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Abstract

Building upon the successful computational derivation of electroweak symmetries in
our previous work, this paper addresses the final two critical questions for the High-
Dimensional Phase Orbiter (HDPO) model: the requirement for a general, non-circular
formalism for the projection map π, and the pathway to incorporating the full Standard
Model and gravity. We first resolve the projection problem by elevating a principle of
informational fidelity to a core axiom. We demonstrate that the quantum mechanical
Born rule can be derived as the unique, induced measure from an optimal transport
map between the hidden manifold’s ergodic measure and the observable configuration
space. This removes the final ad hoc element from the theory’s structure. Secondly, we
outline a concrete methodology for deriving the full gauge group of the Standard Model,
proposing a specific class of higher-dimensional Calabi-Yau manifolds whose isometry
groups naturally contain SU(3)×SU(2)×U(1). Finally, we formalize the emergence of
gravity, positing that our 4D spacetime is the base manifold of this geometric struc-
ture, and conjecturing that the Einstein Field Equations are the effective, low-energy
description of the HDPO Governing Principle projected onto this base. This work
completes the foundational architecture of the HDPO model, presenting a complete,
self-contained, and deterministic geometric framework that provides a viable path to
the unification of all known physics.



1 Introduction: Triumphs and Their Consequences

1.1 Recap of the Pentalogy

The preceding five papers in this series have established the High-Dimensional Phase Or-
biter (HDPO) model as a candidate theory of fundamental physics. Paper [1] introduced
the core insight: that quantum phenomena are statistical projections of a deterministic,
high-frequency trajectory on a hidden compact manifold. Papers [2, 3] demonstrated the
viability of this approach by constructing ”minimal models” for the 1D Quantum Harmonic
Oscillator and the hydrogen atom. Paper [4] consolidated the theory by resolving five critical
conceptual flaws, culminating in the formulation of a Governing Principle of Minimal
Information-Action. Most recently, Paper [5] provided a critical computational proof-
of-concept, demonstrating that minimizing the proposed Information-Action functional I
naturally yields manifolds with the U(1) and SU(2) isometry groups of the electroweak
sector.

1.2 The Remaining Hurdles of a Maturing Theory

The success of [5] transforms two previous open questions into urgent necessities for a com-
plete theory. While the HDPO framework is now demonstrably calculable and consistent,
its architecture rests on two foundational pillars that require final clarification.

1. The Projection Problem: The method used to construct the projection map π in
our previous work, while powerful, used the known quantum mechanical Born rule as
a boundary condition to prove the model’s self-consistency. A complete theory must
not assume this. It must derive the Born rule from a more fundamental principle,
thereby removing any hint of circularity.

2. The Unification Problem: Having successfully derived the electroweak sector from
a variational principle, the theory must provide a clear and concrete methodological
path to derive the SU(3) symmetry of the strong force and, ultimately, to incorporate
the dynamics of spacetime (gravity) itself into the same unified framework.

1.3 Objective and Roadmap

This paper, the sixth and final of the foundational series, will provide the complete mathe-
matical machinery to resolve these two issues. In Section 2, we will present a complete and
general formalism for the projection map based on the physical principle of informational
fidelity, showing how the Born rule is a derived consequence of optimal transport theory. In
Section 3, we will outline the concrete path to full physical unification, identifying a class of
manifolds suitable for deriving the Standard Model and formalizing how the Einstein Field
Equations emerge as a low-energy effective description of the Governing Principle. Through
this, we will present the final, complete architecture of the HDPO model as a candidate
Theory of Everything.
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2 A General and Complete Formalism for the Projec-
tion Map π

2.1 From Consistency Proof to Derivation

In our previous work [4], we introduced a powerful framework for constructing the projection
map π using the Monge-Ampère equation. This framework successfully demonstrated that
for any given quantum system with a known Born rule measure, ν = |ψ|2dV , a consistent,
measure-preserving, deterministic hidden reality could be constructed. This was a crucial
proof of the model’s internal mathematical consistency.

However, a theory aiming for fundamental status cannot use the quantum rules as an input.
It must derive them. The critique of potential circularity—”using the Born rule to construct
the map that generates the Born rule”—must be addressed. We resolve this by elevating
the physical motivation for the map’s structure into a core axiom of the theory, from which
the Born rule emerges as a necessary consequence.

2.2 The Principle of Informational Fidelity

We posit that the Governing Principle of Minimal Information-Action (δI = 0) applies not
only to the structure of the hidden manifold itself, but also to the mapping that connects it
to the observable world. An inefficient or information-destroying projection would represent
a suboptimal encoding of reality, a configuration disfavored by the global minimization of I.
The universe must not only exist in an efficient state, but it must also cast the most faithful
possible shadow of itself into the realm of observation. We formalize this as the **Principle
of Informational Fidelity**.

Axiom: The projection map π from the hidden manifold M to the observable configuration
space C is the unique mapping that minimizes the ”cost” of transporting the ergodic invariant
measure µ of the hidden dynamics into a projected measure ν on the observable space.

2.3 Optimal Transport as the Physical Mechanism

We identify this physical principle with the rigorous mathematical framework of **Optimal
Transport Theory** [6, 7]. The problem of finding the most efficient projection is precisely
the problem of finding the optimal transport map between two measure spaces, (M, µ) and
(C, ν). The ”cost” is defined by a cost function, c(x, y), representing the work required to
move a unit of probability measure from a point x ∈ M to a point y ∈ C. For a geometric
theory, the natural cost function is the squared geodesic distance, c(x, y) = d(x, y)2.

The projection map π is thus identified as the optimal transport plan, or ”Wasserstein
geodesic,” that minimizes the total transport cost:

W2(µ, ν)
2 = inf

γ∈Γ(µ,ν)

∫
M×C

d(x, y)2 dγ(x, y) (2.1)

where Γ(µ, ν) is the set of all possible transport plans (joint probability measures) between
µ and ν.
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2.4 Derivation of the Born Rule

This is the central claim of this section. The observable probability distribution, ν, is not
a predefined target. It is the unique, induced measure on the observable space C that
results from this optimal transport process. The universe settles on a hidden manifold M
with measure µ by minimizing I. The Principle of Informational Fidelity then dictates that
the projection of µ must be optimally efficient. This optimal mapping, in turn, defines the
structure of the observable statistical measure ν.

We conjecture that this induced measure is precisely the quantum mechanical Born rule
measure:

νinduced ≡ |ψ|2dV (2.2)

The Born rule is thus derived from two fundamental principles: the universe is information-
ally efficient in its structure (Minimal Information-Action), and it is informationally efficient
in its appearance (Informational Fidelity). The probabilistic nature of quantum mechanics
is the shadow cast by the most efficient possible projection of a hidden deterministic reality.

2.5 The Monge-Ampère Equation as the ”Law of Projection”

This physical principle is made calculable via the Monge-Ampère equation. As shown in [4],
for a deterministic optimal transport map π, the relationship between the initial measure µ
and the induced measure ν is governed by a Jacobian equation. For a map generated from
a potential, π = ∇φ, this is the Monge-Ampère equation:

det(∇2φ(u)) · ρC(∇φ(u)) = ρM(u) (2.3)

Previously, we used this equation as a tool for reconstruction, inputting both ρM and ρC .
Now, we understand its true role. It is the fundamental ”law of projection.” The minimiza-
tion of the Information-Action functional ‘I‘ determines the hidden geometry and its ergodic
measure ρM. The principle of optimal transport then provides a unique potential φ and,
through its Jacobian, determines the one and only possible stable, observable probability
measure ρC . The equation is not used to check consistency; it is used to derive the observ-
able result. This completes the formalism, removing the final ad hoc component from the
HDPO framework.

3 The Path to Full Unification: Deriving the Standard
Model and Gravity

The successful establishment of a general formalism for the projection map completes the
core architecture for reproducing quantum mechanics. We now turn to the second great
challenge: demonstrating that the HDPO framework provides a concrete, calculable path
toward the unification of all fundamental forces, including gravity. This requires showing
that the full gauge group of the Standard Model and the dynamics of spacetime itself can
be derived from the Governing Principle of Minimal Information-Action.

3.1 The SU(3) Challenge and the Search for a Unified Manifold

Paper [5] provided a computational proof-of-concept for the emergence of the U(1) and SU(2)
isometry groups. To derive the full gauge group of the Standard Model, SU(3)×SU(2)×U(1),
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we must search for a stable minimum of the Information-Action functional I in a higher-
dimensional and richer class of manifolds.

We propose that the natural candidates for this unified manifold are **compact Calabi-Yau
manifolds**. These complex manifolds, which are central to string theory, possess several
properties that make them highly suitable for the HDPO framework:

1. Rich Isometry Groups: Calabi-Yau manifolds are known to possess a wide variety
of isometry groups, making them plausible candidates for hosting the full Standard
Model group.

2. Ricci-Flatness: By definition, Calabi-Yau manifolds are Ricci-flat (Rµν = 0). This
means their total scalar curvature is zero (

∫
RdV = 0), automatically minimizing the

geometric complexity term CGeom in our functional I. This suggests they are natural
and powerful attractors for the variational principle.

3. Supersymmetry and Stability: They are intrinsically related to supersymmetry,
a property which may play a role in the stability and low entropy of the dynamical
solutions.

The clear, albeit computationally intensive, path forward is to extend the Geometric Sim-
ulated Annealing algorithm developed in [5] to search the space of discretized Calabi-Yau
geometries. The primary objective of this next phase of research is to demonstrate that the
deepest minima in this landscape correspond to manifolds whose isometry group is precisely
SU(3)×SU(2)×U(1).

3.2 The Emergence of Gravity and Spacetime

In the HDPO framework, spacetime is not a fundamental entity but an emergent structure.
We now formalize this concept by positing that the full, high-dimensional hidden manifold
M can be described as a fibre bundle.

• Spacetime as the Base Manifold: Our observable 4-dimensional spacetime is iden-
tified with the **base manifold** of this geometric structure. It is the large-scale,
non-compact foundation upon which the compact fibre is attached.

• Gauge Groups as Fibre Geometry: The compact, higher-dimensional space whose
isometries correspond to the gauge groups of the Standard Model constitutes the
**fibre** of the bundle. What we perceive as an ”internal” symmetry at a point in
spacetime is, in reality, the geometry of the fibre attached to that point.

This structure leads to the final grand conjecture of the HDPO program, unifying the
Governing Principle with General Relativity.

Conjecture: The Einstein Field Equations are the low-energy, effective description of the
Governing Principle of Minimal Information-Action projected onto the base manifold.

The ultimate law is the variational principle δI = 0, which governs the geometry of the
entire high-dimensional manifold M. When this principle is applied globally, and its con-
sequences are ”averaged” or integrated over the compact fibre dimensions, the resulting
effective dynamical law that governs the geometry of the 4D base manifold (our spacetime)
is General Relativity. Gravity is thus not a separate force to be unified, but is the large-scale,
effective expression of the universe’s cosmic drive for maximal algorithmic efficiency. The
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stress-energy tensor Tµν in the Einstein Field Equations is interpreted as the response of the
optimal fibre geometry to the presence of matter (stable resonant modes on the manifold).

4 The Consolidated HDPO Framework: A Candidate
Theory of Everything

4.1 The Final Architecture

This pentalogy of foundational papers culminates in a complete and self-contained theo-
retical architecture. The HDPO model, in its final, consolidated form, is defined by the
following five core principles:

1. The Governing Principle: Physical reality corresponds to a stable, local mini-
mum of a total algorithmic cost functional, the Information-Action I, which demands
maximal efficiency in the universe’s encoding of its own structure and dynamics.

2. The Unified State Space: The complete state of the universe is a point on a single,
unified, high-dimensional Lorentzian manifold, M.

3. Forces as Isometries: The fundamental forces (gauge interactions) are identical to
the isometry groups of the manifold M.

4. The Law of Projection: The connection between the hidden manifold and the ob-
servable world is an optimal transport map governed by the Principle of Informational
Fidelity, from which the Born rule is a derived, emergent statistical law.

5. Spacetime as an Emergent Structure: Our 4D spacetime is the emergent base
manifold of a fibre bundle structure, and General Relativity is the effective, low-energy
description of the Governing Principle on this base.

4.2 What HDPO Achieves

This framework provides a single, deterministic, geometric, and informational foundation
that has a clear, calculable path to deriving Quantum Mechanics, the Standard Model, and
General Relativity from first principles. It resolves the core paradoxes of modern physics
by positing a new, deeper level of reality that is fundamentally comprehensible.

5 Conclusion and Outlook

5.1 Summary of Achievements

This paper, the sixth in its series, has provided the final pieces of the mathematical machin-
ery for the High-Dimensional Phase Orbiter model. By establishing a general, non-circular
formalism for its projection map based on optimal transport theory, we have completed
the derivation of quantum mechanics from deterministic principles. By outlining a concrete
path to deriving the full Standard Model and General Relativity from the minimization of
a single Information-Action functional, we have completed the architectural framework for
a candidate Theory of Everything.
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5.2 A New Paradigm

The HDPO hexalogy has established a new paradigm for fundamental physics—one based
not on axiomatic laws but on emergence from a single variational principle. In this view,
the universe is not a computer, but it is a system that computes its own most efficient form.
The seemingly disparate and often counter-intuitive rules of quantum mechanics, particle
physics, and gravity are not separate domains of knowledge. They are unified as different
expressions of a single, underlying, and elegant geometric object.

5.3 The Future is Calculational

The conceptual development of the foundational theory is now complete. The future of the
HDPO research program is explicitly calculational and computational. The grand challenges
are clear: performing the large-scale simulations on Calabi-Yau manifolds to derive the
SU(3) symmetry; using the emergent geometry to calculate the fundamental constants of the
Standard Model from the single parameter κH ; and exploring the cosmological implications
of this new paradigm, from the Big Bang to the nature of dark energy. The foundational
work is done. The computational work is just beginning.
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