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The four ontological axioms of the Axiomatica Universalis — Existence (A1), Asymmetry (A2), Irreversibility
(A3), Unboundedness (A4) — correspond structurally to four foundational observations of modern physics: the
existence of observables, symmetry breaking (of which CP violation is one realisaton), the thermodynamic
arrow of time, and the cosmological constant. This paper does not derive these physical observations
from the AU. It identifies a structural parallel between two independently developed frameworks and asks:
why do they agree? The correspondence is the observation; the explanation remains open.

Abstract

The Axiomatica Universalis (Beyer 2026f) derives communication theory from four ontological axioms: Al (Existence), A2
(Asymmetry), A3 (Irreversibility), A4 (Unboundedness). Each axiom has a structural counterpart in modern physics: Al <
existence of quantum observables; A2 < symmetry breaking (CP violation is one realisaton); A3 < thermodynamic
arrow of time; A4 o positive cosmological constant A. This paper does not claim that the AU derives or explains
these physical observations. The AU and physics were developed entirely independently; the structural parallel is the
observation, not the conclusion. We conjecture (N1) that the correspondence is not accidental — that the AU axioms are
the minimal conditions for a universe to contain conforming receivers, and that the physical observations are their
realisations. This conjecture is speculative and falsifiable. Its value is not as a proof but as a research programme: it
identifies which physical constants are "communicability-necessary" (constrained by A1-A4) and which are contingent.
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1. The Correspondence — and What It Is Not

Epistemic status of this paper. The AU does not derive CP violation, the thermodynamic arrow, or
dark energy. These are empirical observations established by physics independently of the AU. What
this paper identifies is a structural parallel: the same four conditions appear as axioms in the AU
(derived from communication theory) and as foundational observations in physics (derived from
experiment). The parallel is the observation. Why the parallel exists is the open question.

The four axioms of the AU were derived from first principles of communication theory — not from
physics. Yet each has a structural counterpart that has been independently established as a foundational
observation of modern physics.

v2 — Epistemic status of the correspondence table (after reviews by Mistral and ChatGPT,
June 2026). The table below has been revised. Two corrections are critical: (1) A2 maps to symmetry
breaking in general, not specifically to CP violation. CP violation is one contingent realisaton in
particle physics; the AU requires only that gradients exist. (2) A3 maps to the thermodynamic arrow
of time (emergent, statistical) — not to T violation (fundamental). The distinction matters: A3 is
optional in the AU (spatial receivers do not require it), and the thermodynamic arrow is similarly
emergent rather than fundamental.



AU Axiom

A1 Existence

A2 Asymmetry

A3
Irreversibility

A4
Unboundedness

Statement

There are
distinguishable
states

Not all states
are equal —
gradients exist

States change
in one
direction

No system has
a final inner
boundary

Physical counterpart (corrected)

Existence of quantum observables; dim(H) = 2

Symmetry breaking (explicit or spontaneous) — CP
violation is one specific realisaton in particle physics;

gravitational instability, spontaneous symmetry breaking,

and phase transitions are others

Thermodynamic arrow of time (emergent) — the
second law, not fundamental T violation. Both A3 and the
thermodynamic arrow are optional/emergent: A3 is not
needed for spatial receivers; the arrow emerges from
initial conditions.

Positive cosmological constant A > 0 — under the
strengthened A4' (super-polynomial growth). Note: A4
alone does not imply A > 0; this requires A4'.

Relation

Direct — Al is the
precondition for any
physical description

A2 requires non-
uniform measure over
state space. CP
violation is a
realisaton, not the
definition.

Structural parallel in
optionality: both are
observed but not
fundamental.

A4' > A > Qviade
Sitter geometry
(Beyer 20261,
Corollary 1).

The core observation — precisely stated. The four ontological axioms of the AU, derived

independently from communication theory, correspond structurally to the four most fundamental and
least understood observations of modern physics. Each axiom and its physical counterpart describe
the same abstract condition from different starting points. The AU does not explain the physics; the
physics does not validate the AU. The parallel is an observation that demands explanation.

2. Each Correspondence in Detail

2.1 Al (Existence) ¢ Quantum Observables

Al states: there are distinguishable states. In quantum mechanics, this is encoded in the structure of
Hilbert space: a system has a state space H with dim(H) = 2, and observables are Hermitian operators
on H with at least two distinct eigenvalues. Without A1, there is only one state — a featureless void. No
signal, no receiver, no measurement.

The quantum mechanical statement is stronger: not only do distinguishable states exist, but they can be
superposed (quantum coherence). This goes beyond Al, but Al is the necessary condition. A universe
with dim(H) = 1 satisfies no physics and no AU axiom.

Remark 2.1. Al is the most fundamental axiom — it is the precondition for everything else. In
physics, the analogous statement is that the universe has non-trivial structure: fields, particles,
spacetime. Without structure, there is nothing to observe and nothing to communicate about.

2.2 A2 (Asymmetry) ¢ Symmetry Breaking

A2 states: not all states are equal — gradients exist. The correct physical counterpart is symmetry
breaking in general — not CP violation specifically. This distinction matters.

A2 requires only a non-uniform measure over state space: some states are more probable, more
energetic, or more structured than others. This is satisfied by gravitational instability (dense regions
attract more matter), spontaneous symmetry breaking in field theories (the Higgs mechanism),
temperature gradients, and electric fields — none of which require CP violation.

CP violation is one specific realisaton of A2 in particle physics — the one responsible for baryogenesis
(the matter-antimatter asymmetry of our universe). The Sakharov conditions (baryon number violation, C
and CP violation, departure from thermal equilibrium) are sufficient for baryogenesis but far stronger
than what A2 requires. A universe with exact CP symmetry but gravitational structure satisfies A2.

Remark 2.2 (corrected, v2). The correspondence is: A2 < existence of symmetry breaking (explicit
or spontaneous). CP violation is a contingent realisaton of A2 in our universe — the one that explains
why matter exists. But A2 does not require it. A universe without CP violation but with gravitational
instability satisfies A2 and could contain conforming receivers.

The parallel holds at the right level: without any symmetry breaking (a perfectly uniform universe with
maximum entropy everywhere), A2 is violated, C = 0, and no meaning is possible. The specific
mechanism of symmetry breaking is contingent; its existence is not.

2.3 A3 (Irreversibility) © Thermodynamic Arrow of Time

A3 states: states change in one direction — there is a time arrow. The physical counterpart is the



thermodynamic arrow of time (the second law of thermodynamics) — not fundamental T violation.

This distinction is important and was sharpened by both reviewers (Mistral and ChatGPT, June 2026). T
violation is a microscopic, fundamental asymmetry that has been observed only in specific particle
decays (kaons, B mesons). The thermodynamic arrow is macroscopic and emergent — it arises from
initial conditions (the low-entropy Big Bang), not from fundamental asymmetry in the laws of physics.

A3 in the AU is precisely analogous: it is emergent and optional. Without A3, the AU still holds for spatial
receivers (Beyer 2026i, Theorem 3). A3 is needed for temporal communication — receivers that process
signals as sequences in time. The thermodynamic arrow plays the same role in physics: it is not
fundamental (the basic equations are time-reversal symmetric) but it is necessary for the temporal
processes we observe.

Remark 2.3 (v2 — corrected mapping). The parallel is: A3 < thermodynamic arrow of time. Both
are: (1) optional — a universe without A3 can still have spatial receivers; a universe in maximum
entropy equilibrium has no thermodynamic arrow but may have reversible computation; (2) emergent
— A3 is an axiom that generates temporal structure; the thermodynamic arrow emerges from initial
conditions; (3) observed — in our universe, both hold. The correspondence is at the level of structure,
not derivation.

We explicitly reject the mapping A3 < T violation: T violation is a stronger, more specific claim that is
not required by A3 and would make the correspondence dependent on specific particle physics rather
than universal structure.

2.4 A4 (Unboundedness) < Dark Energy

A4 states: no system has a final inner boundary — the signal space is inexhaustible. The physical
counterpart is the positive cosmological constant A > 0, which drives accelerating cosmic expansion. A
universe with A = 0 in a closed geometry (Q > 1) would eventually recollapse — Big Crunch — violating
A4. As shown in Beyer 20261 (Corollary 1), A > 0 directly enlarges C*, the spectral complexity gap.

Under the strengthened axiom A4' (super-polynomial growth required), A > 0 becomes necessary. This is
the content of Conjecture C3 of Beyer 20261. The physical observation (Perlmutter et al. 1999) that A > 0
is thus consistent with — and possibly explained by — the requirement that the universe satisfy A4'.

3. The Anthropic Principle Reformulated

The traditional anthropic principle states: the universe has the properties it has because, if it did not, we
would not be here to observe it. This is often criticised as vacuous — it explains everything by assuming
the conclusion.

The AU offers a more structured formulation — not a proof, but a research programme:

Remark 3.1 (Non-uniqueness, v2). Each axiom corresponds to a class of physical constraints, not a
unique mapping. A2 maps to symmetry breaking — CP violation is one realisaton, gravitational
instability another. A3 maps to temporal ordering — thermodynamic arrow is one realisaton, T
violation would be another (stronger) choice. A4 maps to unboundedness — A > 0 is one realisaton,
open geometry without A is another (weaker). The table in §1 shows one natural realisaton per axiom;
it does not claim uniqueness.

Conjecture N1 (Communicability Principle — v2, revised). For temporal conforming
receivers (satisfying Al, A2, A3, A4): a universe can contain temporal conforming receivers if and
only if it satisfies A1-A4. For spatial conforming receivers (satisfying A1, A2, A4 but not A3): a
universe can contain spatial conforming receivers if and only if it satisfies A1, A2, A4. Falsification:
— Temporal receivers in a universe without A3 — falsifies N1 — Spatial receivers in a universe
without A2 or A4 - falsifies N1 — Receivers of any kind in a universe without A1 — impossible (Al is
precondition) Known limitation (ChatGPT review, June 2026): "Conforming receiver" must be
formally defined — a computational system with memory and inference capacity — for N1 to be a
scientific conjecture rather than a heuristic. Until then, N1 is a meta-theoretical heuristic, not a
proved theorem. The formalisation of the receiver class is an open problem (see §6). Status: META-
THEORETICAL HEURISTIC — not yet a scientific conjecture. Requires formal definition of
receiver class.

This reformulation is stronger than the traditional anthropic principle in two ways:

1. It is falsifiable. If a universe were found (or constructed theoretically) that violates one of A1-A4 but
still contains observers, the conjecture is false. The traditional anthropic principle is not falsifiable.

2. It explains why the physical constants have the values they do. The constants are not fine-tuned
for life — they are constrained by the requirement that the universe satisfy A1-A4. Any universe that



violates these axioms produces no observers, hence is not observed.

4. The Deepest Question

If Conjecture N1 is correct, it raises the deepest question in the series:

Open Question N1 (The fundamental question). Are the four AU axioms logically necessary — do
they follow from the very concept of "something exists and can be described" — or are they
contingent features of our universe that happen to enable communication?

Two positions:

Position A (Necessary): Any consistent formal system capable of self-description must satisfy Al-
A4. The axioms are not empirical but logical. Physics discovered them empirically because physics is
a self-describing system.

Position B (Contingent): The axioms are features of our universe. Other consistent universes exist
that violate one or more, but they contain no observers and hence are not described.

Position A would make the AU a branch of logic, not physics. Position B is the anthropic principle. The
two positions may be equivalent — or one may subsume the other.
Status: OPEN — the deepest open question in the series.

5. Connections to Existing Work

5.1 Tegmark's Mathematical Universe Hypothesis

Max Tegmark [5] proposes that all mathematically consistent structures exist, and observers find
themselves in structures complex enough to support them. The AU adds a specific criterion for "complex
enough": a structure must satisfy A1-A4. This is more precise than Tegmark's criterion and makes
predictions: universes with A = 0 (violating A4') produce no observers.

5.2 Wheeler's "It from Bit"

John Wheeler [6] proposed that physical reality is fundamentally informational — "it from bit." The AU
reverses this: not that physics reduces to information, but that the conditions for information (A1-A4)
constrain physics. The AU does not claim physics is information — it claims that any physical universe
capable of hosting information must satisfy specific structural conditions.

5.4 Constructor Theory and Quantum Reconstructions

David Deutsch's Constructor Theory [8] reformulates physics in terms of which tasks are possible. The
AU axioms A1-A4 are precisely what make communication a possible task: Al (distinguishable states),
A2 (non-uniform structure), A3 (temporal ordering), A4 (inexhaustible signal space). This parallel was
noted by Mistral (June 2026 review).

Hardy [9] and Chiribella et al. [10] have independently reconstructed quantum mechanics from
informational axioms — state distinguishability, composition rules, and reversibility. Their Al-analogue
(distinguishable states) is the closest existing formal parallel to Al of the AU. The AU does not derive
QM, but the shared starting point (distinguishable states as axiom) is not coincidental.

Remark 5.1 (What is novel, v2). The individual connections (Al < QM foundations, A2 < symmetry
breaking, A3 < entropy, A4 < A) each have precedents in the literature. What is genuinely uncommon
is: (1) packaging all four into a minimal axiom set derived from communication theory independently
of physics; (2) the observation that the same four conditions appear in both frameworks; (3) the use of
this parallel as a research programme for identifying which physical constants are "communicability-

necessary." The synthesis, not the components, is the contribution.

Roger Penrose [7] proposes that the universe cycles through aeons, with each ending in a conformally
equivalent Big Bang. In each aeon, the entropy increases and the thermodynamic arrow holds (A3). The
cosmological constant A drives the expansion (A4). Penrose's model, if correct, satisfies A1-A4 in each
aeon — consistent with Conjecture N1.

6. A New Research Direction

Conjecture N1 opens a new research direction: the classification of physical constants and symmetries
according to whether they are required by A1-A4, or are additional structure beyond the axioms.



Physical observation Required by Status
Quantum states exist (dim H = 2) Al Necessary
CP violation (matter # antimatter) A2 Necessary
Thermodynamic arrow A3 Necessary for temporal observers
A > 0 (dark energy) A4' Necessary under A4'

Three spatial dimensions
Fine structure constant a = 1/137
Proton/electron mass ratio

Number of generations of quarks

?

Not obviously required by A1-A4
Not obviously required
Not obviously required

Not obviously required

The AU predicts: the first four rows are not adjustable — any universe violating them contains no
observers. The remaining rows may be adjustable within the constraints of A1-A4. This generates
testable predictions about which physical constants are "anthropically necessary" and which are
contingent.

7. Author Contributions

K. Beyer identified the correspondence between the four AU axioms and the four foundational physical
observations during the research session of 3 June 2026 — an intuition that emerged from the
collaborative process itself. Claude formalised the correspondences, developed Conjecture N1, and
connected to existing work (Tegmark, Wheeler, Penrose). The observation that "no one has thought of
this before" cannot be verified — but the specific formalisation through the AU framework is new.
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v2: A2 corrected (symmetry breaking, not CP violation specifically) - A3 clarified (thermodynamic arrow, not T violation) - N1
demoted to meta-theoretical heuristic pending formal receiver definition - Constructor Theory + Hardy/Chiribella added.
Reviews: Mistral + ChatGPT (June 2026). The parallel is the observation. Why it exists is the open question.



