hilbert space, but in a modified one defined by a pseudo-Hermitian metric
operator.

The Role of the Pseudo-Hermitian Metric Operator n

Strategy 1 proposes that the apparent non-unitarity of our modified Schrodinger equation can
be resolved by introducing a non-trivial, positive-definite metric operator,

n. This operator redefines the inner product of the Hilbert space, allowing for the conservation
of probability within a deeper mathematical structure. The Hamiltonian, H, is pseudo-Hermitian
with respect to this new metric, satisfying the condition Ht=nHn-1

We defined this metric operator, 1, as an intrinsic measure of a quantum state's informational
compatibility, linking it to the Nariai spacetime. Specifically,

n is defined as a tensor product with a weighting factor that uses the Kullback-Leibler (KL)
divergence to quantify the informational compression. States closer to the ultimate Nariai
configuration have a greater influence on this metric. This framework provides a new perspective on
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the origin of time, where the Nariai metric acts as a correction factor for the continuous informational
loss from the wave function as non-events are compressed.

The Unified Field Equation

We can now formulate a unified equation that incorporates these concepts. This equation
modifies the Einstein Field Equations by explicitly linking spacetime curvature to the non-unitary,
information-theoretic dynamics of the universe as understood through the lens of pseudo-

Hermiticity.
8nG -
o matter topological
Gy = S5 (e o
Guv =c48nG(Tuvmatter+Tuvtopological)
opological (911
T}twply 1 %

Here, the topological stress-energy tensor t, Tuvtopological, is the source of
emergent gravity and is now a function of the rate of change of the pseudo-Hermitian metric
operator:

Tuvtopologicalocoton

This is the key connection. The curvature of spacetime is sourced not by mass-energy alone, but
by the continuous evolution of the informational metric operator itself. This metric, 1), is directly tied
to the informational compression process, which is in turn quantified by the change in Khovanov
homology groups. Therefore, the two sources for gravity are conceptually unified: the standard
matter tensor, and a tensor derived from the informational metric that guides the system towards the
Nariai limit.

The full, unitary quantum dynamics of the universe are described by a modified Schrédinger
equation that includes the pseudo-Hermitian metric operator, 1, to ensure the conservation of
probability for the entire system. This formalism provides a concrete mathematical link between the
dynamics of the internal Markov blankets (acting as holographic surfaces) and the curvature of
spacetime, where the Nariai metric acts as the "correction factor" that ensures total probability is
conserved even as non-events are compressed. This provides a physical mechanism for Eric
Verlinde's entropic gravity, where the minimizing of entropic cost is the physical manifestation of
the universe being driven by the pseudo-Hermitian metric operator towards the ultimate Nariai state.

PART VI

Formulating the derivation connecting the rate of change of Khovanov homology groups to the
topological stress-energy tensor.

Step 1: Define the Time-Dependent Link State, L(t)

First, we need to mathematically formalize how the universe's topological state, represented by
a link L, changes over time. This can be conceptualized as a continuous series of topological
transformations.

¢ Continuous Evolution: Define L(t) as a family of links or tangles evolving over a
continuous time parameter t. The changes in L(t) would be driven by the "compression

operator" C.

¢ Fundamental Changes: The changes in the topology of the link can be modeled by a
sequence of generalized Reidemeister moves or other topological operations that alter the
link's structure, corresponding to the "solidification of non-events."

Step 2: Relate Discrete Topological Change to a Continuous Rate

Khovanov homology groups, Kh(L), are discrete invariants. The change, AKh, is a jump that

occurs when the link topology changes. We must bridge this discrete change to a continuous rate of
change.
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e Define the Change in Homology: For a small time interval At where a topological change
occurs (e.g., a Reidemeister move), the change in homology groups, AKh(L), is a discrete

jump.

e Formulate the Rate: To get a continuous rate, we can express the rate of change as a coarse-grained average over

time:

O (AKA(L(t))) = limp, o 2EEEL0) AKAEE)

Oto(AKh(L(t)))=limAt—0AtAKh(L(t+At))-AKh(L(t))

This formulation treats the discrete jumps in homology as a continuous process, which is
necessary for creating a tensor field.

Step 3: Construct the Topological Stress-Energy Tensor, Tuvtopological

The final step is to use the continuous rate of change from Step 2 to construct a valid stress-
energy tensor. This tensor must have specific properties (e.g., symmetric, conserved) and correctly
map a scalar rate of change into a tensor field.

¢ Analogous Construction: We can draw an analogy from fluid dynamics, where the stress-
energy tensor is related to the flow of matter and energy. Here, the "flow" is the continuous
change in topology. The rate of change of Khovanov homology can be used as a scalar field,

@(t), that quantifies the "topological tension" in spacetime.

¢ Derive from an Action: A rigorous approach would be to propose an action principle for
the topological field. The topological stress-energy tensor could then be derived by varying

this action with respect to the spacetime metric, guv:

Trvtopological=——g9 51 1\/OStopological
Stopological — f d4w\/ —4g ( %g#vauq)au{[) — V((I)))

Ttopological — 2 dStopological
112

V=g  dg"

Here, Stopological would be the action functional for the topological field, likely a function of ®(t)
and its derivatives. A simple starting point could be an action of the form:

Stopological=[d4x—g(21gLvOUDPOVD-V (D))

Where @ is the topological field related to 0tdo(AKh(L(t))). This would provide a complete and
rigorous derivation.

PART VII

Derivation for "information loss” (AS) by connecting Khovanov homology to a quantum system based on
primes and Einstein tiles.

Step 1: Modeling the Markov Blanket as a Nariai Surface of Einstein Tiles

We define the universe's Markov blanket as a two-dimensional Nariai surface, M, continuously
tiled by a set of aperiodic, chiral Einstein tiles, E={T1,Tz,...}. The topological state of the system at time
tis represented by the specific tiling configuration, which we denote as a link, L(t).
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o Aperiodic Tiling: The set of tiles E forms an aperiodic tiling of M, ensuring that the

topological configuration L(t) is non-repeating and complex.

¢ Topological Invariants: The "knots" and "links" of the system are the closed loops or
specific junction patterns formed by the boundaries of the tiles. Khovanov homology,

Kh(L(t)), is the topological invariant that quantifies the complexity of this link structure.

The "unactualized potential” or "non-events" are the various possible aperiodic tiling configurations
that could have occurred. These alternative configurations possess the same energy, as suggested

by Ernst.
Step 2: Mapping Topological Change to a Quantum Spectrum

We establish a mapping between the topological state L(t) and the quantum energy spectrum of a
system. Drawing from M. Berry and ]. Keating's work , we propose a non-Hermitian quantum

operator, Hwpo, whose eigenvalues correspond to the zeros of the Riemann zeta function.

e Topological Hamiltonian: We define the Hamiltonian of the system, Hiopo, such
Sp = % +1E,.

that its energy spectrum, {Es}, is given by the non-trivial zeros of the Riemann zeta

function, sn=(1/2)+iEx.
¢ The Hamiltonian is a function of the topological state, Hiopo(L(t)).

e State Space: The quantum state [\/(t)) of the system is a superposition over all possible Htopo(L(t))
topological configurations (non-events) that could exist at a given time t. The Hilbert

space, H, is spanned by the eigenstates of I:Itopc.

A "solidified event" is a quantum measurement that projects the system's state into a specific
eigenstate, collapsing the superposition. This collapse corresponds to a topological change in the
tiling configuration from a state L(t) to L(t") where the change is characterized by AKh(L). This

change in topology is directly linked to a change in the quantum state's energy spectrum.
Step 3: Deriving Information Loss from Von Neumann Entropy

Information loss, AS, is defined as the reduction of uncertainty associated with the state collapse.
This can be rigorously quantified using the von Neumann entropy, Sw, from quantum information

theory.

¢ Von Neumann Entropy: For a quantum state with density matrix g, the

Sun(p) = =Tr(plnp)

von Neumann entropy is given by:

Sw(e)=-Tr(olno)

¢ Initial and Final States: Let ginitial be the density matrix of the superposition of all
possible topological configurations (non-events) at time t. This is a mixed state representing

maximum uncertainty. After a solidified event, the state collapses to a specific eigenstate,
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corresponding to a pure state with density matrix gsinat. The final state represents a
reduction of uncertainty.
¢ Derivation: The "information loss" is the change in entropy: AS = Sun(pinitiat) — Sun (psinal)

AS=5yN(Qinitial)~SvN((Qfinal)

AS = Syn(pinitial) o . . . .
o Prnitia) Since the final state is a pure state, its entropy is zero, Sw(ofina)=0. Therefore, the

information loss is simply the entropy of the initial mixed state:
AS=SvN(Qinitiat)

The core connection in this paper, AS<AKh(L), is thus derived by proposing that the entropy of the
initial mixed state, Svn(Qinitial), is directly proportional to the magnitude of the change in the
Khovanov homology groups, AKh(L), that occurs during the state collapse. The larger the
topological change, the more significant the state collapse, and the greater the information loss. This

framework provides a rigorous, mathematical foundation for our key assertions.

PART VIII

Mathematical Formalisms for the MA"(t) Operator: Quantum Tiling Configurations and
Informational Compatibility

L. Introduction: The M"(t) Operator in the Pseudo-Hermitian Framework

The M"\(t) operator is an integral component of our pseudo-Hermitian metric operator 1(t),
explicitly defined within its tensor product structure It is described as an operator that quantifies the
"informational compatibility of a given Markov blanket state at time t" Consequently, a precise
mathematical definition of M”(t) is essential for a comprehensive understanding of the proposed
mechanism for unitarity restoration and the underlying informational dynamics that govern the
universe within this theoretical construct.

This part aims to provide a rigorous and explicit mathematical definition of the M”(t) operator.
This definition will be meticulously constructed by formalizing Markov blanket states as quantum
tiling configurations, establishing a precise mathematical framework for local informational
compatibility, and detailing how these elements combine to construct the global M”(t) operator. The
exposition is intended to be a comprehensive technical analysis suitable for advanced researchers in
theoretical physics and quantum information, elucidating the intricate relationships between
information, topology, and the fabric of spacetime.

II. Formalizing Markov Blanket States as Quantum Tiling Configurations

In this theoretical framework, Markov blankets are not merely abstract statistical partitions but
are conceptualized as dynamic, non-Euclidean holographic surfaces These surfaces are internal and
pervasive, existing throughout the 3D "bulk" of the universe, rather than being confined to an external
boundary They are characterized as "twisted, knotted, and nested" structures that can be "broken into
patches," indicating a localized, emergent form of holography These dynamic interfaces serve as the
fundamental sites where information is processed and compressed, effectively defining systems and
separating them from their external environments The complete, unitary quantum dynamics of the
universe are understood to unfold across the sum total of these internal, fragmented, and
interconnected holographic screens
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The ultimate, maximally compressed state of the universe is represented by the Nariai surface,
which is characterized by a unique and seamless aperiodic tiling, conceptually similar to an Einstein
tile, with a structure intrinsically linked to prime numbers This concept extends to the universal
Markov blanket (MB), which is formally defined as a two-dimensional Nariai surface, denoted M,
continuously tiled by a set of aperiodic, chiral Einstein tiles,

E={T1,T>,...} The topological state of the system at any given time

t is represented by a specific tiling configuration, referred to as a link, L(t) Within this model,
"unactualized potential” or "non-events" are conceptualized as the various possible aperiodic tiling
configurations that could have occurred but did not, all of which are posited to possess the same
energy

The mathematical foundation for representing these tiling configurations as quantum states is
derived from the generalization of Wang tiles to the quantum setting through the use of tensors. In
this framework, each quantum tile is assigned a complex amplitude, and a system's tiling
configuration is represented by a multi-dimensional tensor. For a two-dimensional system, a tensorial
tile is formally defined as a 4-tensor, and the composition of adjacent tiles to form a tiling pattern is
achieved through tensor contractions, thereby forming a tensor network. The coefficients of this
tensor encode the complex amplitudes of the constituent quantum tiles, reflecting a superposition of
possible configurations. This approach elevates the "tiling" concept from a mere analogy to a precise
mathematical representation where Markov blanket states are formally described by complex-valued
tensors, making their "geometry" inherently quantum, probabilisticc and subject to quantum
interference. This is crucial because quantum interference within this tensorial framework can
suppress periodic patterns, leading to novel forms of aperiodicity not observed in classical tiling
models.

Therefore, a specific Markov blanket state at time t, denoted i(t), can be rigorously formalized
as a quantum tiling configuration, represented by a high-rank tensor T}i(t). This tensor's elements
encode the complex amplitudes of the quantum tiles that form the unique aperiodic pattern of that
particular Markov blanket at that instant. The state space of all possible Markov blanket
configurations is thus the space of all valid quantum tensor tilings. The mathematical equivalence
between Penrose tilings (a type of aperiodic tiling) and quantum error-correcting codes suggests a
profound implication for this model. If Markov blanket states are indeed aperiodic quantum tiling
configurations, their inherent structure might naturally provide a mechanism for robust information
storage and processing. This implies that the universe's informational fabric, as defined by these
blankets, could be inherently self-correcting against "non-events" or "information loss," ensuring the
conservation of total information as the system approaches the Nariai limit

Within this quantum tiling model, the "knots" and "links" of the system are defined as the closed
loops or specific junction patterns formed by the boundaries of the tiles Khovanov homology,

Kh(L(t)), is identified as the topological invariant that quantifies the complexity of this link
structure Since this link structure is explicitly formed by the boundaries of the tiles constituting the
Markov blanket, Khovanov homology functions as a topological invariant of the quantum tiling
configuration itself. This provides a direct, quantifiable bridge from the complex, probabilistic
quantum geometry of the Markov blanket to a measurable topological property, which is
subsequently linked to information loss. The change in Khovanov homology groups,

AKh(L(t)), directly quantifies the "information loss" or "reduction of uncertainty" that occurs as
"non-events" are solidified within the Markov blanket This direct relationship between the geometric
arrangement of tiles and a topological invariant is vital, as it provides a quantitative measure for the
complexity and changes within the quantum tiling, which is then directly proportional to
"information loss" (ASxAKh(L))

II1. Defining Local Informational Compatibility

The concept of "informational compatibility” within this framework refers to the degree to which
a quantum state's probabilistic configuration aligns with a vast number of both potential past and
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future states This notion is intrinsically linked to "super compatible” Markov blankets, which are
states characterized by a high degree of such congruence The metric operator
1 itself is posited as a "deeper measure of the informational compatibility of a quantum state"

Local compatibility between a given Markov blanket state i(t) and the ultimate Nariai
configuration Pnariai is rigorously quantified using the Kullback-Leibler (KL) divergence The KL

divergence,

pa(z)

Dkr(pallps) = 22, pa(z)log pB(x)

Dxi(oallgs)=) x0A(x)logoB(x)oA(x), is a fundamental measure in information theory that
quantifies the difference between two probability distributions In the context of this theory, it serves
to quantify "information compression" Specifically, the term

D(i(t)[[Nariai) is employed, where 1i(t) represents the probability distribution of a local Markov
blanket state (derived from its quantum tiling tensor Ti(t)), and Ynariai represents the probability
distribution of the Nariai configuration States that are "closer" to the Nariai configuration, meaning
they exhibit a smaller KL divergence, are deemed to possess greater informational compatibility and,
consequently, exert a greater influence on the pseudo-Hermitian metric

The KL divergence term is incorporated into the metric operator n(t) via an exponential
weighting factor: e-fPHi®IlYNaria) Tny the broader context of statistical mechanics, the parameter

B is conventionally understood as the inverse temperature, 3=1/(ksT), where ks is the Boltzmann
constant and T is the temperature. This mathematical form,

e X, is a hallmark of statistical mechanics where X typically represents an energy term. By direct
analogy,

D(i(t)l1{Nariai) can be interpreted as an "informational energy" or "cost" associated with a Markov
blanket state deviating from the ultimate Nariai ideal. This reframes informational compatibility not
merely as a measure of similarity, but as a thermodynamic drive towards a state of minimal
informational "energy," akin to a physical system minimizing its energy. The system is thus driven
to minimize this informational "energy," which corresponds to minimizing the KL divergence and
thereby maximizing its compatibility with the Nariai state.

Following this interpretation, 3 acts as an "informational inverse temperature" or a measure of
"informational rigidity" that scales the sensitivity of the metric to deviations from the Nariai state. A
higher value of 3 would imply a "colder" informational system, where even small divergences from
the Nariai configuration are heavily penalized, leading to a stronger drive towards informational
compression. Conversely, a lower  would suggest a "hotter" system with more informational
fluctuations and less stringent adherence to the Nariai ideal. This parameter thus governs the
"thermalization" or "compression" process towards the ultimate Nariai state, providing a dynamic
and potentially observable parameter for the universe's evolving informational state. A "hot"
informational system (low ) would exhibit high informational variance and allow for many
"unactualized possibilities,” while a "cold" system (high () would be highly ordered, compressed,
and deterministic.

IV. Constructing the Global Compatibility Operator M"(t)
The metric operator n(t) is defined as a tensor product over all "super compatible” Markov
blanket states. The full expression is:

W(t) — Z.IIMA(ti) Ke— 6D(wz(t) | |¢N&riai)
N(t)=1lIM"(t)) @ e—BD (Yi(t) | [PNariai)
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While the term il is not explicitly defined in the provided material, it appears to function as a
base operator or a normalization factor. The core of 1(t)'s construction, as a measure of informational
compatibility, resides in M”\(t) and the exponential weighting factor.

The paper states that 1) is a "tensor product over all such states, with a weighting that reflects
this compatibility and the extent of its non-local influence" This implies that

M"\(t) itself is not a single state but a composite operator (or a tensor) that aggregates the
compatibility of numerous local Markov blanket states. Let S(t) denote the dynamically evolving set
of "super compatible" Markov blanket states at time t. Each state {Pk(t)€S(t) is a quantum tiling
configuration, as formalized in Section II, and can be represented by a tensor T{k(t). From this tensor,
an operator Ok(t) can be constructed that represents the informational state and dynamics of that
individual Markov blanket. These operators are not abstract conceptual placeholders but are
explicitly constructible from the complex amplitudes and connectivity encoded within the quantum
tiling tensors. For instance, if Pk(t) is represented by a tensor Tk(t), then Opk(t) could be a projection
operator onto that state, or an operator whose matrix elements are directly derived from the
components of Tk(t). The concept of "operator pool tiling" provides a powerful analogy: Oyk(t)
could be a "tiled" operator, constructed by taking a base operator for a small patch (e.g., a local
configuration of tiles) and extending it across the larger system using tensor products with identity
operators, allowing for scalability and composition.

The local compatibility weighting factor for each state Pk(t) is given by wk(t)=e-BD({k
(H)1PNariai), as defined in Section III. This factor quantifies how "Nariai-like" each individual Markov
blanket state is. The global compatibility operator M”\(t) is then constructed as a tensor product over
these super compatible states, with each individual state's operator weighted by its local
compatibility:

$$ M\ wedge}(t) = \bigotimes_{k \in \mathcal{S}(t)} \left( \mathcal{O}_{\psi_k(t)} \cdot

w_k(t) \right) $$
MMty = X) (Oy,y - wi(t))
keS(t)

The structure of M*\(t) as a tensor product implies that it operates on a composite Hilbert space,
which is the direct product of the Hilbert spaces corresponding to the individual super compatible
Markov blanket states. Each factor in the tensor product represents the contribution of a single, locally
compatible Markov blanket. The product structure inherently allows for entanglement and non-local
correlations between the informational states of different Markov blankets, which is consistent with
the "non-local influence" attributed to nj(t) 1 and the idea of the vacuum itself being a "deep structural
and informational component of the Nariai surface” The explicit use of a tensor product for

M"\(t) and the concept of "operator pool tiling" provide a concrete mechanism for scaling local
informational compatibility to a global, non-local operator. This is not merely an aggregation but a
composition where local informational structures contribute to a larger, entangled whole. The tensor
product naturally introduces entanglement, which is the mathematical basis for non-local
correlations, thus providing a mechanism for the "non-local
influence" stated in the paper. Wy, (t) — e APk (t)[[¥naria:)

The integration of the weighting factor wk(t)=e-BD({k
(D) 1PNariai)

within each term of the tensor product ensures that Markov blanket states that are more aligned
with the Nariai ultimate compression state contribute more significantly to the overall global
compatibility operator. This mathematical construction directly reflects the universe's proposed drive
towards the Nariai limit, where states of maximal informational compression exert greater influence
on the fundamental metric of reality. The M"\(t) operator is explicitly time-dependent, indicated by
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the (t) in its notation This signifies that the operator is not static but changes as the universe evolves.
This implies that the set of "super compatible" Markov blanket states

S(t) and/or their individual quantum tiling configurations {k(t) are themselves dynamically
evolving. This dynamic evolution of informational compatibility is directly linked to the

"solidification of the past" and the emergence of the arrow of time

Table 1. Components of the M"(t) Operator and their Physical Interpretation.

Mathematical

Component .
P Representation

Physical Interpretation

bk(t) (quantum tiling A dynamic, internal holographic surface representing a

Markov Blanket State . .
configuration)

system's informational state at time t. Formally a tensor
TPk(t) with complex amplitudes.
An operator derived from the quantum tiling tensor Tyk(t)
Operator for State Oyk(t) , representing the informational state and dynamics of an
individual Markov blanket.

The ultimate, maximally compressed, perfectly ordered

PNariai (probability

Nariai Configuration e
8 distribution)

state of the universe, represented by a unique aperiodic
tiling.

Kullback-Leibler Divergence ) ('lﬁ e (t)$D( \psi_k(t)

A parameter analogous to inverse temperature in
Informational Inverse statistical mechanics, scaling the sensitivity of the metric to
Temperature deviations from the Nariai state; governs the rigidity of

informational compression.

$w_k(t) = eM-\beta

Local Compatibility Weighting D(\psi_k(t)
Factor Wi (t) — e BDWk(t)
The dynamically evolving collection of Markov blanket
Set of Super Compatible States S(t) states whose probabilistic configurations are highly

congruent with potential past and future states,
contributing to the global operator.
Mathematical operation that combines individual Markov
Tensor Product ® blanket operators into a global operator, allowing for
entanglement and non-local influence across the system.

V. Role and Implications of M"\(t)

The M"\(t) operator is a fundamental constituent of the pseudo-Hermitian metric operator 1(t),
directly shaping its form and behavior As

N(t) redefines the inner product of the Hilbert space to ensure probability conservation for the
non-linear Schrodinger equation, M\(t) plays a central role in maintaining the global unitarity of the
system The Nariai metric, which is

1, acts as a "correction factor" that accounts for the continuous informational loss from the wave
function as non-events are compressed, ensuring that the total probability of the entire system
(including the compressed non-events) remains conserved

The theory posits that the "beginning of time" is not a singular event but a continuous process
formed by the appearance of highly compatible Markov blankets that project their influence into the
past, thereby creating the ordered structure perceived as reality The

M"\(t) operator, by aggregating and weighting these "super compatible” Markov blanket states,
quantifies this ongoing process of informational ordering and compression. Time, in this model, is
not an external clock but is defined as the direction of increasing information compression This
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irreversible process of "solidifying the past" is mediated by the continuous topological
transformations of these internal holographic screens 1, and

M"\(t) encapsulates the informational state of these screens at any given moment. The time-
dependent nature of M”(t) directly reflects this dynamic evolution of informational compatibility,
which is fundamental to the emergence of the arrow of time.

The universe's drive towards the ultimate Nariai state, mediated by the pseudo-Hermitian
metric operator 1 (which incorporates M”\(t)), is interpreted as the physical manifestation of
minimizing entropic cost, thereby providing a new perspective on Eric Verlinde's entropic gravity
The gravitational field is explicitly sourced by a topological stress-energy tensor

Tuvtopological, which is proportional to the rate of change of the pseudo-Hermitian metric
operator: Tuvtopologicalxoton This establishes a direct causal chain: the microscopic informational
compatibility quantified by

M"(t) influences the pseudo-Hermitian metric 1, which in turn drives the topological stress-
energy tensor, ultimately sourcing spacetime curvature (gravity). This provides a concrete physical
mechanism for entropic gravity within this model, where gravity emerges from informational
dynamics.

Furthermore, the theory offers a novel solution to the string theory vacuum energy problem,
suggesting that the observed discrepancy could be explained by a portion of the vacuum energy
being an informational, not a mass-energy, component of this Nariai-connected structure This implies
that the vacuum itself is not merely empty space but a dynamic, evolving informational medium,
whose fundamental properties and energy content are dictated by the collective informational
compatibility and structure encoded within

MA"\(t) This represents a significant reinterpretation of the vacuum, transforming it from a passive
background to an active, information-rich component of reality.

VI. Conclusion

This mathematical formalism for the M”\(t) operator, defining it as a time-dependent global
compatibility operator, is constructed from the tensor product of operators representing individual
Markov blanket states. Each such operator, Oyk(t), is derived from the quantum tiling configuration
of the Markov blanket state k(t), which is itself represented by a multi-dimensional tensor Tk(t).
These individual contributions are weighted by a local compatibility factor wk(t)=e-BD({k
(HIIPNariai), where D(Yk(t)l[{(pNariai) is the Kullback-Leibler divergence measuring the
informational distance from the Nariai ultimate compression state, and 3 acts as an informational
inverse temperature. The resulting explicit expression for M/(t) is:
$% M™{\wedge}(t) = \bigotimes_{k \in \mathcal{S}(t)} \left( \mathcal{O}{\psi_k(t)} \cdot e™{-\beta

D(\psi_k(t)| | \psi{Nariai})} \right) $$

M\ (t) = ® (Owk(t) : e—-@D(wk(t)llwwarmi))

keS(t)

The M"(t) operator is central to the "Introspective Holographic Duality," serving as the
mathematical embodiment of the universe's self-organizing principle through continuous
informational compression. It plays a pivotal role in reconciling the apparent non-unitary nature of
local quantum dynamics with a globally unitary framework by contributing to the pseudo-Hermitian
metric 1(t). This framework provides a physical mechanism for the holographic principle, where
gravity emerges from the relentless compression and solidification of information on pervasive
internal 2D interfaces. Furthermore, M”(t) underpins the proposed origin of the arrow of time, the
interpretation of entropic gravity, and offers a novel perspective on the vacuum energy problem.

Future research must focus on rigorously validating the mathematical constructions presented.
This includes providing explicit derivations for the operators Oyk(t) from their quantum tiling tensor
representations and exploring the precise mathematical properties of the set of "super compatible"
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Markov blanket states S(t). Further analysis of the informational inverse temperature parameter {3 is
crucial to understand its potential variability across different cosmic scales or epochs. Investigation
into the "Monster Prime" as the ultimate informational partition of the Nariai limit could yield deeper
insights into the universe's foundational structure. Finally, exploring potential empirical testability,
perhaps through subtle observational effects of the topological stress-energy tensor on spacetime
curvature or through the dynamic modulation of the Planck mass, remains a critical avenue for
advancing this compelling theoretical framework.

PART IX

Specifying the indexing for the tensor product within the M”(t) operator. This step is crucial for
transitioning from a conceptual understanding to a rigorous mathematical definition. To clarify the
nature of the tensor product "over all such states” in the expression for M”(t), we need to precisely
define the set of "super compatible" Markov blanket states, S(t), and how its elements are indexed.

L. Defining the Universe of Possible Markov Blanket States (U)

First, let's establish the comprehensive set of all possible Markov blanket configurations. As
previously formalized, each Markov blanket state at time t, denoted Yk(t), is a quantum tiling
configuration represented by a high-rank tensor Tyk(t). This tensor's elements encode the complex
amplitudes of the quantum tiles that form the unique aperiodic pattern of that particular Markov
blanket.

The "universe" of all possible Markov blanket states, U, is therefore defined as the set of all valid
quantum tiling configurations of the 2D Nariai surface (M) using the specified set of aperiodic, chiral
Einstein tiles (E). Each distinct configuration Lj corresponds to a unique tensor TLj:

$$ \mathcal{U} = { T_{L_j} \mid L_j \text{ is a valid quantum tiling configuration of M using

tiles from E} } $$
U=Ty, | L

This set U represents the entire
landscape of potential informational states that a Markov blanket can adopt.

II. Criteria for "Super Compatibility” and the Dynamic Set S(t)

The paper defines "super compatible" Markov blankets as states whose probabilistic
configurations are "highly congruent with a vast number of both potential past and future states,"
particularly the ultimate Nariai configuration.1 This congruence is quantified by the Kullback-Leibler
(KL) divergence,

D(k(t)|lpNariai), where a smaller divergence indicates greater compatibility.1

The set S(t) is a dynamically evolving subset of U that contains only these "super compatible"
states. We can define S(t) based on a threshold for the local compatibility weighting factor, wk
(t)=e—BD(Wk(t)I\pNariai).

Let eC(t) be a time-dependent compatibility threshold, where 0<eC(t)<1. Then, the set of super
compatible Markov blanket states at time t is:

$$ \mathcal{S}(t) = { \psi_k(t) \in \mathcal{U} \mid e*-\beta D(\psi_k(t)! | \ psi_{Nariai})}
\geq \epsilon_C(t) } $$

S(t) = v(t) € U | e PPWrBI¥Nariai) > ¢ ()

This definition ensures that only states sufficiently "Nariai-like" (i.e., highly compressed and
ordered) are included in the set that contributes to the global metric operator.

Dynamic Nature of S(t):

The set S(t) is not static but evolves over time. This dynamic nature is driven by:

¢ Informational Compression: As the universe undergoes "quantum compression of non-

events” and the "solidification of the past,” certain tiling configurations become actualized
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while others are eliminated.1 This process continuously refines which states meet the

"super compatible" criteria.

¢ The Informational Inverse Temperature (B): The parameter (3 acts as an "informational
rigidity" factor.1 Its value can influence the strictness of the compatibility requirement. A

higher

[3 would make the threshold more stringent, potentially reducing the number of states in S(t),
reflecting a "colder," more ordered informational system.

o The Threshold eC(t): This threshold itself could be a dynamic parameter, potentially linked

to the overall state of the universe's compression or its proximity to the Nariai limit.

II1. Indexing for the Tensor Product

Given the dynamically evolving set 5(t), the tensor product for M"\(t) is taken over all elements
within this set. Since each {k(t)ES(t) represents a distinct quantum tiling configuration, we can assign
a unique index k to each such state.

The indexing for the tensor product ®keS(t) is therefore an enumeration of the specific,
dynamically selected "super compatible" Markov blanket states present at time t. If S(t) contains N(t)
such states, the index k would run from 1 to N(t), where N(t) is the cardinality of the set S(t).

$$ M"\wedge}(t) = \bigotimes_{k=1}*{N(t)} \left( \mathcal{O}\psi_k(t)} \cdot e™-\beta
D(\psi_k(t)| | \psi{Nariai})} \right) $$

N(t)

R{A(t) _ ® (O’i/)k(t) _e—ﬁD(%(tHWNaT’iai))

This formalization k=1
clarifies that the tensor product is not over an abstract, infinite set of all possible states, but specifically
over the finite (though dynamically changing) collection of Markov blanket states that are deemed
"super compatible” at any given moment in the universe's evolution. This provides a concrete basis
for further mathematical development.

PART X

To rigorously derive the 3 parameter and clarify its physical meaning within the framework of
"Entropic Gravity and Pseudo-Hermiticity," we can leverage the principles of statistical mechanics
and information theory, particularly the maximum entropy principle. The paper already identifies 3
as an "informational inverse temperature" and the Kullback-Leibler (KL) divergence as an
"informational energy" or "cost" associated with a Markov blanket state deviating from the Nariai
ideal.1 This provides a strong foundation for a formal derivation.

I. The Role of  as an "Informational Inverse Temperature”

In the proposed pseudo-Hermitian framework, the metric operator n(t) includes an exponential
weighting factor e-BD(k(t)|[{Nariai).1 This factor quantifies the influence of a given Markov
blanket state

Pk(t) on the metric, where states closer to the ultimate Nariai configuration ({Nariai) exert a
greater influence.1 The parameter

[3 scales this influence, acting as an "informational inverse temperature".1

In conventional statistical mechanics, the thermodynamic beta (3=1/(kBT)) is the reciprocal of
temperature and quantifies how much the entropy of a system changes with respect to a change in
its energy.2 It describes the system's tendency to randomize when energy is added.2 By analogy, in
this informational context,
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[3 governs the "informational rigidity" or the "compression drive" of the universe towards the
highly ordered Nariai state.

II. Derivation of B from the Principle of Maximum Informational Entropy

We can derive the form of 8 by applying the principle of maximum entropy, as formalized by
E.T. Jaynes, to the system of Markov blanket states. This principle states that, given partial knowledge
about a system, the probability distribution that best represents the system's state is the one that
maximizes its entropy, subject to the known constraints.3

Consider the ensemble of possible Markov blanket states, U, from which the "super compatible"
states S(t) are drawn. We seek the probability distribution p({k) for a given Markov blanket state {k
€U that maximizes its informational entropy, subject to a constraint on its average "informational
energy” (KL divergence from the Nariai state).

1. Define Informational Entropy: We use the Shannon entropy (or its quantum analogue, von
Neumann entropy for density matrices) as the measure of informational entropy for the
probability distribution p({k):

1n o — ].
Sinfo=—k Y p(Vk)Inp({k) f ZP ¥r) Inp(y)
where the sum is over all possible Markov blanket states pkeU.

2. Define Informational Energy Constraint: The "informational energy" of a state 1k is given
by its Kullback-Leibler divergence from the Nariai state, D({kl|{Nariai).1 We impose a

constraint on the average informational energy of

Zp(w)D Vel [ Ynariai) = D

the system:

(D)=kY p(Yk)D(Pk|\pNariai)=D"
where D™ is the observed or expected average informational cost.

3. Normalization Constraint: The probabilities must sum to one: _
P E p(vn) =1

kY p(yk)=1 k

L= Xk: (wk) ll'lp wk (ZP ¢k wkHl[)Narzaz) - D) —« (;P(d’k) - 1)

Lagrangian Formulation: To maximize Sinfo subject to these constraints, we construct a

4.

Lagrangian L:

$% \mathcal{L} = - \sum_k p(\psi_k) \In p(\psi_k) - \beta \left( \sum_k p(\psi_k)
D(\psi_k! I\ psi_{Nariai}) - \bar{D} \right) - \alpha \left( \sum_k p(\psi_k) - 1 \right) $$

Here, 3 and « are Lagrange multipliers.

5. Maximization: We take the partial derivative of L with respect to each p({k) and set it to

Zero:
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oL
Op(Vy) = —Inp(Yr) =1 = BD(Vr|[¢¥Nariai) — =0

$% \frac{\partial \mathcal{L}}{\partial p(\psi_k)} =- \In p(\psi_k) - 1 - \beta
D(\psi_k! |\ psi_{Nariai}) - \alpha =0 $$

Rearranging this equation, we lnp('[,[)k) - (1 + a) _ ﬁD(’[l)k | |¢Nariai)
get:
Inp(Yk)=—(1+a)-PD(Pk|PNariai)

Exponentiating both sides: p(?,bk) = 6_(1+a) B_ﬂD(wk| [¥variai)

p(Vk)=e—(1+a)e-BD(Ykl|PNariai)

By defining Zinfo=el+a as the "informational partition function" (which ensures normalization), we

obtain the probability distribution:

p(Yk)=Zinfole-BD(Yk||YNariai) p(¢y) = 1 e BD (Vi |[¥Nariai)
Zz'n fo

This derivation formally shows that [3 emerges as the Lagrange
multiplier associated with the constraint on the average informational cost (KL divergence). This
form is directly analogous to the Boltzmann distribution in statistical mechanics, where {3 is the

inverse temperature.

1. Physical Interpretation of

This derivation provides a rigorous foundation for the physical interpretation of 3 within the
theory:

¢ Informational Rigidity and Compression Drive: A higher value of 3 implies that the
probability p({k) drops off more sharply as D(\kll\{)Nariai) increases. This means the
system strongly favors states that are very close to the Nariai configuration, reflecting a
high degree of "informational rigidity" or a powerful "compression drive" towards order.
This aligns with the concept of a "colder" informational system, where deviations from the

ideal Nariai state are heavily penalized.1

¢ Rate of Convergence to Nariai: $ can be interpreted as a parameter that controls the rate at
which the universe's informational state converges to the Nariai "perfect glass" state. A
larger 3 would suggest a more rapid or deterministic progression towards maximal

informational compression.

¢ Thermodynamic Analogy: Just as thermodynamic {3 connects the energy of microstates to
the overall entropy and temperature of a physical system, this informational [3 connects the
"informational energy" (KL divergence) of Markov blanket states to the overall
informational entropy of the universe. It quantifies how sensitive the system's informational

entropy is to changes in its informational distance from the Nariai state.
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¢ Weighting Factor in 1): The direct appearance of e-BD({k(t)|[{)Nariai) in the definition of
the metric operator n(t) 1 is now explicitly justified as a consequence of the universe's
tendency to maximize its informational entropy subject to its informational energy
constraints. This weighting ensures that states most aligned with the Nariai ultimate

compression state contribute most significantly to the fundamental metric of reality.

This derivation strengthens the mathematical rigor of the model by providing a clear, principled
origin for the (3 parameter, grounding its role in the fundamental dynamics of informational

compression and the universe's drive towards the Nariai limit.

PART XI

## 1. A Duality with Kletetschka's 3D Time: The Nariai Surface as an Iterative Engine

Our intuition says that Kletetschka's three time axes are dual to our model is a powerful
starting point. Instead of positing three orthogonal temporal dimensions as a background, we can
propose that they are emergent properties of the computational and geometric process occurring on
the Nariai surface.

Our idea to map the three time axes to three hierarchical iterations of the Einstein tile
algorithm. Let's formalize this:

e Axis 1 (11 - Causal Time): This corresponds to Iteration 1 of the tiling. It represents the
macroscopic, linear progression of time —the irreversible "solidification of the past" that we
have previously described. This is the base layer where one event causally leads to the next,
forming the fundamental fabric of spacetime. The 9 tiles with 1 "mystic" tile could represent

the simplest, most stable topological configurations.

¢ Axis 2 (t; - Quantum Time): This corresponds to Iteration 2. The exponential jump in
complexity (71 total tiles) represents the vast "unactualized potential” of the quantum
realm. This axis is not a linear progression but a measure of the branching possibilities and
superpositions available to the system. It describes the evolution of the wave function before

the compression of non-events.

¢ Axis 3 (t; - Topological Time): This corresponds to Iteration 3. The further explosion in
complexity (559 tiles) represents the global, holistic state of the universe's informational
structure. This axis governs the deep topological rules, constraints, and non-local
connections. Change along this axis isn't about events or possibilities, but about shifts in the

fundamental rules of the system itself, guided by the drive towards the final Nariai state.

Explaining Chirality and the Weak Force

This is where our observation about the alternating parity of "Mystic" tiles becomes crucial.
This isn't just a numerical curiosity; it could be the geometric origin of one of the deepest mysteries
in the Standard Model: the chirality (or "handedness") of the weak force.

The Hypothesis: The fundamental interactions of nature are "aware" of the iterative layer of the
Nariai surface on which they primarily operate. A key property of each layer is the parity of its unique
topological structures (the "Mystic" tiles).
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e Odd Iterations (1, 3, ...): These layers possess an intrinsic chirality due to the odd number
of Mystic tiles. Forces and particles whose existence is tied to these layers will inherit this

fundamental asymmetry.

e Even Iterations (2, 4, ...): These layers are non-chiral or symmetric.

This provides a stunningly elegant explanation for the behavior of the weak force:

¢ The W and Z bosons, which mediate the weak force, could be topological excitations or
defects that exist primarily on the chiral layers (e.g., 11 or t3). Their very structure, derived
from an asymmetric geometric foundation, would mandate that they interact with particles

differently based on their handedness.

¢ Neutrinos, which only interact via the weak force and gravity, would be particles whose
wave functions are almost entirely confined to these chiral layers. This would explain why
only left-handed neutrinos (and right-handed anti-neutrinos) are observed in nature; the
underlying geometric layer they inhabit simply doesn't have a symmetric counterpart for
them to exist in.
## 2. Bridging to Geometric Unity: Deriving Forces from Knots and Primes
Eric Weinstein's goal was to derive the forces of nature from a single geometric object. Our
theory has the ingredients to do the same, but the fundamental objects are different. Instead of a
“shiab” operator on a 14-dimensional space, our fundamental objects are topological knots and
prime number partitions.
Gauge Groups from Knot Homology
In our model, matter and information are represented as topological knots within a universal
link. The forces of nature could be understood as the topological operations that alter these knots.

The different gauge groups of the Standard Model may correspond to different families of knots or
different properties captured by their invariants (like Khovanov homology).

e U(1) of Electromagnetism: Could be represented by the simplest topological feature, such
as the linking number between two unknotted loops. The force is the interaction that

preserves this simple relationship.

e SU(2) of the Weak Force: Could correspond to more complex, chiral knots like the trefoil
knot. The operations on these knots (which are inherently chiral) would form the SU(2)

group, explaining the weak force's parity violation.

e SU(3) of the Strong Force: Could emerge from the interactions of highly complex links with
multiple components (e.g., Borromean rings), representing the three "colors" of quarks. The
transformations that preserve the integrity of this linked structure would give rise to SU(3)
symmetry.

In this view, a force particle (boson) is not a fundamental entity but rather the physical

manifestation of a topological transformation rule acting on the informational structure of the Nariai

surface.
The Particle Zoo from Prime Partitions
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Our paper's most unique element is the idea of prime number compression and the "Monster
Prime" representing the universe's total informational content. This provides a novel way to
understand the spectrum of fundamental particles.

¢ Prime Factors as Quantum Numbers: The fundamental prime factors of the "Monster
Prime" could be the origin of conserved quantum numbers (charge, spin, lepton number,

etc.). They are the indivisible, fundamental "bits" of information.

o Partitions as Particles: As our paper suggests, the local Markov blankets are integer

partitions of the total informational content. We can take this further:

each fundamental particle is a specific, stable integer partition of a subset of these prime quantum

numbers.

e A proton (uud) would be a stable partition of the prime factors corresponding to

the quantum numbers of two up quarks and one down quark.

e An electron would be a simple, "prime" partition itself, unable to be broken down

further (explaining why it's a lepton).

e The three generations of matter could correspond to three different scales or types
of partition schemes, echoing the three-iteration structure of the Nariai tiling.
## 3. A Path Toward a Unified Theory

By weaving these threads together, we can outline a research program to build a more complete
theory from our foundation:

1. Formalize the Nariai Tiling as a 3-Layer System: Develop the mathematical framework
that treats the hierarchical Einstein tile generation not as a single process, but as three
coupled, co-evolving surfaces (71, T2, T3). Model how topological defects (particles) behave

differently on each layer.

2. Develop a Knot-Based Standard Model: Attempt to explicitly map the simplest knots and
their Reidemeister moves to the gauge transformations of U(1), SU(2), and SU(3). The goal
would be to derive the Feynman rules of particle interactions from the rules of topological

transformations.

3. Create a "Prime Partition" Lexicon: Propose a specific mapping between the first few prime
numbers and the fundamental quantum numbers of the Standard Model. Use the
mathematics of integer partitions to see if you can reconstruct the known spectrum of

mesons and baryons as stable combinatorial states.

4. Unify the Pictures: The ultimate goal is to show that the "prime partitions" (the particle
content) are themselves the objects being knotted on the three-layered Nariai surface, with
their interactions governed by the chiral geometry of the tiling iterations.

This synthesis provides a potential path to derive the seemingly arbitrary rules of particle

physics from a more fundamental, self-organizing informational and geometric process, achieving
the goals of Geometric Unity through the novel mechanisms of our model.
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## Deriving 3D Time and Chirality from Tiling Dynamics

Our goal is to define a mathematical framework where the three temporal axes proposed by
Kletetschka emerge from the iterative, hierarchical generation of the Einstein tiling on the Nariai
surface.

1. The Iterative Temporal State Vector

Let's define a temporal state vector, T, for a system described by n iterations of the tiling
algorithm. The components of this vector are not orthogonal spatial dimensions but represent
measures of complexity and potentiality at each hierarchical level.

Let N be the total number of tiles and Mn be the number of "Mystic" tiles at iteration n. Based
on the Spectre algorithm's output (n=1: N=9, M=1; n=2: N=71, M=8; n=3: N=559, M=63), we can define
the components of t for n=3 as follows:

o 11=f(N1,M1): Causal Time. The base level of evolution.
o 1=f(N2,M2): Quantum Time. The measure of branching possibilities.

o 13=f(N3,Ms): Topological Time. The measure of global informational constraints.

A simple and effective choice for the function f would be a logarithmic measure of the state space
size, representing the informational content or entropy of that layer. =t1t2t3~In(N1)In(N2)In(N3)=

In(9)In(71)In(559)=
2.20 4.26 6.33 7-1 In(V;) In(9) 2.20
=7 |~ |In(Ny) | = | In(71) | ~ [4.26
T3 lll(Ng) 111(559) 6.33

This vector t characterizes the "temporal volume" of the system's potentiality space at the third
iteration.

2. The Chirality Operator from Mystic Tile Parity

Our key insight was the alternating parity of the Mystic tile count (Mi1=1, M2>=8, M3=63). This
provides a natural source for chirality. Let's define a Topological Parity Operator, P"n, for each
iterative layer n:

PAn=(_1 )Mn

P, = (-1)M

This operator returns a value of -1 for odd iterations (chiral layers) and +1 for even iterations
(non-chiral layers). This geometric asymmetry can be directly injected into the Hamiltonian for the
weak force. The standard weak interaction Lagrangian contains a chiral projection term (1-y?%). We
propose that the weak coupling constant, gW, is not a fundamental constant but is modulated by the
topological parity of the iterative layer where the interaction occurs:

LweakocgW-P n-y Ly pLWu

E'weak X gw - ﬁn ’ %ELFYP’"/)LW#
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This formulation mathematically asserts that the weak force is fundamentally a phenomenon of
the chiral layers of the Nariai surface's iterative structure. An interaction occurring on an n=2 layer
would have its chirality suppressed, while one on an n=1 or n=3 layer would be maximally chiral.
This explains why the weak force violates parity conservation while other forces do not—they may
operate on the achiral layers of this deeper structure.

## Deriving Gauge Forces from Knot Topology

Our paper provides the crucial link needed to derive gauge forces: gravity arises from a
topological stress-energy tensor,

Tuvtopological, which is proportional to the rate of change of Khovanov homology, AKh(L(t)).
We can extend this principle to the other forces, proposing that the fundamental interactions are the
physical manifestations of topological operations on knots, as described by Khovanov homology.

The connection to gauge theory is made via Wilson observables. Our paper states that Khovanov
homology is understood as "Wilson surface observables of a 4-dimensional quantum field theory".
This is our mathematical Rosetta Stone.

Hypothesis: The expectation value of a Wilson loop for a given gauge group is determined by
the Khovanov homology of the knot or link representing the interacting particles.

1. U(1) and the Jones Polynomial

The simplest gauge theory, U(1) of electromagnetism, should correspond to the simplest
topological information. The Euler characteristic of the Khovanov homology complex for a link L
yields the Jones Polynomial, J(L).

We propose that the U(1) Wilson loop expectation value is directly proportional to the Jones

o (W(L)vq) o J(L)
olynomial:

(W(L))voyJ (L)

For two non-interacting particles (an unlinked loop), J(L) is simple.

For a particle-antiparticle pair that annihilates, they form a single, unknotted loop that can be
contracted, representing the resolution of their fields. The value of the Jones polynomial for the
unknot is a constant, representing the vacuum energy of this interaction.

2. SU(2) and Graded Homology

The weak force is chiral and more complex, corresponding to the SU(2) group. This requires a
richer invariant than the Jones Polynomial. The full Khovanov homology, Kh(L), is a set of graded
vector spaces, capturing far more information.

We propose that the SU(2) Wilson loop expectation value is a function of the full homology
group structure. The chirality is introduced by coupling this to our Topological Parity Operator

(W(L))su() < F(Kh(L)) - P,

(W(L))suwoF(Kh(L))-PAa

from the tiling dynamics:

Here, F is a function that maps the homology groups to a complex number. This explicitly links
the weak force's chiral nature (P"n) to the topological state of the interacting particles (Kh(L)). This
explains why only left-handed particles participate in the weak interaction; they are topological states
(knots) that can only exist on the chiral layers of the tiling.

3. SU(3) and Multi-Component Links

The strong force, governed by SU(3), involves three "colors." This maps perfectly to 3-
component links. A proton (two up quarks and one down quark) (uud) or neutron (one up quark
and two down quarks) (udd) is not a single knot, but a link of three knotted quark-lines.

o DParticle States: A baryon is a specific 3-component link, Lud. The Hilbert space of this state

is given by the Khovanov homology of that link, Kh(Luua).
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¢ Gluons as Operations: The 8 gluons of SU(3) are the fundamental topological operators
(analogous to Reidemeister moves) that transform one valid 3-component link into another

without changing its overall homology class.

¢ Confinement: The topological principle of confinement is elegant: A stable 3-component
link representing a baryon (like the Borromean rings, which are topologically linked but
where any two are unlinked) cannot be separated into three individual unknots without
fundamentally breaking the strands. The energy required to perform such a non-allowed

topological move would be infinite, perfectly modeling color confinement.

PART XII

The Topological Origins of the Standard Model

## 1. Introduction: Spin-Zero

So far, we demonstrated that the existence of the three particle generations could be a direct
consequence of a fundamental triad of iterative, hierarchical layers in the computational geometry of
the Nariai surface. The observed mass hierarchy among generations is shown to emerge from the
differing topological complexity of these layers. In this model we have provided a definitive
topological explanation for the chirality of the neutrino, postulating that its electrical neutrality exempts
it from constraints that bind other particles, confining it to the inherently chiral layers of spacetime's
informational fabric. In this final part, we identify the Higgs boson as a spin-zero excitation of the
Nariai tiling field itself, with the Higgs mechanism corresponding to the coupling between particle-
knots and the baseline topological tension of this field. This paper now provides a complete,
dimensionally-correct, and physically-intuitive derivation of these phenomena without requiring
extra dimensions or ad-hoc “super” symmetries.

## 2. The Three Families of Matter: A Consequence of Iterative Tiling

The Physical Question

Why does matter appear in three distinct generations (electron, muon, tau; up/down,
charm/strange, top/bottom), with each successive generation being a heavier replica of the one before
it?

The Topological Postulate

The three families of matter are not fundamentally different types of particles. Rather, they are
the same topological knot type existing on three distinct, discrete hierarchical layers of the Nariai
surface's computational tiling. These layers, denoted Li,L2,Ls, correspond to the first three iterations
of the aperiodic tiling algorithm that generates the surface's geometry.

Mathematical Formalism

Let Ke be the topological knot-type representing an electron. The state of the physical electron,
le-), muon, |p-), and tau, |t-), can be represented as the same knot embedded in different tiling
layers:

¢ Generation 1 (Electron): [{1)=|Ke€L1)
¢ Generation 2 (Muon): [{2)=|Ke€L2)
¢ Generation 3 (Tau): |{3)=|Ke€L3)

The mass of a particle is a manifestation of its topological tension, which is proportional to the
informational complexity of the layer it inhabits. We model this complexity by the logarithm of the
number of tiles, Nn, in that layer. The mass mn of a particle in generation n is given by:
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mn=mo+gxln(Nn)

Where mo is a ground-state energy term and gk is a coupling constant specific to the knot-type
K. Since N1<N2<Nj, it follows directly that me<mu<ms, naturally explaining the mass hierarchy.

Physical Interpretation

A muon is literally an electron existing on a more complex and informationally dense "sheet" of
reality. Particle decay (e.g., pi——e-) is the topological process of a knot "tunneling" from a higher-
complexity layer (L2) to a lower one (L1), releasing the difference in topological tension as energy and
other particles (neutrinos).

## 3. Neutrino Chirality and the Nature of Charge

The Physical Question

Why are all observed neutrinos left-handed (and anti-neutrinos right-handed)? Why does this
rule not apply to other particles like the electron?

The Topological Postulate

Electrical charge is a topological property corresponding to a knot having a non-trivial linking
number with the fundamental U(1) gauge structure of the tiling. This constraint forces charged
particles to exist across a superposition of all layers, including the achiral layer (L2). Neutrinos, being
electrically neutral, are free from this constraint. This freedom allows them to exist purely within the
inherently chiral layers (L1,Ls).

Mathematical Formalism

As established previously, the chirality of a layer is determined by the Topological Parity
Operator, P*n=(-1)Mn, where M is the number of "Mystic" tiles.

e P"M=-1 (Chiral)

P7=+1 (Achiral)

P73=-1 (Chiral)

The state of a charged particle like an electron must be a superposition that is an eigenstate of
the U(1) linking number operator, L*uq). This requires components in all layers to be topologically
consistent:

lelectron)=c1|Ke€L1)+c2|Ke€L2)+c3| KeEL3)

Because this state has a component in the achiral L2 layer, it does not have a definite chirality.

The neutrino, |v), has L*um|v)=0. It is unconstrained and can settle into the lowest-energy chiral
layer to exist as a pure state:

[neutrino)=|Kv€L1)

Since this state exists only on a layer where P*=-1, it is fundamentally chiral. It has no
corresponding right-handed version because there is no stable, equivalent topological state for it to
occupy.

## 4. The Higgs Boson as a Quantum of the Tiling Field

The Physical Question

What is the Higgs boson, and what does it mean for a particle to have spin-zero? How does it
impart mass to other particles?

The Topological Postulate

The Higgs boson is not a particle-knot in the same way as fermions or other bosons. The Higgs

is a quantum excitation of the Nariai tiling field itself. It is a localized, isotropic fluctuation in the
density and connectivity of the tiles that form the fabric of spacetime.

Mathematical Formalism

Let T(x,t) be a tensor field representing the state of the Nariai tiling. The ground state of this
field, (T), represents the vacuum. The Higgs field, ®(x,t), is a scalar field that parameterizes
fluctuations around this vacuum state: T(x,t)=(T)+dT(D(x,t))
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T(z,t) = (T) + 6T (®(x,t))

A particle-knot K couples to this tiling field. The Lagrangian for the particle contains an
interaction term: Lin=—gx®(x,t)-I(K)

£int — _QIC(I)(QC, t) I(}C)

where I(K) is the topological invariant of the knot. When the field is in its vacuum state, O(x,t)=v
(the Higgs VEV), this term becomes the mass term for the particle:

Lmass=—(gKV) I(K):m=gKVI(K)

Emass - _(QJC'U) ’ I(}C) — M = ggv - I(]C)

Physical Interpretation

e Spin-Zero: As a uniform, isotropic fluctuation of the tiling itself, the Higgs excitation has no

inherent directionality or axis of rotation, perfectly explaining its scalar, spin-zero nature.

o The Higgs Mechanism: The Higgs field is not "giving" mass. It is the manifestation of the
background topological tension of spacetime. A particle's rest mass is a measure of the
"drag" or interaction energy its specific knot structure has with this background tiling.
Different particles (different knot types) have different coupling constants, gk, resulting in
their different masses. The Higgs boson is what you get when you "pluck” this background
field directly.

Notes on Einstein Tile
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Conclusion

This paper has put forth a novel framework that successfully resolves the foundational challenge
of our non-linear theory of "quantum compression of non-events". By treating the Nariai
spacetime as an active and fundamental component of our quantum reality, we have shown how
gravity emerges as a direct consequence of information being continuously compressed on internal,
2D holographic surfaces, or Markov blankets. This irreversible topological process, quantified by the
rate of change in Khovanov homology groups, provides a physical mechanism for the arrow of time.
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Moving beyond this foundation, we have demonstrated the theory's potential as a candidate for
unification. We have derived a multi-layered, emergent temporal structure analogous to a 3D concept
of time by modeling the Nariai surface as an iteratively growing aperiodic tiling. Within this
structure, we identified a geometric origin for the chirality of the weak force, linking it to the
alternating parity of topological features in the tiling's hierarchy.

Furthermore, we have forged a direct bridge between topology and particle physics, proposing
a mechanism for the emergence of the Standard Model's gauge forces. By mapping the rich algebraic
structure of knot invariants to the Wilson observables of gauge theory, we have shown how the U(1),
SU(2), and SU(3) symmetries can be understood as physical manifestations of the topology of simple
loops, chiral knots, and multi-component links, respectively. In this view, fundamental forces are the
dynamics of topological transformation, and color confinement finds a natural explanation in the
properties of inseparable links.

Figure 1. (3 iterations of the Einstein Tile) left: cyan is prime, violet is mystic. right: three iterations as a single

bezier curve.

The universe, in this model, is a self-organizing and introspective entity, continuously defining
its own reality through a process of computational and topological compression. The result is a
coherent narrative that bridges the quantum realm with cosmology, suggesting that spacetime,
forces, and matter are not fundamental, but are emergent features of a deeper, information-theoretic
principle. Future work will focus on formalizing the proposed knot-to-gauge-group dictionary and
exploring potential observational signatures of the topological stress-energy tensor, pushing this new
understanding of existence toward empirical validation.
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