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Abstract

This paper introduces a proposed foundation for fundamental physics derived not from
empirical postulates but from a single, provable statement of logical consistency termed
the Meta-Principle. We formally state this principle—the impossibility of self-referential
non-existence—and provide a proof of its tautological nature using the calculus of inductive
types. We argue that a provable statement of this nature provides an exceptionally solid,
non-empirical starting point for physics, shifting the burden of falsifiability from the axiom
itself to the necessary consequences that are derived from it. All further physical results are
derived in the companion manuscript Recognition Science: The Inevitable Framework, which
supersedes the present note on matters of scope or detail.

Keywords: axiomatic physics; type theory; foundations of physics; logical necessity;
tautology; dark matter; cosmology

1. Introduction
1.1. The Quest for a Final Axiom

The history of physics can be viewed as a relentless drive towards unification and
simplification, a quest to explain the maximal diversity of phenomena with a minimal set
of foundational principles. From Newton’s unification of celestial and terrestrial mechanics
to Maxwell’s synthesis of electricity, magnetism, and light, the great advances in our
understanding of the universe have consistently been marked by a reduction in the number
of required axioms. This pursuit is not merely an aesthetic preference for elegance; it reflects
a deep-seated belief that a truly fundamental theory should not be an ad-hoc collection of
rules but a coherent and singular explanatory structure.

The twentieth century accelerated this trend with the development of General Relativ-
ity and the Standard Model of particle physics. Yet, this success has revealed a profound
challenge [1]. While these theories possess immense descriptive power, they are not ax-
iomatically minimal. Their foundations rest upon a set of free parameters—fundamental
constants that are not derived from the theories themselves but must be measured experi-
mentally and inserted by hand. The Standard Model requires approximately nineteen such
parameters [2], while the ACDM model of cosmology requires another six [3]. The fact
that the universe operates according to these specific, finely-tuned values remains the great
unexplained mystery of modern physics [4].

This "parameter crisis" can be framed as a symptom of incomplete axiomatization. It
suggests that our current theories, though empirically successful, are effective descriptions
built upon a yet-undiscovered foundational layer. The existence of these tunable dials
indicates that there are deeper principles at play that we have not yet grasped—principles
that should, if understood, fix the values of these constants with logical necessity. The
ultimate goal of this historical quest, therefore, is the discovery of a final axiom: a single,
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self-evident principle from which all the rules and parameters of reality can be deductively
derived, leaving no room for arbitrary choices [5]. %

1.2. From Empirical Postulates to Logical Necessity 40

The foundational axioms of modern physics, powerful as they are, share a common  «
epistemological origin: they are empirical postulates, generalized from observation [6,7].  «
The principle of relativity, for instance, elevates the consistent observation that the laws of 4
physics appear the same to all inertial observers into a universal axiom. The quantization 4
of action, likewise, is a postulate required to explain the observed stability of atoms and
the spectrum of black-body radiation. These principles are not derived from pure reason; 4
they are contingent truths about the specific character of our universe, discovered through
experiment. As such, they are fundamentally falsifiable. A single, credible experiment that 4
violated Lorentz invariance would force a revision of one of our most deeply held axioms. 4

This paper explores a different path. It seeks a foundation for physics that is not =
contingent but necessary, not empirical but logical. The goal is to identify an axiom thatis =
not a generalization from experience but a statement that must be true in any self-consistent =
reality. Such an axiom would not be a physical postulate in the traditional sense, buta =
logical tautology—a statement that is true by definition and by the rules of logic itself. 54

A theory built on such a foundation would have a profoundly different character s
[8]. Its starting point would be immune to empirical falsification, not because it makes s
no contact with reality, but because it is true for reasons that precede physical reality. s
Its authority would come from logic, not observation. This approach seeks to ground s
physics in the same certainty as mathematics [9,10], aiming to construct a framework where s
physical laws are not discovered in the lab but are proven as theorems flowing from a
single, unassailable statement of consistency. o1

1.3. An Overview of the Meta-Principle 62

The candidate for this singular, logically necessary axiom is the Meta-Principle, which &
can be stated informally as: Nothing cannot recognize itself. This is not a statement about e
physical objects or forces, but about the requirements for a concept like "nothingness" or s
"non-existence" to be logically coherent. 6

For the concept of absolute non-existence to be meaningful, it must be fundamentally ¢
devoid of properties, attributes, and internal structure. The act of recognition, in its most e
basic form, is a relational event; it requires a recognizer and something to be recognized.
This implies the existence of at least two distinguishable entities, and thus a minimal
structure. The Meta-Principle asserts that absolute non-existence, by its very definition, =
cannot possess such a structure. An entity that could recognize its own state of nothingness =
would, by performing the act of recognition, possess a capability and a structure that
contradicts its own nature as nothing. It would be a "something," not a "nothing." 74

Therefore, the statement "Nothing cannot recognize itself" is a paradox of self-reference.
It asserts that a state of absolute non-existence is logically barred from verifying its own
condition without ceasing to be what it is. As we will show, this seeming philosophical
paradox can be formalized and proven to be a logical tautology. Its power lies in its
immediate implication: for a reality to be self-consistent, it must necessarily possess
the minimal structure required to avoid this foundational contradiction. It is this logical &
necessity that serves as the engine for the deductive framework that follows. The immediate &
consequence of this principle is that a self-consistent reality is forced to possess a minimal, e
dynamic, and relational structure, a requirement that, as will be shown, necessitates a &
provably unique universal system of cost-accounting that forms the basis of all physical

=

law. The proof of this uniqueness is provided in the companion manuscript [11]. &



Version October 23, 2025 submitted to Axioms 30f9

1.4. Objective and Structure

Before a physical framework can be constructed, its foundation must be shown to be
secure. The sole, focused objective of this paper is therefore to formally define the Meta-
Principle and provide a rigorous, self-contained proof of its status as a logical tautology.
By doing so, we establish it as a viable candidate for the singular axiom of a deductive
physical theory.

The remainder of this paper is structured as follows. Section 2 introduces the minimal
formal machinery from type theory required for the proof, presents the formal statement,
and provides the complete proof of the Meta-Principle. Section 3 discusses the epistemo-
logical implications of using a tautological axiom as the foundation for a physical theory.
Finally, Section 4 provides a concrete, parameter-free derivation of a major cosmological
parameter to demonstrate the framework’s empirical power. The logical consequences of
the Meta-Principle beyond the foundational proof and the single derivation provided here
are proved in full in Recognition Science: The Inevitable Framework [11], which takes formal
precedence on all matters of scope and detail.

2. Formalism and Proof of the Meta-Principle (Foundation Only)

To prove that the Meta-Principle is a logical tautology, we must first translate its
informal statement into a precise, formal language. The language of modern type theory
[12,13], as implemented in proof assistants like Lean 4 [14], is ideally suited for this task. It
provides a robust framework for defining concepts and rigorously checking the validity of
logical steps. This section introduces the two minimal definitions required to construct the
formal proof.

2.1. Minimal Logical Machinery
2.1.1. The Empty Type

The concept of "absolute nothingness" or "non-existence" is formalized using the
empty type, which we will call Nothing. In type theory, a type is a collection of values or
"terms." The Nothing type is defined as a type that has no terms; it is an uninhabited set. It
is specified formally as an inductive type with zero constructors. This means it is logically
impossible to create an instance of this type. Any assumption that one possesses a term
of type Nothing immediately leads to a contradiction (ex falso quodlibet). This provides the
perfect, unambiguous formal representation of non-existence.

Listing 1: Formal definition of the empty type in Lean 4.

/-- The empty type represents absolute nothingness -/
inductive Nothing : Type where

-- No constructors - this type has no inhabitants

2.1.2. The Recognition Structure

The concept of "recognition" is formalized as a generic relational event.! To avoid
introducing any unnecessary physical assumptions, we define it in the most general way
possible: a Recognition is simply a structure that pairs a "recognizer" with something
that is "recognized." An instance of Recognition(A, B) requires one term of type A (the
recognizer) and one term of type B (the recognized). This structure does not specify the
nature of the interaction; it only asserts that for a recognition event to occur, there must be
an actual entity that performs the recognition and an actual entity that is its object.

1 The term "recognition" is used here in a purely technical sense, synonymous with a "distinction-event" or

"relational update.” It is intentionally devoid of any cognitive, agentive, or anthropomorphic connotations.
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Listing 2: Formal definition of the recognition structure.

/-- Recognition is a relationship between a recognizer and what is recognized 12(1)
—/ 132
structure Recognition (A : Type) (B : Type) where 133
recognizer : A 134
recognized : B 13

With these two definitions—one for absolute non-existence and one for a minimal 1
relational event—we have all the formal machinery required to state and prove the Meta- 13
Principle. 139

2.2. Formal Statement of the Meta-Principle 140

Using the machinery above, we can translate the informal statement "Nothing cannot 1.
recognize itself" into a precise, unambiguous proposition. A "Nothing recognizing itself" 1.
event would be an instance of the type Recognition(Nothing, Nothing). The Meta- 1

Principle is the formal assertion that no such instance can exist. L
In the language of logic and type theory, this is expressed as: 15
Meta-Principle = —3(r : Recognition(Nothing, Nothing)) (1)

This can be read as: "It is not the case that there exists an instance, 7, of the type s
Recognition(Nothing, Nothing)." This formal proposition is what we will now prove to 17
be a tautology. 148

2.3. Formal Proof 149

The proof of the Meta-Principle proceeds by contradiction and is remarkably direct, 15
relying only on the definitions established above. The steps of the proof correspond directly 1
to the tactics used in a formal proof assistant, and the full implementation is provided in 15
Appendix F. 153
1.  Assumption for Contradiction: We begin by assuming the negation of our goal. That 1

is, we assume that there does exist an instance of a ‘Recognition(Nothing, Nothing)’ 15

event. Let’s call this hypothetical instance “r’. 156
2. Deconstruction: By the definition of the ‘Recognition’ structure (Listing 2), any s

instance ‘r* must have a field named ‘recognizer’. The type of this field, in this specific s

case, is “Nothing’. So, from our assumption that ‘r’ exists, it follows that we must 15

possess a term ‘r.recognizer’ of type ‘Nothing’'. 160
3.  Contradiction: By the definition of the empty type (Listing 1), the type ‘Nothing” is 1

uninhabited. It has no constructors, so it is impossible for any term of this type to 1

exist. The conclusion from Step 2—that we have a term of type ‘Nothing’—is therefore 1

a direct contradiction with the definition of the type itself. 164
4.  Conclusion: Since our initial assumption (the existence of ‘r’) leads logically to an 1

unavoidable contradiction, the assumption must be false. Therefore, the original 1

proposition—the negation of the existence of ‘r*—must be true. 167

This completes the proof. The Meta-Principle is not an axiom that we must assume, 1
but a theorem that is a necessary consequence of the definitions of non-existence and 1
recognition. It is a logical tautology. 170

2.4. Derivation Sketch: From Meta-Principle to Minimal Dynamical Structure 171

While the Meta-Principle is a formal tautology, connecting it to physical reality requires 17
interpreting its consequences. The following derivation sketches the most direct and 1
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minimal set of physical interpretations that arise from the necessity of a non-empty, self- 1
consistent reality. s

1. Logical Tautology (Meta-Principle): As proven in Appendix F, the empty type 1
(Nothing) cannot support a recognition event, formalized as =3r : Recognition(Nothing, Nothi
This implies that any self-consistent reality must be non-empty and capable of distinc- 1
tion (recognition) to avoid collapsing into self-referential non-existence. 179
2. Necessity of Distinction: A non-empty reality requires at least one distinguishable 1
state. Without distinction, all states are informationally equivalent to the empty type, 1
violating the Meta-Principle. Distinction manifests as a relational event (recognition), 1
introducing a minimal structure: a pair of entities (recognizer and recognized). 183
3.  Emergence of Dynamics (Alteration): Static states lack distinction over time, asno s
change occurs to verify existence. To maintain consistency, states must alter. This 1
alteration is the simplest dynamic: a transition from one state to another, ensuring 1
ongoing recognition. 187
4.  Tracking via Ledger: Alterations must be verifiable to prevent hidden inconsistencies. 1
The minimal tracking structure is a ledger, a countable record of alterations. Untracked  1s
alterations would allow infinite or negative entries, contradicting finiteness. 190
5. Positive Cost Imposition: For the ledger to be non-trivial, each alteration must incur 1
a finite, positive cost (A] > 0). A zero-cost alteration is indistinguishable from no 1
alteration, while a negative-cost one would permit creation from nothing, both of 1
which collapse the distinction required to avoid the Meta-Principle. This cost is the 10
quantitative measure of dynamical change. 195

This chain yields a minimal dynamical framework: a ledger-tracked system of positive- 19
cost alterations.? For visual clarity, consider the following schematic: 197

Necessity of

change for
oD Distinction distinction Alteration (Dy-
\\Ae‘y‘-}gs M- (Recognition Pair) namic Transition)
Sl
ﬁoteﬁefe“ce
Tracking for
Empty Type consistency
(Nothing)
Ledger

(Tracked Cost)

Figure 1. Schematic of the deductive chain from Meta-Principle to minimal dynamical structure.

3. Discussion: Implications of a Tautological Foundation 198

The deductive cascade outlined in Section 2.4 is skeletal; every lemma after the estab- 10
lishment of the positive-cost ledger is proved rigorously in the main Framework manuscript 200
[11]. The present section merely discusses the epistemological implications of this founda-
tional approach to show continuity. 202

3.1. The Nature of the Axiom 203

The proof presented in Section 2 establishes the Meta-Principle not as a physical 20
postulate, but as a theorem of logic [15]. This result is significant, as it fundamentally alters s
the epistemological nature of the theory built upon it. The foundation of this framework 2o
is not an assumption about the universe that could one day be overturned by a new 2o

2 For the rigorous proofs of the principles derived from this cascade, including Dual-Balance, Ledger-Necessity,

and the uniqueness of the cost functional, see the comprehensive framework manuscript [11, Sec. 2].
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experiment, but a statement that is true by the rules of logic itself, in the same way that
2+2 =4is true.

This provides a level of certainty at the axiomatic level that is absent in traditional
physical theories. Those theories rest on contingent truths—principles that appear to
hold in our universe but are not logically necessary. The Meta-Principle, by contrast, is
a necessary truth. Its authority is not derived from its ability to describe a collection of
observations, but from its internal consistency. This shifts the ground of physics from a
purely empirical science to a deductive one, rooted in a single, unassailable statement of
logical truth.

3.2. From Impossibility to Necessity

The Meta-Principle is a negative statement; it defines what is logically impossible. Its
profound power, however, lies in the positive consequences it immediately implies. By
proving what a self-consistent reality cannot be (i.e., a state of self-referential non-existence),
it sets a boundary that reality must exist outside of. Any logically consistent reality must,
therefore, be a "not-Nothing" reality.

This is the logical spark that necessitates existence. A universe that is logically possible
must possess the minimal structure required to avoid the contradiction identified by the
Meta-Principle. It cannot be static, featureless, or informationally void [16,17], as such states
would lack the relational structure necessary to distinguish them from the formal ‘Nothing’
and would thus collapse into the logical absurdity of a self-verifying non-existence. Instead,
a consistent reality is forced to be dynamic, relational, and structured [18]. The Meta-
Principle, by closing the door to non-existence, leaves open only the door to a universe
with the capacity for recognition and interaction. The subsequent work in this theoretical
program is dedicated to deducing the complete and unique set of properties that this
minimally-consistent reality must possess [19].

3.3. Falsifiability in a Deductive Theory

A critical question for any scientific proposal is that of falsifiability [20]. A theory built
upon a tautological axiom presents a unique case. The axiom itself—the Meta-Principle—is
not empirically falsifiable, because it is a statement of logic, not a statement about the
contents of the universe. An experiment cannot disprove a mathematical theorem.

However, this does not mean the resulting physical theory is unfalsifiable. Rather, the
burden of falsifiability is transferred from the axiom to the deductive chain that follows
from it. The core, testable claim of this research program is twofold:

1. That the chain of reasoning from the Meta-Principle to a full-fledged physical frame-
work is a logically sound deductive chain (see Framework Sec. 2.3 for the Ledger-
Unicity proof that eliminates alternative cascades) [11].

2. That the resulting framework accurately describes the universe we observe.

Falsification would occur if either of these claims fails. If a flaw is found in the deductive
logic, the framework collapses. More importantly, if a necessary, parameter-free prediction
of the framework—such as the value of a fundamental constant or the form of a physical
law—is shown to be in conflict with empirical observation, then the entire theory is falsified.
The claim is not just that a logically consistent universe can be deduced, but that the result
of this deduction is our universe. The test, therefore, is whether the singular, rigid structure
forced by logic matches the reality measured by experiment.
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4. Empirical Validation: A Parameter-Free Derivation of the Dark Matter
Fraction

To bridge the gap between a logical tautology and empirical science, and to directly
address the question of falsifiability, this section provides an explicit, parameter-free deriva-
tion of a major cosmological parameter: the dark matter fraction, (4. This derivation
serves as a concrete example of the framework’s predictive power, demonstrating how
a precise, testable quantity emerges directly from the geometric and logical constraints
imposed by the Meta-Principle.

The framework posits that what we observe as "dark matter" is not a particle, but a
geometric interference effect arising from the structure of the discrete spacetime lattice. A
complete recognition event requires a cycle across the minimal unit of 3D space (a voxel),
which has 8 vertices and 12 edges. The flow of information (recognition) through these
12 edge-channels can be modeled as a wave interference phenomenon. The fraction of
energy that manifests as pressureless, non-interacting dark matter is the minimal, non-zero
probability of an unresolved recognition path in this interference pattern.

This probability is derived from the geometry of the 12-channel voxel, where the
minimal non-zero interference amplitude is given by the sine of the minimal angle of
displacement, 6 = 7r/12. This yields a base value:

Qdm, base = Sin(%) ~ 0.258819 )

This geometric term is then corrected by a small, positive factor, §, which accounts for
the "informational cost" of the logical undecidability inherent in the system’s ledger. This
correction is derived from a universal, convergent series rooted in the framework’s core
scaling constant, ¢. The leading term of this series is 1/(81n ¢).

1
5= Sing ™ 0.006115 3)

The final predicted value is the sum of these two parameter-free terms:

L (T
Qdm = sm(—

— A 0.258819 + 0.006115 = 0.264934 4
12) Sing 0.258819 + 0.006115 = 0.26493 (4)

This result, Qg ~ 0.2649, matches the value reported by the Planck Collaboration (0.265 &
0.007) [3] with extraordinary precision. This serves as a powerful, concrete demonstration of
the deductive chain from the Meta-Principle’s required geometric structure to a falsifiable,
high-precision cosmological prediction.

5. Conclusion

While the full deductive cascade of the Meta-Principle’s consequences—the emergence
of a universal ledger, the structure of spacetime, and the specific forms of physical law—is
presented in a comprehensive manuscript [11], this paper has accomplished the essential
first step. The central achievement of this work is the formalization and proof of the
Meta-Principle, demonstrating that the statement "Nothing cannot recognize itself" is not a
physical postulate subject to empirical verification, but a logical tautology.

By grounding our foundation in a necessary truth [21], we propose a shift in the
epistemology of fundamental physics. The Meta-Principle provides a candidate for a
singular, parameter-free axiom that is both unassailable on its own terms and powerfully
generative in its implications. It establishes a secure, non-empirical starting point upon
which a complete and deductive theory of physics can be built.
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Appendix F Formal Proof of the Meta-Principle

The foundational claim of this framework is that the impossibility of self-referential

non-existence is not a physical axiom but a logical tautology. This is formally proven in

the Lean 4 theorem prover. The core of the proof rests on the definition of the empty type

(‘Nothing’), which has no inhabitants, and the structure of a ‘Recognition’ event, which

requires an inhabitant for both the "recognizer" and the "recognized" fields.

The formal statement asserts that no instance of ‘Recognition Nothing Nothing’ can be

constructed. Any attempt to do so fails because the ‘recognizer’ field cannot be populated,

leading to a contradiction. The minimal code required to demonstrate this is presented

below.

/-

Listing 3: Formal Proof of the Meta-Principle in Lean 4

The empty type represents absolute nothingness -/

inductive Nothing : Type where

/-

- No comstructors - this type has no inhabitants

Recognition is a relationship between a recognizer and what is

recognized -/

structure Recognition (A : Type) (B : Type) where

recognizer : A
recognized : B
/-- The meta-principle: Nothing cannot recognize itself -/
def MetaPrinciple : Prop :=
(r : Recognition Nothing Nothing), True
/-- The meta-principle holds by the very nature of nothingness -/
theorem meta_principle_holds : MetaPrinciple := by
-- The intro tactic deconstructs the existential assumption,
-- giving an instance ’r’.
intro r , _
-- The cases tactic attempts to analyze the ’r.recognizer’ term.
-- Since its type is Nothing, which has no inhabitants, this
-- immediately yields a contradiction, completing the proof.
cases r.recognizer
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