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DOCUMENT STATUS

This is a speculative theory-building document. Established physics is cited where it supplies mathematical scaffolding; every 
TOE-specific extension, especially the π-coupled dimensional transition and dark-sector interpretation, is explicitly 
conjectural.

0. The proposition in one breath
Assume the TOE is internally correct: the graviton is a fundamental quantum degree of freedom of spacetime; its state can 
function computationally; spacetime geometry is not merely a passive stage but participates in computation; higher-
dimensional structure is physically real within the model; and measurement is a state-transforming operation. Then ask what 
happens when a graviton degree of freedom undergoes a dimensional transition that closes, wraps, or otherwise identifies a 
previously open coordinate.

The working answer proposed here is that the transition carries two coupled signatures: a real information/geometric cost 
and a geometric phase. The phase is naturally described by a holonomy, and a canonical closure operation can supply π. The 
same transition changes the allowed hidden-dimensional momentum spectrum, creating an effective mass in the lower-
dimensional description. Massive spin-2 states are therefore a natural place to investigate an effective dark-matter sector 
without introducing an independent dark-matter ontology.

The deliberately radical extension is that the same hidden graviton/spacetime machinery may also support an effective 
cosmological or dark-energy-like response through coherent geometric backreaction. This document does not claim that step
is solved. It defines a route by which it could be attacked without adding a new fundamental substance by fiat.

1. The non-negotiable starting point: ALL
ALL IS EPISTEMIC

The claim is ontological/physical, not merely a statement about human knowledge.

The phrase “all is epistemic” is intentionally stronger than the familiar proposition that human knowledge is epistemically 
mediated. The present TOE uses “epistemic” to denote physically instantiated differentiation, relation, measurement, state 
distinction, information, and constraint. Humans are one local realization of epistemic processing; they are not the source of 
epistemicity.

“All is physically epistemic” is therefore a clarifying reformulation, not a restriction from ALL to some subset. The modifier
physically is intended to prevent the proposition from collapsing into a theory of human cognition. The universal quantifier 
remains the point: ALL means ALL.

EPISTEMIC TRINITY

ALL → IS → EPISTEMIC. The three words are treated as a compact relational primitive: totality, relation/identity, and 
character. This is a structural motif, not yet a mathematical theorem.

The operational kernel is the K3 sequence: Differentiate → Relate → Measure. In the present memorandum, K3 is 
interpreted as a minimal grammar for physical information transformation: a distinction is made, a relation is established, 
and a measurement/state-update resolves or records the relation. The TOE hypothesis is that this grammar is not only 
descriptive of observers; it is embedded in the dynamics of the physical substrate.
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2. The graviton is promoted from messenger to 
computational primitive
In conventional quantum gravity language, a graviton is a hypothetical quantum excitation of the gravitational field. This 
TOE makes a stronger working assumption: graviton degrees of freedom are computational primitives of spacetime itself. 
The graviton is not merely transmitting information about geometry; its state participates in the production and 
transformation of geometry.

For the spin-2 sector, a five-state qdit is used as the natural computational register:

|m ,  m  {−2, −1, 0, +1, +2}.⟩ ∈
A massive spin-2 field propagates five physical degrees of freedom in the standard massive description [1].

The five-state assignment is therefore a deliberate bridge between a known property of massive spin-2 fields and the TOE’s 
computational interpretation. The TOE-specific claim is not that every graviton is experimentally known to be a five-level 
qudit; rather, the model treats the five-state spin-2 structure as a candidate computational alphabet for its graviton sector.

KEY MOVE

The graviton becomes both a geometric actor and an information-bearing gate. The central question is then: what does a 
graviton gate do when the allowed geometry itself changes?

3. “Nothing is free”: what exactly is the cost of dimensional 
change?
The intuitive proposal is that transforming an open degree of freedom into a closed one should not be treated as a costless 
relabeling. The phrase “turning a line into a circle” is therefore interpreted physically as changing the topology, boundary 
condition, or identification structure of a state space—not as literally bending Euclidean paper.

A compact coordinate is periodic. Schematically,

x ≡ x + 2πR.
The state space acquires a global identification rather than merely a local deformation.

Once the identification is physical, the transition can affect both the spectrum of allowed modes and the phase acquired by a 
state transported around the associated closed path. Geometric phases and holonomies are established structures in quantum 
theory [2–4]. The TOE conjecture is that a dimensional transition can be represented by the same mathematical language, 
with the graviton qdit carrying the corresponding transformation.

4. π as geometric closure, not as numerology
The proposal is not “circles contain π, therefore dimensions.” The sharper statement is: when a physical degree of freedom is
compactified or closed, a closed transport path may carry a nontrivial holonomy. The phase of a quantum state under such a 
cycle is geometrically meaningful; geometric phase is naturally represented through a connection and its holonomy [2,3].

Φd = γd 𝒜d∮
A geometric connection 𝒜 integrated along a closed path γd produces a holonomy/phase.
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The TOE-specific move is to identify an elementary dimensional transition with a distinguished geometric operation whose 
phase can take the value π. In the simplest ansatz:

Φd = π Gd  →  Ud(π) = exp(iπ Gd).
Gd is the generator of the dimensional transition in the graviton-qdit sector.

For the five-state spin-2 basis, taking Gd to act diagonally as the spin projection operator gives the illustrative transformation

Uπ = diag(+1, −1, +1, −1, +1).
This is a mathematical illustration of a π phase gate on the five-state basis, not a claimed physical result.

The importance of π is therefore operational rather than mystical: π labels a nontrivial geometric closure. The irrationality of 
π can be interpreted, within the conjecture, as a signature that continuous geometry cannot be reduced to a purely integer-
valued closure cost. The “3 plus the change” intuition is retained as a conceptual mnemonic, not an arithmetic law.

5. The master transition ansatz: a real cost plus a phase
The cleanest synthesis is to represent the dimensional transition by a complex transition weight. The real exponential 
encodes suppression/amplitude; the unitary factor encodes geometric/computational phase:

W(d→d+1) = exp[−ΔIE,d / ħ] · P exp(i γd 𝒜d).∮
Here ΔIE,d is a Euclideanized or otherwise positive-definite information/geometric action assigned to the transition, while P 
denotes path ordering when the connection is non-Abelian. In the simplest one-generator case with a π holonomy:

W(d→d+1) = exp[−ΔIE,d / ħ] · exp(iπ Gd).
This is the formal version of the intuition: the transition is not free. It costs something in the amplitude/action sector and 
simultaneously rotates the state in the phase/computational sector. The two effects need not be the same physical quantity 
and should not be conflated.

IMPORTANT

The word “cost” is deliberately provisional. The theory must define ΔIE,d from a Hamiltonian, action, information functional, 
or thermodynamic potential. Until then, “cost” is a placeholder for a quantity the final theory must earn.

6. Entropic payback: where your “negative entropy” 
intuition can live
The phrase “negative entropy wanting a payback” is best translated into bookkeeping rather than agency. A subsystem can 
become more ordered or more constrained while the entropy/information budget of the closed system remains consistent 
with the second law. Thus, if the observable sector undergoes ΔSobs < 0 during a dimensional transition, the hidden sector 
must carry compensating entropy or information:

ΔStotal = ΔSobs + ΔShidden  ≥ 0.
The TOE candidate is that the hidden reservoir is not an arbitrary external bath. It is the hidden graviton/spacetime sector 
itself - compact modes, correlations, geometric degrees of freedom, or inaccessible qdit structure.

A dimensionless information-cost functional can be introduced schematically as

ΔC = αg ΔAgeom / ℓP²  −  αS ΔSinfo / kB  +  βd ΔKd.
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The coefficients must be fixed by the eventual dynamics; the expression is an ansatz.

This does not assert that entropy is literally a force. It says that a model can assign a thermodynamic/information penalty to 
changing the number, arrangement, accessibility, or correlations of degrees of freedom. The black-hole literature already 
demonstrates a deep relation between gravitational geometry and entropy; for example, Wald showed that in a broad class of
diffeomorphism-invariant gravitational theories, the entropy associated with a stationary black hole can be represented as a 
geometric Noether charge with an overall 2π factor [5].

7. Hidden-dimensional momentum becomes visible as mass
This is the bridge from geometry to the “massive graviton qdit” idea. In compactified higher-dimensional theories, 
momentum in a compact direction is quantized, and higher-dimensional gravitational fields can yield massive spin-2 Kaluza-
Klein modes in the lower-dimensional effective theory [6,7].

pd = ħ/Rd · (n + θ/2π).
θ is a boundary-condition / holonomy parameter.

For the distinguished π coupling, θ = π, giving the illustrative half-shift

pd = ħ/Rd · (n + 1/2).
The corresponding lower-dimensional effective mass can then be represented schematically as

meff² c² = m0² c² + pd².
Again, the compactification mathematics supplies precedent; the TOE-specific claim is that the hidden mode is not merely a 
passive Kaluza-Klein excitation but an actively computational graviton qdit whose state, geometry, and information content 
are dynamically linked.

8. The dark-matter hypothesis: no new dark ontology 
required
The provocative statement is:

DARK MATTER ≈ EFFECTIVE MASS/GRAVITY OF MASSIVE GRAVITON
QDIT MODES.

The “≈” matters. This is not a declaration that dark matter has been identified. It is a candidate interpretation to be derived 
and falsified. The conceptual advantage is ontological economy: rather than introducing an independent dark particle, the 
theory asks whether hidden gravitational degrees of freedom already present in its fundamental architecture can generate the 
observed extra gravitational response.

A viable version of the hypothesis would need to reproduce, with the same parameter set, at least the following classes of 
observations: galaxy-scale dynamics; gravitational lensing; cluster-scale mass distributions; early-universe perturbation 
growth; and the observed large-scale structure. The fact that massive spin-2 fields have five physical degrees of freedom and
can be mathematically incorporated into cosmological settings provides a relevant piece of established scaffolding [1]. The 
claim that these states are the observed dark matter remains entirely conjectural.
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9. The dark-energy branch: keep it inside geometry until 
reality forces another field
The dark-energy problem can be approached by the same economy principle. Do not add a new substance merely because 
cosmic expansion exhibits an effective acceleration. First ask whether the hidden graviton/spacetime degrees of freedom 
generate an effective stress-energy or geometric backreaction when their state density, coherence, or dimensional 
configuration evolves cosmologically.

Gμν[g,χ] = 8πG Tμνmatter + Tμνeff[χ, geometry, information].
Here χ denotes the collective hidden graviton/qdit sector. The effective tensor Tμνeff is not assumed to equal a cosmological
constant. The research program is to derive it. Only after deriving its equation of state, conservation properties, 
perturbations, and scale dependence should one ask whether the phenomenology resembles dark energy.

DISCIPLINE

The model should resist the temptation to call every unexplained term “dark energy.” The objective is to derive an effective 
source from the fundamental dynamics, then see what observational label best describes it.

10. The “3 + π” architecture
A recurring structural motif now appears: K3 supplies a three-stage computational grammar, while π supplies a geometric 
closure/phase. The proposed architecture is therefore

3 = Differentiate → Relate → Measure.
computational/epistemic kernel

π = geometric closure / holonomy.
continuous rotational/topological structure

The phrase “3 + π” should not be treated as a numerical constant of nature until a derivation forces it. Its present status is 
architectural: three primitive operations are discrete and relational; π characterizes closure in a continuous geometric degree 
of freedom. The central research question is whether the same action, symmetry, or representation theory naturally generates
both structures.

This also gives a precise place to challenge the intuition. If a deeper symmetry derives K3 and the π holonomy from one 
underlying algebra, the motif becomes meaningful. If the final mathematics requires unrelated assumptions to manufacture 
the pair, the motif is aesthetic rather than fundamental.

11. The “Braille the manifold” picture, translated into 
mathematics
The metaphor is that graviton qdits “Braille” spacetime: local state changes write information into geometric degrees of 
freedom, and repeated interactions build a macroscopic manifold. In equations, the metaphor suggests a map

|ψg   →  δgμν[ψg]  →  gμν + δgμν  →  curvature / causal structure / effective⟩
dynamics.
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The ambitious version treats the metric not as a fundamental variable but as a coarse-grained field reconstructed from 
underlying quantum-geometric states. The qdit register is then closer to a microscopic alphabet, while the metric is the 
macroscopic syntax.

This is exactly where the theory can become either profound or empty. If the map from qdit state to geometry is explicit, 
unitary or otherwise well-defined, local, and produces a controlled classical limit, then “geometry as computation” is more 
than metaphor. If the map never becomes a calculable transformation, the metaphor remains poetry.

Figure 1. Conceptual architecture of the proposed dimensional-transition channel.

12. A candidate “master equation” program
The following ansatz is deliberately the most compact expression that currently captures the entire intuition without claiming
derivation:

Wα→β = exp[−ΔIαβ/ħ] · P exp(i∫γαβ 𝒜) · Uqdit(α→β).
The three factors can be interpreted as: (1) information/geometric cost; (2) holonomy generated by transporting a state 
through the dimensional configuration space; and (3) the intrinsic qdit state transformation. A π transition is a special case in
which the holonomy reduces to exp(iπGd).

The next level of rigor is to derive all three factors from one underlying action rather than writing them independently. That 
is the central mathematical objective.

13. What would have to be true for this to become physics?
 A well-defined Hilbert space (or algebra of observables) for the graviton qdit degrees of freedom.

 A generator Gd for dimensional transitions, with a specified symmetry group and representation.

 A geometric connection  whose holonomy follows from the dynamics rather than being inserted by hand.𝒜
 A dimensionally consistent information/geometric action ΔI that yields the transition suppression or weighting.

 A controlled classical/low-energy limit recovering general relativity to the accuracy required by experiment.
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 A mass spectrum for hidden modes, including stability/lifetime and coupling structure.

 A calculation of the effective stress-energy tensor seen by lower-dimensional observers.

 Cosmological evolution that reproduces the observed history of structure formation and expansion.

 At least one novel, quantitative prediction that differs from standard ΛCDM or other competing frameworks.

14. Kill tests: how to murder our favorite idea
This document is intentionally designed to make the TOE falsifiable rather than inspirational. The following are the high-
value failure points:

KILL TEST WHAT FAILURE MEANS

No non-arbitrary holonomy If π enters only because we choose it, the dimensional-
coupling claim has no explanatory force.

Ghosts or instabilities A massive spin-2 sector must avoid pathological degrees of
freedom and uncontrolled high-energy behavior.

Wrong gravitational scaling
If the effective massive-qdit contribution cannot reproduce 
the required scale dependence of observed gravity, the 
dark-matter interpretation fails.

Wrong lensing Any model reproducing rotation curves but not 
lensing/cluster observations is incomplete or wrong.

Wrong cosmology Failure to reproduce early-universe structure growth or the 
observed expansion history is a decisive problem.

Parameter explosion If every galaxy, epoch, or anomaly requires independent 
tuning, ontological economy has been lost.

No classical limit
If the microscopic computational geometry cannot recover 
ordinary spacetime dynamics, the TOE fails at its own 
bridge.

No unique prediction If the framework can be tuned to fit anything, it predicts 
nothing.

15. Research roadmap: from intuitive bullshit to equations
1. Fix the fundamental state space. Define whether the qdit lives on a finite-dimensional internal space, a field-valued 

space, a tensor-network-like substrate, or a higher-dimensional geometric fiber.
2. Define the dimensional-transition operator. Specify its generator, algebra, and conservation laws.
3. Derive the connection. Show what geometrical object produces the holonomy and whether π emerges from a boundary 

condition, winding number, group representation, or topology.
4. Derive the cost. Construct ΔI from the underlying action and identify the relation to entropy/information without 

importing thermodynamics by metaphor alone.
5. Derive the mass spectrum. Determine which hidden modes are massive, stable, weakly coupled, or long-lived enough to

behave as dark matter.
6. Derive the effective geometry. Coarse-grain the qdit state into gμν and compute the induced curvature/stress-energy.
7. Solve the cosmological system. Follow the hidden sector from the early universe to the present epoch and calculate 

abundance, clustering, lensing, and expansion.
8. Subtract the model’s own degrees of freedom. Ask whether the apparent dark sectors are already counted elsewhere; 

avoid double-counting.
9. Search for a discriminant. Identify one observation that could distinguish the model from ΛCDM or an alternative 

modified-gravity framework.
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16. The epistemic rule governing the whole enterprise
The theory is allowed to be outrageous. It is not allowed to be unfalsifiable.

Differentiate → Relate → Measure → Reality veto → Update.
The graviton is not sacred. Qdits are not sacred. π is not sacred. “All is epistemic” is not even sacred. The only privileged 
object in the methodology is reality itself, because every other element is a model about reality.

ONE-LINE TEST

Build the most elegant model possible. Then try as hard as possible to make reality reject it. If it survives, the survival is 
earned.

17. What is established, what is borrowed, and what is 
ours?
STATUS CONTENT ROLE IN THIS MEMORANDUM

ESTABLISHED 
SCAFFOLDING

Geometric phases / holonomies in 
quantum mechanics [2–4]

Provides a legitimate mathematical 
language for phase under closed 
transport.

ESTABLISHED 
SCAFFOLDING

Massive spin-2 fields carry five 
physical degrees of freedom in 
standard formulations [1]

Provides a natural five-state basis for 
the model’s spin-2 qdit hypothesis.

ESTABLISHED 
SCAFFOLDING

Compactification can yield massive 
Kaluza-Klein gravitational modes [6,7]

Provides precedent for hidden-
dimensional momentum appearing as 
lower-dimensional mass.

ESTABLISHED 
SCAFFOLDING

Gravitational geometry and entropy are
deeply linked [5]

Provides context for an 
information/geometric cost functional.

TOE ASSUMPTION Graviton as computational primitive of
spacetime

Fundamental model assumption used 
here.

TOE ASSUMPTION Spacetime as computational substrate; 
dimensional structure physically 
operative

Fundamental model assumption used 
here.

NOVEL CONJECTURE A dimensional transition carries a real 
information/geometric cost plus a 
geometric phase

Primary new hypothesis in this 
memorandum.

NOVEL CONJECTURE π is an elementary dimensional-
transition holonomy

Primary conjecture; must be derived, 
not inserted.

NOVEL CONJECTURE Dark matter is an effective 
manifestation of massive graviton qdit 
modes

Potential phenomenological 
consequence; must reproduce data.

OPEN BRANCH Dark-energy-like behavior emerges 
from hidden geometric backreaction

Interesting extension, but deliberately 
left less developed until the effective 
stress tensor is derived.
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Appendix A. Compact notation sheet
SYMBOL / PHRASE WORKING MEANING

K3 Differentiate → Relate → Measure

qdit d-level quantum information carrier; here a five-state spin-2
register is the working hypothesis

Gd generator associated with a dimensional transition

𝒜 connection on the relevant state/geometry bundle

dΦ geometric phase / holonomy

IEΔ Euclideanized or effective information/geometric action 
assigned to a transition

χ collective hidden graviton/qdit sector in the effective lower-
dimensional description

T effμν effective stress-energy or geometric source induced by 
hidden-sector dynamics

3 + π architectural mnemonic: K3 discrete/computational kernel 
plus geometric closure phase; not presently a numerical law

Appendix B. The most dangerous beautiful sentence

THE SENTENCE

“A dimensional transition is a physically epistemic operation: it differentiates a state space, relates the old and new degrees of 
freedom through a geometric holonomy, and measures the transition by an information/geometric cost.”

This sentence is the compressed thesis of the memorandum. It is intentionally dangerous because every noun in it creates a 
derivation obligation. “Dimensional,” “transition,” “physically epistemic,” “holonomy,” “measure,” and “cost” must 
eventually be given mathematical definitions compatible with one another and with observation.
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Appendix C. Final reality check
This document assumes the TOE is correct for the purpose of internal reasoning. That assumption is a methodological 
sandbox, not evidence. The strongest version of the project is therefore not “we have explained dark matter.” It is: “Given 
the graviton-computation ontology, there is a compact route by which hidden-dimensional graviton qdit states could generate
effective mass and additional gravitational response; the next task is to derive the transition operator and compare its 
predictions with data.”

All is epistemic.  Conviction without dogma.  Wisdom without immunity from
correction.  Reality without exception.

End of Memorandum.

Nick Rugai  •  TOE  •  Speculative research document  •  Page 11


	0. The proposition in one breath
	1. The non-negotiable starting point: ALL
	2. The graviton is promoted from messenger to computational primitive
	3. “Nothing is free”: what exactly is the cost of dimensional change?
	4. π as geometric closure, not as numerology
	5. The master transition ansatz: a real cost plus a phase
	6. Entropic payback: where your “negative entropy” intuition can live
	7. Hidden-dimensional momentum becomes visible as mass
	8. The dark-matter hypothesis: no new dark ontology required
	9. The dark-energy branch: keep it inside geometry until reality forces another field
	10. The “3 + π” architecture
	11. The “Braille the manifold” picture, translated into mathematics
	12. A candidate “master equation” program
	13. What would have to be true for this to become physics?
	14. Kill tests: how to murder our favorite idea
	15. Research roadmap: from intuitive bullshit to equations
	16. The epistemic rule governing the whole enterprise
	17. What is established, what is borrowed, and what is ours?
	18. References and mathematical scaffolding
	Appendix A. Compact notation sheet
	Appendix B. The most dangerous beautiful sentence
	Appendix C. Final reality check

