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Abstract

Modern physics faces a structural tension between quantum randomness and determinism. This work introduces the Equilibrium
Principle (EP), a fundamental framework establishing probability as the physical magnitude governing the universe's structural
stability. The constant Agss is the structural resistance factor that measures how much information the system can absorb before
collapsing or undergoing transformation. It acts as the universal homeostatic regulator where informational entropy (y) and
probabilistic intensity converge; within this state, space and time function as iterative variables of a system calculating its own
stability. It is demonstrated that every random physical phenomenon is governed by a convergence domain, that seeds a
probability field within the architecture of space-time, where randomness and causality are two sides of the same coin. All
natural probability is inherently self-regulated in an endogenous manner, manifesting as an equilibrium solution of its own field.
The Entanglement Theorem (PE) demonstrates this property for the Planck constant (h), the fine-structure constant («), and the
Hubble constant (Ho), establishing that these magnitudes are not arbitrary parameters but intrinsic equilibrium solutions where
the realization function (Fa) and the field's structural resistance (Fa") converge. By normalizing energy to a unit manifold, the
EP demonstrates that energy density is the physical manifestation of structural probability intensity, postulating Bounded
Occurrence as a universal constraint where no event with positive probability remains indefinitely unrealized. Within this
framework, a =~ 0.007297352569 is derived from the intersection of the informational limit y ~ 0.5772 and the continuous-
discrete structural approximation threshold at Zmax~ 117.97, identifying Oganesson (Z = 118) as the empirical limit of unstable
atomic organization. The theory identifies Plutonium (Z = 94) as the symmetry node coinciding with the final natural element.
Similarly, as=~0.1175 is obtained as a pure structural probability at the electroweak scale, defined by the ratio between saturation
energy and the gluonic manifold (n = 8). The Structural Consistency Criterion (SCC) demonstrates that gauge field unification
and the MSSM configuration are necessary consequences of probabilistic stability. The framework precludes the existence of
element Z =119, identifying it as a state beyond the system's derived structural stability limit. Accelerator synthesis is physically
impossible: the force-brute approach of high-energy collision inevitably dissipates into vacuum distortion before structural
stability can be achieved, marking the end of the technological collision paradigm. This theory demonstrates why the synthesis
of Z =119 is impossible; this element does not exist and, therefore, the burden of proof does not lie in demonstrating the non-
existence of the non-existent. Such responsibility belongs to the theoretical framework that argues for its possibility and to the
experimental praxis that must prove it with facts. The numerical equivalence between y and the time-dilation factor at a black
hole's photon sphere (1/4/3) unifies quantum equilibrium with general relativity. The observed vacuum energy density (p,~10"
°J/m3) is derived directly from the system’s unification cycle (ne/dc®), validating the model’s predictive power across
cosmological scales. The architecture of the cosmos—from galactic rotation curves to subatomic couplings—emerges naturally
from the physical conservation of probabilistic coherence. This work demonstrates that the Hubble Tension as a dynamic nodal
transition between the early symmetry equilibrium point (/4p/ = 0) and the structural equilibrium limit (fwp/ =y = 0.5772),
manifesting the evolutionary self-regulation of the universe: A = (Fa=os/F4-,) = 0.5/0.5772 = \3/2 = 0.8660. This framework
links the 10-%® m/s? background acceleration to the 70.43 km/s/Mpc Nodal Attractor, resolving the Hubble Tension through the
field's physical probability density.

Keywords: Probability as a physical magnitude; Entanglement Theorem; Probability equilibrium; Euler-Mascheroni constant;
Fine-structure constant; Hubble Tension
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1. Introduction

Since the dawn of quantum physics, with foundational work on the quantization of energy [1], science
has faced an inherent tension between the apparent randomness of nature and the determinism of its
fundamental laws. This debate intensified with the development of quantum mechanics by [2], [3],
and [4], who proposed that randomness is an intrinsic and irreducible feature of reality through the
Copenhagen Interpretation. Subsequently, the probabilistic interpretation of the wave function was
introduced, consolidating the role of chance within the quantum formalism [5]. On the opposite side,
[6] defended a predictable universe, and decades later, [7] demonstrated that no local hidden-variable
theory could reproduce all the predictions of quantum mechanics, deepening the conflict between
determinism and nonlocality.

This dichotomy leads to a paradoxical and even ridiculous scenario: while the trajectory of a javelin
is regarded as a legitimate domain of physics, the toss of a die is relegated to mere chance. It isignored
that, under controlled conditions, the die is pure mechanics, and that repeated javelin tosses at a target
merely draw a probabilistic distribution. Is probability, then, not a physical entity in its own right? Its
persistence as a dichotomy only betrays a structural disconnection in our understanding. Current
physics treats probability as an external tool rather than a structural component of reality. This
disconnection is so profound that, when nature presents us with a pure and fundamental probabilistic
value, the discipline ‘domesticates’ it by assigning arbitrary units of measure or misleading labels. We
call ‘coupling strength' what are, in essence, coupling probabilities. Could it be that we cloak the
stochastic nature of universal constants—such as Planck's constant (h)—under the guise of physical
dimensions, overlooking its potential role as the threshold frequency of a probability field?

We must ask if randomness is a lack of information or the manifestation of an underlying physical
equilibrium that exogenous statistics fails to capture. This work proposes that coupling constants are
not arbitrary, but emerge from the geometry of a probability field in structural equilibrium. Just as
chemistry recognized that nuclear magic numbers arise from nucleon structure, physics must see that
the 'magic numbers' of fundamental constants arise from the structure of probability fields.

Beyond philosophical debate, this dichotomy has persisted at the heart of physics, manifesting in the
nature of universal constants. The fine-structure constant («), in particular, has resisted any
compelling theoretical justification—Ileading [8] to describe it as one of the greatest mysteries in
physics. This work explores the hypothesis that («) can be deduced theoretically from a fundamental
probabilistic principle, in addition to being determined experimentally. Its value, which governs the
electromagnetic interaction, seems arbitrary, hinting at a deeper lack of understanding of the

principles shaping our universe.
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From a statistical perspective, [9] pioneered the connection between entropy and probability, laying
the groundwork for a statistical interpretation of physical disorder. Later, [10] information theory
established that uncertainty can be quantified, while [11] fractal geometry revealed underlying order
within seemingly chaotic phenomena.

It is intellectually short-sighted, if not stupid, to treat the Law of Large Numbers as a mathematical
abstraction, when in reality it is a physical law of self-regulation: to formulate it, mathematics is
forced to operate as physics, requiring the setup of an experimental scenario and the monitoring of its
relative frequencies. The mathematical formalism merely projects the shadow of this behavior. Is it
possible that randomness is not chaos, but a system governed by a convergence domain that 'seeds' a
probability field within space-time and dictates the stability of matter? As the transition from classical
physics to relativity and quantum mechanics demonstrated, when existing structures cease to be
compatible with one another, progress does not arise from technical patches, but from a more radical
conceptual reformulation of the fundamentals. In this context, the present work seeks to explore
whether, within the domain of probability, a hidden principle of certainty may exist within
randomness, and whether it is possible to construct a unified model providing an explanatory

framework for random phenomena in matter and energy, applicable to the various levels of physics.

2. Methodology

2.1 Probabilistic Entanglement Theorem (PE)

By definition, the Cumulative Distribution Function (CDF) converges to unity (1) as n — oo, which
mathematically guarantees the certainty of the event's occurrence in the asymptotic limit. However,
this convergence requires the theoretical possibility of an infinite number of failures (or cycles). To
avoid a deterministic field, the Probabilistic Entanglement (PE) motivates the exclusion of this
possibility at the phenomenological level, postulating the Bounded Occurrence of an event.

In this way, the elementary probability p (subjective and theoretical) is not an exogenous constant
imposed by the observer, but an endogenous property of the process. For example, the probability of
a comet's collision is not set by an external observer, but arises from the system's internal gravitational
dynamics. If p were fixed, the system would tolerate an asymmetric deviation without correction,
which would theoretically allow for the infinite non-occurrence of the event (infinite failure). Thus,
the physical system possesses a continuous self-regulation of the elementary probability p. This
probability is measured as the dynamic relative frequency (hi) calculated as the ratio of favorable
cases (fi) to possible cases (n). The dynamic relative frequency (hi) does not converge to an exogenous
theoretical probability (p), but rather to an endogenous empirical relative frequency (he) with
continuously decreasing variance, under the requirement of the Bounded Occurrence. Therefore, the
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PE postulates that probability is endogenous [12], and it arises as a consequence of the process
dynamics and manifests as hi, which acts as a mechanism of continuous stochastic feedback to correct

past deviation and force a return to equilibrium.

1) Statement: Consider a binary experiment consisting of discrete cycles, in each of which exactly
one of two mutually exclusive and exhaustive events, A and A’, occurs. We assume the minimal
empirical recurrence condition: both events eventually occur over the experimental sequence, so that
neither event goes extinct. This ensures that the waiting times associated with the events are finite
with probability one, and that the corresponding empirical cumulative distribution functions converge
to unity [13]. Let Na and Na  denote the numbers of cycles until the first occurrence of A and A’,
respectively, and let:
F,(n) = P(Ny < n) and Fy(n) = P(Ny < n)

be the empirical cumulative distribution functions, and we assume that:

F,(n)+F;y(n)=1VvneN
The dynamic relative frequency h; is defined as the proportion of occurrences of event i (where i €
{A, A'}) relative to the total number of observed cycles; in this way, the CDF is constructed from
cycle observations without assuming fixed exogenous probabilities.
Proposition: There exists at least one cycle m such that:

Fy(m) = F(m)

and the common value at the intersection is:

Fa(m) = Fp(m) = 1/2

corresponding to the median of the waiting times for both events.

ii) Derivation: Assuming a continuous extension of the cycle parameter n to identify the precise
equilibrium point m, consider the discrete function:
G(n) = F4(n) — Fy(n)
By construction, G(0) = -1 and lim, - . G(n) = 1, since both events occur with certainty in the long
run. The CDFs are piecewise increasing and reach 1 in the limit, which guarantees that G(n) attains
the value zero at some intermediate cycle. Since the CDFs increase in discrete steps and are
constructed from observed occurrences, equality cannot be attained exclusively in the asymptotic
limit unless the functions coincide identically. By a discrete argument analogous to the intermediate
value theorem, there necessarily exists a cycle m such that:
G(m) = Fy(m) — F;,(m) = 0 = Fy(m) = Fy(m)

Evaluating the total cumulative function at m, we obtain:
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Fapar (m) = F4(m) + F4(m) = 2F,(m)
At the cycle m where the cumulative functions coincide, their common value corresponds to the
median of the waiting-time distributions. By definition of the median, this value satisfies:
Fy(m) = Fy(m) = 1/2 1)
This value coincides with the median of the waiting times of each event, defined as the cycle where

half of the accumulated realizations have occurred.

iii) Mathematical Definition of the PE Functions: We define the endogenous frequency he as the
limit of the dynamic relative frequency hi (n) over the interaction cycles:
h, = lim h;(n)
n—-oo
In the equilibrium regime, where h;j (n)—he, the complementary cumulative distribution functions of
the entangled probability admit an effective geometric form:

F,M)=1—- (1 —h)" and Fy(n) = (1 —h)" )
Where:
Fa(n): Cumulative Saturation Function, representing the total accumulated probability after n cycles.
Fa(n): Inertia or Non-Occurrence Function, representing the probability of the system remaining in its base state.
he: The stable endogenous probability emerging from the system dynamics (e.g., dimensionless normalized h, «, as).
n: Number of discrete interaction cycles or degrees of freedom.

iv) Definition of the Fundamental Cycle Index: We define the integer n € N as the fundamental
cycle index, representing the number of discrete updates of the Probability Field required for a
realization event. The quantity n is dimensionless, endogenous to the physical phenomenon, scale-
invariant, and universal. Physical scales (electromagnetic, nuclear, atomic, gravitational) do not

modify n, but only determine how n is projected into measurable observables.

V) Physical Projection Principle: At each physical scale, the fundamental cycle index n is mapped
to an observable quantity through a scale-dependent projection operator Ps:

ng =P,
where S € {EM, atomic, nuclear, gravitational}. This projection preserves the ordering and

discreteness of n, while assigning physical meaning appropriate to the interaction domain.

vi) Mean Delay Cycle Axiom: The physical intensity of any interaction is not an abstract statistical
probability, but the inverse of its Mean Delay Cycle (p = 1/n). Under this approach, probability is
redefined as a physical realization frequency.
- In Macroscopic systems: Inadie roll, if a success has an average delay of n = 6 cycles, its probability
is 1:6 (one success every six rolls).
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- In Quantum Systems: If the probability of success for a photon is h = 6.626 x 10, its Mean Delay
Cycleisn = 1:h =~ 150917 x 10%. This means the universe performs that exact number of attempts
to achieve a single success (one photon). The delay is the physical cost of realization.

- In Electromagnetic Coupling: If the probabilistic value of coupling a electron is a = 0.00729, it
indicates that its delay or average coupling cycle is 1:137.036 cycles.

- In Strong Coupling: If the value as~ 0.1175 indicates the probability that a quark emits or absorbs
a gluon, this means that its delay or average cycle is only 1:8.51 cycles.

- In Universal Constants (c and G): The numerical values of the speed of light and the gravitational
constant are interpreted as the vacuum's success rate for propagation and attraction, respectively.
Probability Field Realization (table 1).

Table 1. Probability Field Realization and Existence Cost.

n (Realization | Mean Delay N .
Event p (Probability) Physical Expected Value
Cost) Cycle
Die 6 1:6 1/6 ~0.166 | Success after 6 macroscopic attempts/throws
Success of strong coupling after 8.51 interaction cycles
Gluon 8.51 1:8.51 as~0.1175
(Quarks)
Success of electron-nucleus coupling after 137.036 EM
Electron 137.036 1:137.036 a~0.00729
cycles
. Success of photon detection after 299,792,458 attempts in
Light (vacuum) 299,792,458 1:299,792,458 1/c~3.335 x 10°
1mand 1s
Vacuum 1,428,571,428 1:1.42 x 10° pa=Tx10"0 | Success of energy density manifestation after 1,428,571,428
Energy cycles (J/m®)
. Success of gravitational interaction after 14,982,846,141
Gravity 14,982,846,141 | 1:14,982,846,141 G~6.674x 10" .
attempts per unit mass (kg)
Success of detecting a photon after 1.50917 x 10% attempts
Photon (h) 1.50917 x 10% | 1:1.50917 x 10% h = 6.626 x 10" .
in 299,792,458 m
Oscillatory _ Angular progression of cyclical interactions. Uses = to map discrete cycles to
ng = 2n-k 1/ng -
Phase rotational phase
Wave o Average projection of discrete cycles into continuous wave, & used as scaling discrete
- ni=z-n 1/nA .
Projection — continuous

[Note: (n) represents a statistical expected value (mathematical expectation) rather than a chronometric duration]

As a consequence of the law of large numbers, the physical system continuously self-regulates the
elementary probability p. This allows us to understand reality through two new fundamental concepts:
- Time as a "Waiting Cost": Time is not an empty dimension where things happen without cause.
Time is the accumulation of failed attempts before a "success™ (a physical interaction) occurs. What
we traditionally call "force" is, in reality, the speed at which the universe manages to manifest an
event.

- The Realization Cost (n): Every event has a price. For a Gluon to act, the universe only needs to
"attempt” it 8.5 times. It is a cheap and frequent event. However, for Gravity to act, the universe must
attempt a success nearly 15 billion times (n = 1.49 x 10%°).
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As we move down the table, probability decreases and the number of attempts (n) skyrockets. Gravity
and the Photon are the most difficult products of the vacuum. They require a monumental amount of
"work" or "waiting." In this universal economy, gravity appears weak simply because it is extremely

improbable; it is an interaction that occurs in small trickles compared to the atomic force.

2.2 Consequences of the Probabilistic Entanglement Theorem (PE)

The PE acts as a Law of Conservation of Possibility, where total certainty is a physical magnitude
that is conserved and distributed, analogous to the conservation of energy. Since Cumulative
Distribution Functions (CDFs) are constructed from relative frequencies, it is not necessary to assume
predefined probabilities or an external equilibrium. The coincidence of the CDFs at % reflects that
the events are complementary and exhaustive, and that the sum of their CDFs is bounded by 1 [13].
The accumulation of probability for one event implies the de-accumulation of its complement and
vice versa, establishing a structural entanglement. Relative frequencies may vary due to randomness,
but the intersection of the CDFs as a mathematical property is maintained, providing an analogy with
the uncertainty principle [14] and the complementarity principle [15]. If the observer studies the
random variable of an event (A), they necessarily possess complementary information about the
complement event (A"), revealing that uncertainty is inherently bilateral. Regardless of whether one
of the events holds infinitesimal probabilities over its complement, probabilistic entanglement

ensures that, in the limit, total certainty is distributed equitably such that F(a) = %2 = F(a').

2.2.1 Hypothesis of Self-Regulation and Universality of the Probability Field

Under the premise that the Law of Large Numbers possesses the ontological status of an underlying
physical law, it constitutes a profound intellectual myopia to relegate its validity exclusively to the
macroscopic and trivial randomness of dice and coins. Dice do not invent probability; they merely
project onto our scale a self-regulation mechanism that is intrinsic to the fabric of the universe.

Under the formalism of the Probabilistic Entanglement (PE) framework expounded herein, it is
postulated as a central hypothesis that this dynamic of bilateral convergence and continuous stochastic
feedback is not an exogenous mathematical abstraction, but a fundamental physical law operating
within the microcosm. This law governs, in an endogenous and mechanical manner, the couplings
and stability of nuclear and atomic structures, thereby dictating the very nature of interactions

between protons and neutrons.
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2.2.2 Principle of Dual Convergence and Cumulative Equilibrium

Let (Q, %, P) be a probability space representing a binary stochastic process composed of discrete interaction cycles n
€ N. Consider two mutually exclusive and exhaustive events, A and A', suchthat AN A'=@ and AU A" = Q. We

define the dynamic relative frequencies ha(n) and ha:(n) after n discrete cycles as:

ha(n) = 22 pm) = 140

Where fA(n) and fA' (n) denote the respective counting operators of realizations. By definition of the sample space
rigidity, the conservation of empirical probability holds strictly for any finite n:
ham)+ hy (n) =1, VneN
Under the strong Law of Large Numbers, the empirical dynamic frequencies converge asymptotically to stable non-
zero values. The Principle of Dual Convergence dictates that this asymptotic limit is an intrinsically coupled, bilateral
boundary condition:
rlll—":zlo hy(n) = h, © rlll_mo hy(n) = 1— h,
Where he € (0,1) represents the stable endogenous equilibrium frequency of the probability field. By virtue of this
open interval, both complementary frequencies are strictly non-vanishing (he > 0 and 1 - he > 0), ensuring the dynamic,
non-deterministic nature of the binary stochastic system.
Let Na and Na be the discrete random variables representing the waiting times (measured in interaction cycles) until
the first occurrence of events A and 4’, respectively. We define the empirical Cumulative Distribution Functions
(CDFs) as:
F,(n) = P(N, < n) , F,y(m) = P(Ny < n)
Subject to the structural entanglement axiom of the field, the total cumulative certainty across all interaction cycles
satisfies the invariant boundary condition:
F,(n)+ Fy(n) = 1, VneN
Given that FA(n) and FA'(n) are monotonic, non-decreasing step functions bounded in the compact domain [0,1], we
define the discrete difference operator G(n) = FA(n) - FA'(n). By construction:
G(1) = F,(1) = F,(1)
and asymptotically: rllll’(r)lo Gn)=1-0=1

By application of the intermediate value theorem mapped to the extended continuous domain of interaction cycles,
there exists at least one precise critical equilibrium cycle m € R* such that G(m) = 0, leading to the nodal intersection:
Fy(m) = F4(m)

Substituting the complementarity condition yields the exact, scale-invariant quantization of cumulative equilibrium:
F,(m)+ F,(m)=1 = 2F,(m)=1 = F,(m)=1/2

“The Law of Large Numbers is not a mere mathematical abstraction, but a physical law of structural self-regulation whose
shadow formal mathematics merely projects. Relegating this principle to pure statistics betrays a double intellectual myopia:
first, by analyzing stochastic convergence unilaterally, completely ignoring that every quantum realization is intrinsically
bilateral and bound to its complementary environment within the rigid boundary of Q = 1; and second, by isolating individual
events from their coupled nature. Consequently, it is epistemologically untenable to operate under a paradigm that blinds
contemporary physics, ignoring the simultaneous and necessary convergence of the complementary state required to preserve

the sample space”
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2.2.3 Principle of Equilibrium in the Conservation of Probability and Energy
In a unitary system, any local variation (4) triggers an exact compensation within the rest of the

environment to maintain a constant inventory. This principle is governed by two fundamental pillars:

1) Axiom of Conservation of Probability: The sum of all possible probabilities within a sample
space must always equal unity. Any increase in the probability of one event necessitates a
proportional decrease in the others.

2P, =1= APyginea + APiost = 0
i) Axiom of Conservation of Energy: The total energy of an isolated system remains constant over
time; it is neither created nor destroyed, only transformed or redistributed.

2E =1= AEgginea + AEjpst =0

2.2.4 Symmetry Corollary and the Dynamics of Redistribution: Under these mirror equations, an
inescapable mathematical reality is established:

- Flow and Displacement: If a specific point in the system records a "gain," it is not through
spontaneous generation, but because the system has redistributed its probability density
toward that specific node.

- Fixed Anchors: Unity (@ = 1) and Total Energy (E = const.) act as critical anchors that prevent
the system from collapsing or overflowing.

- Mathematical Necessity: Every individual gain is, by mathematical necessity, a shared loss.
Equilibrium is not merely an option, but the required condition for the system’s existence.

- The conservation of energy is the physical manifestation of the rigidity of the sample space.
In a universe where P(A) + P(A") = 1, energy cannot "disappear”; it can only shift from the
observed event (A) toward its complementary environment (A"). This ensures that the total

cost of existence (n) remains always finite and conserved.

2.3 Validation of the PE in Discrete Random Variables
The PE is validated for discrete binomial variables. Define X ~B (n, ;) and Y ~ B (n, 1—h;), where
h; represents the dynamic relative frequency. The cumulative distribution functions (CDF) for a series

of trials are expressed through the following summations:

k

R =) () @)1=

J=0
The symmetry of complementary binomial distributions implies that their cumulative distribution

functions intersect at a median point. At this intersection, the cumulative probability assumes the

9
TRAVERSA, 1. [2025]. PROBABILITY FIELD THEORY. Structural Unification: Derivation of Planck Constant (h), Fine-Structure Constant (a),
Strong Coupling Constant (o), and Hubble Tension (H,) via y and Agggs. v 81. 73 p. Zenodo. https://doi.org/10.5281/zenodo.17425185



https://doi.org/%20%20%20%20%2010.5281/zenodo.18764403
https://doi.org/%20%20%20%20%2010.5281/zenodo.18764403

value one half, independently of the specific value of the dynamic relative frequency #; € (0,1). Thus,
the condition identifies the median of the complementary cumulative distributions.

Fx(k) = Fy (k)
This result does not require /; = %%, nor does it imply equal relative frequencies; it follows solely from

the complementary structure of the binomial process.

2.4 Consistency of the PE in Continuous Variables

In the continuous domain, the PE is validated by reinterpreting the result of the Central Limit Theorem
(CLT). The CLT describes the convergence of the dynamic relative frequency (4;) to its limit value,
the endogenous empirical frequency (he), under the requirement of the Bounded Occurrence. When
the number of trials is large, the dynamic relative frequency h; forces the system toward its state of

maximum equilibrium (he = %2). The standardized normal variable Zy is distributed as:
hi - he

L) = e

he (1 - he)/n

As n — oo, the variable Z, tends to zero, which is its expected value. The cumulative probability of

~N(0,1)

Z, at this point is %2 due to the symmetry of the normal distribution:

1

0
F(Zy <0)= j_ f(2)dz = 5

Similarly, for the complementary variable Zy:
oo AZh) - —-he) he — h; _ g
O Ve G=hd/n (e G—hdm

Therefore, Zy is also standard normal, and by symmetry:

°° 1
F(Zyy <0) = F(Z, 2 0) = jo f2)dz =3

2.5 Probability Potential fwp/
The probability potential /yp/is defined as the absolute difference between the cumulative probability
functions of both events, Fa(n) and Fa'(n). Given the entanglement postulate Fa(n) = 1- Fa(n), the
potential in the fundamental cycle (n = 1) is expressed as:
| Yp 1= 1 Fys(n) — Fy(n) 1=12 - Fy(n) — 1|
For n=1:
| Yp |=12h, — 1|
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2.5.1 Case fyp/=0. Symmetry Equilibrium Point: Median Delay Cycle

The probability potential is zero when the cumulative probability functions of the complementary
events are equal, Fa(n) = Fa‘(n). Since, in the entangled distribution framework, their sum is Fa(n) +
Fa(n) = 1, it follows that each must equal %.

The symmetry equilibrium point (Asp/ = 0) represents the central equilibrium of the system—its
probabilistic symmetry—which occurs at the median delay of event A, where 50% of the success
possibilities are accumulated.

2.5.2 Case fyp/ = 1/3. Potential Equilibrium Point: Mean Delay Cycle
The PE postulates that the Potential Equilibrium Point occurs under the fundamental condition in
which the probability potential equals the improbability of the complementary event:
| Yp |= Fyp-(n)
Since Fa(n) + Fa (n) = 1, this condition necessarily implies the following relationship between
accumulated probabilities:
Fy(n) = Fy(n) — Fy(n) = F4(n) = 2 - Fy(n)

Solving the system to maintain unity, the accumulated probabilities are:

1 2
Fy(m)=5 = F(n) = 5
Therefore, the potential at this point is Ayp/ =1/3. This point represents the mean delay of event A,

where Fa(n) = 2/3, accumulating exactly 66.67% of the success possibilities.

2.5.3 Case fwp/=y. Structural Equilibrium Point: Stability-Limit Delay Cycle

In case 2.5.1, Fa(n) = Fa'(n), both functions are equal to each other and equal to %2, as demonstrated
in the PE. It is then assumed that the cumulative probability of event A after n cycles is modulated as
he", and that of its complement is modulated as 1 - he". Therefore, since the sum of both functions is

1, the equality that establishes the symmetry point is:

he" =1— h"
1=2h"=1/2= h,"
1, =
he=()™ (3)

In a geometric distribution, where an event occurs with probability 4; in each trial, the probability
that the first success occurs on the nt” cycle is:

PIN=n]= (1—h,)" - h,
The expected value (mean) of N is:
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[ee]

1
E[N]=Zn : (1_he)n_1' he=h_

n=1

Therefore:

Where n = E[N] represents the mean number of cycles required for the manifestation of the event A.
Consequently, equation (3) becomes:

he= ()" (4)

1) Asymptotic Genesis of the Euler—Mascheroni Limit (y) from Endogenous Self-Regulation: In
the previous sections, the probability potential was defined as the absolute difference between the
cumulative distribution functions (CDFs) of complementary events:

[ Yp(n) | =1 Fy(n) — Fp(n) |
Under the entanglement postulate:

Fan)=1- @0 —h)", Fp(m) = (1 —h)"

so that:

[Yypm) =1 1— 2(1 — h)" |
This measures the discrete accumulation excess relative to the symmetric equilibrium point (1/2). To

ensure a nontrivial structural limit, the accumulated potential must grow sublinearly:

D 1wp | ~ in(w) + ¢
k=1
with C a finite constant. For this, the potential must satisfy asymptotically:

o) I~
n
For large n, the boundary conditions of the entangled field dictate that the system operates near the
symmetric equilibrium phase. Expanding the potential yields:
[Yp(n) | =~ |1 —2e e |
To satisfy the critical sublinear scaling condition Ayp(n)/ ~ 1/n, the endogenous probability he cannot
remain statically coupled to the scaling hen = In2. Instead, it must dynamically self-regulate to include
a first-order perturbative correction:
In2

2ehe ~ 1—%=>he(n) ~—+ %
Under this dynamic scaling, the discrete summation of the field potential accurately matches the

harmonic expansion:

1
g1 = ) =+ y+o)
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Thus, y is not introduced by hand, but emerges naturally from the discrete process, accumulation, and
endogenous self-regulation of the elementary probability. It represents the structural residue between

discrete realizations and the continuous logarithmic limit.

ii) Deduction of y via Numerical Solution: This expression shows the self-regulation of he, where
he is a function of itself and reflects the continuous equilibrium maintained by the PE. Given Fa(n) =
1 — (1-he)" and, according to the PE, Fa(n) + Fa'(n) = 1, then:
1 -1 - h)"+ Eg(n) =1
FFn)=1 -1+ — h)"
Fy(m) = (1 = h)"
Therefore, in case 2.5.2, if the probability potential Ayp/is equal to the improbability Fa-(n), and if in
this case the probability potential Ayp/= Fa(n) - Fa'(n), it is possible to state:
Fa(n) — Fy(n) = Fy(n)
Substituting:
1 -0 —=h)"=A = h)" =1 = h)"
1 =31 — h)"
1/3 =1 — h)"= 1-—h, = (1/3)/"
1—he = (1/3)" (5)
By the total probability axiom he + (1- he) = 1, and equating the boundary structures of equations (4)
and (5), total certainty (1) is conserved and distributed as a sum of powers of the two fundamental
equilibrium states of the PE (1/2 and 1/3), connected through the universal exponent he:
1= ()" Q)" ©)
By taking equation 5, total certainty (1) is conserved and distributed as a sum of powers of the two

fundamental equilibrium states of the PE (1/2 and 1/3), connected through a universal exponent he:

=)+ ()

The numerical solution to this nonlinear equation is he” ~ 0.7886. Substituting this critical value into

he*

the potential expression for the fundamental cycle (n = 1):
fwph=1=/2h,"—1/
gives the value that governs the maximum tolerable imbalance:
hwph=1=12(0.7886) —1 |=0.5772 = y
The numerical convergence of the Power Equilibrium Axiom implies that the potential /yp/ reaches

this same universal limit.
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iii) Deduction of y via Structural Isomorphism: Convergence to the Euler—Mascheroni constant (y
~ (.5772) occurs at the limit where the system maintains equilibrium under the condition of maximum
tolerable imbalance. This stability threshold emerges internally from the interlaced structure of the
cumulative distribution functions (CDFs) of the PE. Hence, there exists a unique critical probability
value he*€(0,1), such that the difference between the cumulative sum of the Basic Potential /yp/*(k)
and the natural logarithm of the number of cycles In(n) converges, in the asymptotic limit, to the

Euler—Mascheroni constant (y):

n
y = lim (Z | Fok — Fyk | —1nn>
n—-oo
k=1

n
y = lim (Z | (1= h,)*—=(h,)k | —1nn>
n—oo
k=1

For the series > fyp/+(k) to grow asymptotically like the harmonic series (3.1/k), the system’s initial
imbalance must match the structural imbalance defined by y. Thus, convergence to y arises as a
structural consequence of the summed differences between the entangled cumulative probability
functions of the PE, linking the inherent probability he* to the constant y itself. The previous
derivation establishes a Limit Isomorphism that formally validates the numerical equivalence
between the potential Ayp/and y.
Potential as Accumulation Excess (/yp/): The potential measures the accumulated difference between
the CDFs:

| Yp(k) | = | Fa(k) = Fy(k) 1 =1 (1 = he)¥ = k" |
Structural Equivalence via he*: The limiting value of this process is analogous to the classical
definition of y. The theorem’s expression shows that the discrete accumulation excess between Fa(n)
and Fa(n) (governed by he*) reproduces the same limit structure (y) as the harmonic—logarithmic
difference:

lim | Yp* (1) lewmutative— In () = lim (H, —In () =y
Since both processes express the quantification of the excess between discrete and continuous

accumulation. The y is the structural limit, essential for deducing the coupling constant a, which is a

pure probability.

2.5.4 Case fyp/ =1 - 1/e. Exponential Saturation Limit: Maximum Delay Cycle
The Cumulative Distribution Function (CDF) of the PE, Fa(n) = 1 - (1 - he)", reveals an upper
theoretical limit that represents the absolute saturation of the probabilistic potential, independent of

the probability he or the (y) constant. This Saturation Limit is reached when n = 1/he, compensating
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the probability he with the number of cycles. This aligns the system with the Poisson distribution,

where the probability of zero events is e™X. The condition for Exponential Saturation is:

lasn— o

Fymy—» 1 — e”

Saturation Limit = 1—- ~ 0.6321
This value is fundamental because it defines the Absolute Maximum Accumulation Potential that the
system can achieve. The / — /e limit is the maximum theoretical saturation, essential for deducing

the coupling constant oy, which is a pure probability.

2.6 The Structural Tension Gradient: Ideal Geometry vs. Probabilistic Realization

The architecture of the universe is not a static equation but a process of constant updating, operating
within the tension between the pure form of space and the saturation of information. To understand
the stability of the field, it is imperative to define the duality between the efficiency of the container

and the logistical cost of the content.

i) The Geometric Intention Limit (Ag): Spacetime, in its state of minimum energy and maximum
symmetry, tends toward the perfection of hexagonal close-packing of spheres. This limit, which
governs General Relativity in contexts such as the photon sphere (1/v3), is defined as:

V3
A = — ~ 0866

Within the framework of PFT, this value is not a mere geometric datum but emerges from the Ratio

of Stability: the relationship between symmetric equilibrium (0.5) and the universal stability residue

):

_ IYplg _ FA=05 _ 05 __ 05

G 7 yply FA=y v 05772

~ 0.866

This convergence identifies 0.866 as the Geometric Intention Constant: the point where the spatial

"container” reaches its maximum theoretical efficiency.

i) The Probabilistic Realization Limit (Aoss): Counterposed to the geometric intention, the
probability field imposes a saturation limit based on the logistical cost of updating information. As
derived from the Stability Postulate, the Realization Constant (Ao.ss) marks the threshold where the
system exhausts its degrees of freedom:

A~—In (1-y)~—In (1-0.5772) ~ 0.8609
While 0.8660 represents where space "would seek” to be, 0.8609 is where matter "is permitted” to
be.
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iii) The Continuous Collector Limit (Geometric Space): When the field projects its informational
capacity onto the continuous curvature of spacetime, the system operates as a perfect geometric
collector. Utilizing the precise realization constant A ~ 0.8609 and the structural relation 1- y = e,
the continuous attenuation or survival probability of the field state within a circular phase space is

governed by:
AZ

A
(1 —-y)r=e = = 0.789524

Here, 7 represents the perfect geometric curvature required for the field to loop over itself, ensuring
that the total accumulated probability conserves unity (Fa = 1). If the vacuum behaved as a perfectly

smooth, frictionless continuous fluid, the field would freeze exactly at this threshold (0.789524).

iv) The Discrete Step Limit (Quantum Balance): Conversely, when the system is evaluated strictly
from the perspective of its primary, non-continuous harmonic channels, it obeys the rigid, discrete
divisions of the Power Equilibrium Axiom (PE) driven by the prime states (1/2 and 1/3) as established
in Equation (6):

1 = (1)*‘8* + (l)he* = h," ~ 0.787886

This discrete configuration represents the fundamental quantum restrictions of the field, operating

independently of continuous circular geometry.

V) The y the Structural Phase Transition Bridge: The subtle numerical divergence between the
continuous collector (0.789524) and the discrete quantum balance (0.787886) is not a calculation
error, but the exact measure of the system's intrinsic roughness. Because the Euler—Mascheroni
constant (y) is analytically defined as the foundational residue between discrete sums (harmonic
series) and continuous areas (the logarithm), it acts as the physical "friction™ or "toll" paid by the

universe to transition from a world of rigid discrete steps to a world of smooth geometric curves.

vi) Absolute Analytical Unification via Jensen’s Integral: To formally prove that this
correspondence is an exact analytical law rather than a numerical coincidence, the three core constants
of PFT—the information constant (A), the continuous curvature (x), and the discrete-continuous
residue (y)—are bound together into a single, closed-form structure without infinite products through

the application of the Jensen Integral:
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“In(1 + x? 1—e* 1
fudx= 4 n(VZR)

e2mx — 1 2

Substituting 1 - e™ back into its fundamental definition (y), the equation demonstrates a perfect
analytical symmetry: the circular curvature of the space-time continuum (z) in the denominator of the
integrand precisely balances the field's endogenous information limit (A) on the right-hand side. This
equation constitutes the definitive bridge of the theory, mapping how material spacetime emerges
from the self-regulation of underlying probability potentials. In summary, this analytical convergence
demonstrates that the geometry of the universe is not a static stage. The continuous circle () emerges
as the necessary spatial closure to conserve unity, forcing the discrete quantum cycles to loop over
themselves. Through this balance, PFT maps the mathematical bridge linking foundational
information thresholds directly to measurable physical reality.

2.7. Methodological Foundation: Empirical Anchoring and Endogenous Emergence

No real physical theory is born from "pure mathematics" without some form of empirical anchoring.
To establish the structural unification of physics under Probability Field Theory (PFT), it is
imperative to take a minimal physical datum, introduce it as a boundary condition or scale, and
explore whether the rest of the architecture emerges as a self-consistent and self-regulated structure
of the probability field.

Under this paradigm, the constants reported by CODATA (such as Planck’s constant h or the fine-
structure constant a) are not treated as exogenous inputs or arbitrary assumptions. Instead, they are
proposed as unique equilibrium solution compatible with the independently derived saturation
threshold of the field. This process may provide empirical support for the Entanglement Theorem

(PE) through three fundamental pillars:

1) The Scaling Principle and Boundary Conditions: The theory recognizes that while the certainty
of form is an intrinsic property of the field, the scale of manifestation requires an empirical reference
for the observer. By introducing a CODATA precision value a posteriori, the hidden nodal
architecture of the vacuum may be revealed, allowing evaluation of whether the system’s cycle limit

aligns with the Universal Attractor Ao ge.

i) Ontological Inversion: Probability as a Consequence: A critical distinction is established

between two scenarios:

- Exogenous Scenario: Where probability is assumed to be constant and imposed by the observer

(e.g., p = 1/6), which constitutes an artificial imposition foreign to the process dynamics.
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- Endogenous (Objective) Scenario: Where the physical system adopts the dynamic relative frequency
(hi) as its probability. Here, probability is a consequence of the process and not its prerequisite,

allowing the system to self-adjust in real-time toward its equilibrium.

iii) The Nodal Point and Zero-Potential Symmetry: Empirical validation focuses on identifying
the cut-off point or symmetry node. At this node, which coincides with the Median of the cycle, the
occurrence (Fa) and non-occurrence (Fa’) functions converge to the value of 1/2, where the
probability potential /yp/ reaches zero. This nodal equilibrium suggests that physical constants may
correspond to the frequencies necessary to satisfy the structural stability of the field, anchored by the
Euler-Mascheroni constant (y) and the information limit Ao ss.
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3. Results and Discussion
Although the physical interpretation of n differs across domains, its mathematical role remains
invariant. Apparent changes in meaning arise from the scale-dependent projection of the same
underlying discrete process, not from redefinition of the variable. Throughout this work, the integer
n is never redefined. Apparent changes in meaning arise exclusively from the projection of the same

underlying probabilistic update count onto different physical domains.

3.1 Probabilistic Unification and Deduction of the Information Constant Aogs

Before analyzing specific physical systems, we establish the mathematical origin of the Information
Constant (Aogs). In the framework of the Principle of Entanglement (PE), A is the unique logarithmic
ratio that connects the threshold of structural stability (y) (Section 2.5.3) with the state of absolute
saturation (1 - 1/e) (Section 2.5.4):

_n(-y) _
A= e 0.8609 (7)

This relationship is governed by the following fundamental identity:

This identity proves that A is an endogenous property of any self-regulating stochastic process.
Consequently, its appearance in the following sections is not a coincidence, but a physical validation

of this geometric law.

i) From the Stability Limit (y): The system reaches its critical condition when (/yp/= 7). This can

also be expressed as a cumulative exponential:
[Ypl=1- el

Equating both expressions:

y=1—e " = h, =—In(1-y)

Where hec corresponds to the maximum stable disequilibrium critical relative frequency. The factor
A is then:
A~ —In (1-0.5772) = 0.8609
Following Shannon [10], this represents the self-information (or “surprise”) of the non-equilibrium
event /— y ~0.4223, calculated as minus the natural logarithm of the event probability, 1(x) = - In(x).
The stability exponent:
19
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E,=—In(1-y)

ii) From the Absolute Saturation Limit (I — 1/e): Using the PE CDF Fa(n) =1 - (1 - he)", absolute
saturation occurs when:
Fany=1—e1= (1—h)e~ e!
Taking logarithms and applying In (1—h,) = — he for he <« 1:
neh, 1= E, =1
Where E. = 1 represents the Saturation Exponent (or Fundamental Information Unit). The constant

A is then defined as the ratio between the stability and saturation exponents. The constant A is then:

A=5_-2m0a _ 18609 (8)
E. 1

This formulation preserves the purity of the CDF structure and formalizes the relationship between
the exponents in a rigorous and compact way. In the results section, it will be shown that the
unification factor derived from the PE (Aoss), the Euler—Mascheroni constant (y = 0.5772), and 1-1/e
~ 0.6321 manifest across the three physical levels. These constants reflect the intrinsic probabilistic

structure unifying atomic, quantum, nuclear, and relativistic phenomena (Table 2).

Table 2. Convergence of constants y, A and 1-1/e across different levels of Physics.

Physical Level Main Variable Relation to PE Value Convergence
o Value of F, passes through universal equilibrium points: 1/3, 1/2, 2/3, y and
Kinetic N: Number of cycles  Fa = I—(1—he)"
1-1/e.
N:Number of . .
Quantum N=¢e" Process of photon accumulation (N) is governed by (y).
photons
60 60
Nuclear Na and *Co e 1 . N i
(Gamma Cascade) Energy distribution E. /2 = Y (Equilibrium) and E; /E, = A (Information).
. . Z,: Coupling Coupling probability Z, converges to A in Og (Z = 117.97), indicating the
Atomic Z: Atomic number . . o .
probability limit of probabilistic stability, and 1-1/e.
L ) . L, :Gravitational limit  Limiting bound (y) governs black hole geometry, and A determines its non-
Relativistic r: Orbital radius o
o« 1/y) equilibrium threshold.
pa: Saturation . Vacuum energy is the structural requirement to maintain the metric,
Vacuum Energy . System Inertia (FA")
Density anchored to the fy,/=1/3
. ) Operational The tension emerges as the ratio between symmetry (1/2) and stability (y)
Cosmological Ho: Hubble Tension .
Bandwidth nodes: Acac = 0.866.

3.2 Cycle at the Kinetic Level

3.2.1 Convergences of CDFs in Exogenous Scenario: Constant p

The Cumulative Distribution Function Fa(n) describes the conventional mathematical trajectory
under a purist condition of a constant elementary probability (p). The scenario assumes that the
elementary probability p is fixed (in the example, p = 1/6 is inferred from the 5/6 value in the 1-p

formula). This is a forced case that preserves the theoretical possibility that (subjective) the
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elementary probability p is an exogenous constant imposed by the observer, rather than an
endogenous property of the process. The nodal architecture responds to Section 2.5.1 and 2.5.2, where
the probability potential is 0 where Fa = Fa' and 1/3 at the Fa' intersection, where Fa = 2/3. This leads
to a state of non-bounded occurrence (infinite failure for event A and eternal success for A'), a
structural property directly contradicted by the PE's postulate of Bounded Occurrence. In short, this
is the form of conventional mathematics, but it is an artificial imposition foreign to the process

dynamics (Table 3, Figure 1).

Table 3. Syntax for: Fa, Fa and /yp/. (Row 10).

A
10 =1-POWER(5/6,A10) =1-B10 =A10-B10
Probability
lmF(A) = lim(1- (1-p)") =1 0,9
—F@) —FA4) — % ’
0,8
0,7
0,6
F(4) = 12 = F(4) -~ b 0,5
| 0,4
[|Pp=FA) =23
"""""""""""" 0.3
Il I R N I 0’2
0,1
|¥pl=0 0
0 5 10 15 20 25 30 35 40 45 50
Number of trials (n) Improbability

Figure 1. Convergence of the Cumulative Distribution Functions Fa (50 cycles).

3.2.2 Convergences of CDFs in Endogenous Scenario: Variable Probability hi.

The roll of a die is a discrete and random physical process, not merely a mathematical exercise. The
empirical validation of the PE Model is conducted through a discrete random system, which verifies
the convergence of the cumulative distribution function of event A, Fa(n), towards the postulated
theoretical limits. This experiment utilizes between 2,000 and 10,000 cycles and a simple binomial
process, designating success (A) by obtaining the value 3 from a random number between 1 and 6.
These are non-forced cases of an objective endogenous nature, without observer intervention. The
self-regulated physical system adopts the dynamic relative frequency (hi) as its probability, calculated
as the ratio of favorable cases to possible cases. Under the PE, the observed relative frequency (hi)

dictates the final value of the theoretical probability in the limit—an ontological inversion of the Law
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of Large Numbers—where probability is a consequence of the process, not its prerequisite. As a direct
consequence of this dynamic self-adjustment, the Cumulative Distribution Function (CDF) is
endogenously defined as Fa(n) = 1 - (1 - he)", making it intrinsically variable and reflective of the

system's real-time equilibrium.

1) Convergences of CDFs at Median Delay Cycle: Symmetry, fwp/ = 0: The kinetic experiment
provides empirical confirmation of the Probabilistic Entanglement Theorem (PE), the convergence
of both Cumulative Distribution Functions (CDFs), Faand Fa', to the value of % clearly demonstrates
the symmetry of the probabilistic equilibrium, confirming that it is a universal reality, not a mere
abstraction (Section 2.5.1). The Law of Large Numbers is observed to be bilateral and symmetrical
rather than unilateral: as the relative frequency h; (A) stabilizes, the relative frequency hi (A”) stabilizes
concomitantly. Since both functions are identical and overlap, Fa is presented by the difference 7 —
Fa (Table 4 and Figure 2).

Table 4. Syntax for PE Symmetry: Functions: yp, hi, Fa, Fa, 1- hi and Q (Row 10).
A B C D E F G H

10 =RANDB | =IF(B10=3 | =IF(C10=1 | =IF(C10=0 | =COUNTI | =COUNTI | =F10/A10 | =G10/A10
ETWEEN( | ,1,0) 0,D9+1) | 0D9+1) | F(C$2:C10 | F(C$2:C10
1,6) 1) 0)
0 P Q R
=1- =1- =1-J10 =J10+K10 | =J10-K10

DISTR.BI DISTR.BI

NOM.N(F NOM.N(G
10,A10,H1 | 10,A10,110
0,TRUE ,TRUE

Probability
1,00
0,90 N
0.80 :_ nt

n

0,70
lim F(A) = lim C) (A= hay. ()" =172

0,60

JSkHL

0,50

;

0,40 r’- lim F(4) = lim Z (T) (R, (1— ki =12
j=k+1

0,30

020 [,

e

0,10

0,00 [L\
0

200 400 600 800 1000 1200 1400 1600 1800 2000

P(Q) wp F(4) oy R A1) J— hi(4?) Cycles

Figure 2. Convergence of the Cumulative Distribution Functions Fa and Fa- to the Median Delay (n)
in the m = m' Symmetry of the Stability Limits (*2) (2,000 cycles).
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i) Convergences of CDFs at Median, Mean and Maximum Delays Cycle: The process uses

10,000 cycles and a simple binomial process, defining success (A) as rolling a 3 on a six-sided die

(Table 5).
Table 5. Syntax for the PE Process; Functions hj, 1/2, 2/3 and 1 (Row 10).
A B © D E F G H |
10 | =RANDBET =IF(B10 | =IF(C10=1, | =COUNTIF( =E1/ =1-POWER(1- | =1-POWER(1- =1-
WEEN(1,6) =3,1,0) 1,D9+1) C$2:C10,1) Al10 F10,MEDIAN F10,AVERAG POWER(1-
(D$1:D10)) E(D$1:D10)) F10,MAX(
D$1:D10))

- Relative Frequency (hi — p(he)): The relative frequency converges to the theoretical probability (p
= 1/6), empirically validating the Law of Large Numbers [16].

- Median (Fa (median) — 1/2): The median converges to the symmetry point Y2, confirming the
probabilistic definition where fAyp/~ 0.

- Mean (Fa (mean) — 2/3): The mean converges to the Rational Equilibrium 2/3, where fyp/~ 1/3,
demonstrating coherence between PE theory and empirical results.

- Maximum (Fa (maximum) — 1): The maximum converges to probability 1, reflecting only the

maximal delay; this convergence is trivial (Figure 3).

Probability

1,00
F‘ lim Famy =1— (1 — hy)" = delavymaz ~
0’90 n—oo

0,80
0,70

lim Fappy =1 — (1 — k)"~ delaymean x 273
n—co

—=

0,60
o lim Fagny =1~ (1 — hy)" = @eleymedian = 1 /2
0,40
0,30
0,20
0,10 §/°

0,00

lim h; =~ p(h,) = 1/6
n—oo

4000 6000 8000 10000

Cycles

0 2000

Figure 3. Cumulative Probability Distribution Functions Modulated by Mean, Median, and
Mathematical Maximum Delays.

iii) Convergences of CDFs at Stability and Saturation Limit Delay Cycle (y, 1-1/e, Aoss): The
execution of 10,000 cycles (dice rolls, p — he = 1/6) validates Section 2.5.3., 2.5.4 and 3.1.
Demonstrating the convergence of the CDFs toward the fundamental constants y and e for event A
(Table 6).
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Table 6. Syntax for the PE Process; Functions: y, 1-1/e and Aggs (Row 10).
A B C D E F G H

10 | =RANDBE | =IF(B10 | =IF(C10=1, | =IF(C10=1, | =COUNTIF( | =ELUA | =POWER(I- =1- =-LN(1-H10)
TWEEN(, | =3,1,0) | 05D9+1) | 0,E9+1) C$2:C10,1) | 10 G10, POWER(1-
6) MEDIAN(ES$1: | G10,
E10)) AVERAGE(
D$1:D10))

- Principle of Stability (y): The Probability of Non-Occurrence at the Median Cycle (Med [N])
converges to the Euler-Mascheroni Constant (y = 0.5772). This is defined by the complementary
function Fa: limn— » Fa (Med [N]) = (1 — hi) M ™ — 5 This value defines the system’s structural
stability threshold.

- Principle of Saturation (1-1/e): The Cumulative Probability of Occurrence (Fa) at the Mean Cycle
(E [N]) converges to the Exponential Limit (1-1/e = 0.6321): limn -« Fa (E [N]) = 1- (1 — hi)E™ —
1-1/e.

- Principle of Information (Aoss): It establishes the logarithmic unification: limn _ .- In (1- (1 — hj) Med

N)) = Aggs between stability and saturation (Figure 4).

Probability

lim —In(1 — (1 — h,)MedM) = A = 0.8609

mn—oo

lim Faoy=1—(1 —h)fF® 21 - —];a 0.
n—roo N

limFpy = (1 — h)MeaW) =y = 05772
n—oo N

Figure 4. Empirical Validation of the PE. Convergence of the Cumulative Distribution Function Fa(n)
to the limits of Stability (y), Saturation (1 - 1/e) and Information Ao.gs (10,000 cycles). (Convergence
depends on the counter-function interaction: a reset to 1 in Fa(n) reveals statistical Symmetry (%2), while a reset to 0 in
Fa (n) isolates the pure waiting time, revealing structural Stability (y). This proves y is the intrinsic equilibrium of the
system’s non-occurrence state, while Aogs is the information limit of the system.

“If all of nature operates through cycles, the universe—as the supreme system—cannot be the exception. Within the rigor of the
scientific method, it is not the observer’s role to impose a static theoretical probability upon the Law of Large Numbers; rather, it
is their duty to observe self-regulated empirical probability. While conventional science treats probability as a constant hypothesis,

the reality is far different: the only true constant is the Ao.ss factor, the universal attractor to which all stochastic processes
ultimately respond. Randomness is never predictable individually but always regular structurally; in the event, uncertainty reigns,

while in the series, the certainty of form prevails”
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Randomness is not chronometric; it exhibits deviations or delays for the occurrence of event A, the
most significant being the median, y, 1 - 1/e, mean, and maximum delays. A cycle is completed
because, following the occurrence, a new cycle begins, formed by n Bernoulli trials, repetitions, or
experiments. Despite the uncertainty regarding whether success or failure will occur, in large samples,
there is a certainty of regularity in symmetry and structural equilibrium arising from the self-
adjustments of the relative frequencies of both positive probability events (A and A’) and the
consequent self-adjustment of their mirrored functions (Fa(n), and Fa'(n)), where the stability

threshold is reached when the non-occurrence function (Fa (n), converges to the limit y.

3.3 Cycle at the Quantum Level
The Euler—Mascheroni constant (y) is introduced at this level as an empirical scaling factor that
statistically approximates photon emission per cycle, representing the structural stability of the

guantum system.

i) Principle of the Distribution Constant (6) and Photonic Flux: For an electromagnetic wave with
unit frequency (v = 1 Hz) and unit power, the circular distance dc. = 2.9979 x 10%m defines a complete
reference cycle. Within this one-second interval, the number of photons (N) emerging to satisfy the
unit of action is N =~ 1.5092 x 10% photons. This value represents the total capacity of the reference
cycle. From this, we define the Constant (o) as the fraction of a meter corresponding to each emitted

photon:

5 = de (29979 x 108)
T N 15092 x 1033

In this normalized reference cycle, we assume a theoretical emission probability (p) required to

~ 1.9864 X 1072° m/photon

distribute the 1.5092 x 103 photons along the circular distance dc. At this stage, J represents the
spatial density of the photonic flux, where the energy is normalized in the [0 — 1] space and is

equivalent to the cumulative probability (Fa) of the system.

i) Deduction of the Information Constant Aoss via Nodal Ratios and Delay Cycles: The
Information Constant (A) is not an arbitrary fit but the ratio between the PE Symmetry Node (0.5)
and the Stability Limit (y) of the field:

Symmetrynode PE o5
Stability Threshold (y) = 0.5772

A=(1 —05)Y" = ~ 0.8662

This constant A governs the transition from the symmetry node to the structural stability required for

photonic emission. The Information Constant (A) is derived by relating the two fundamental

probabilistic limits of photonic flux: the state of stability (y) and the state of saturation (e). Using the
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Cumulative Distribution Function (CDF) Fa(n) = 1 - (1 - he)", we calculate the cycles (photons)
required to reach these thresholds:
- Saturation Cycle (npianck): The total number of photons required to reach the Poisson saturation limit
(1-1/e).

Npranck = 1.5092 X 1033 (cycles) photons
- Stability Cycle (n,): The number of photons required for the system to reach the structural stability
threshold (y = 0.5772).

S In (1- 0,5772)
Y 7 In (1-6.626 1x 10734)

=1.2995 X 1033 (cycles) photons

The Information Constant A is defined as the probabilistic ratio between the photons (cycles) required

to reach the stability limit (n,) and the total saturation limit (Npianck):
n
¥

A =
Nplanck

Substituting the calculated cycle values (n, =~ 1.2995 x 10%* and npianck ~ 1.5092 x 10%):

1.2995 x 1033 photons

1.5092 x 1032 photons 086

This result confirms that A is not an arbitrary value but the "fingerprint" of information transfer

efficiency within the electromagnetic system.

iii) The Planck Constant (h) as the Saturation Limit: While pnoge represents equilibrium, the
observed Planck Constant (h) represents the state of Maximum Information Saturation (1 - 1/e). By
equating the CDF to the Poisson saturation limit:
Fn)=1- 01 —-p)"=1—-1/e
1 =p)"=1/e=>p, ~1/n
Substituting the value of n:

1

m=6.6261 X 10734

Pr =
iv) Verification of the Equilibrium Principle: The Planck Constant as a Probability: The Planck
constant (h), traditionally defined with a value of 6.6261 x 1034 J-s, is the elemental quantum of
action governing the atomic scale. Under the framework of the PE, this constant recognized as the
fundamental probability of quantization emerging from the saturation of the electromagnetic system.
To ensure dimensional consistency, this framework adopts a normalization where the total action of
a fundamental cycle is mapped to a unit probabilistic manifold (2 = 1), allowing the direct mapping
of action magnitudes into a dimensionless probability space. It is not merely a scaling factor, but the

probability that a discrete unit of energy reaches the threshold of manifestation within a single cycle.
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According to the PE, the number of cycles (n) necessary for the probability of an event to reach total
saturation is defined by the cumulative probability function (CDF): Fa(n) = 1—(1 - he)", where Fa(n)
reaches the physical saturation limit of 1 - 1/e. For the fundamental electromagnetic wave with unit
frequency and power, the axiomatic number of emitted photons (n) is: 1.5092 x 10%. By equating
the CDF to its saturation limit, the deduction of the fundamental probability (he) begins:
Fin) = 1-0-h)"=1-1/e
Solving for the fundamental probability (he):
1—he = ()"
Since 1/n is an infinitesimal exponent (given n = 1.50917 x 103, we apply a first-order Taylor

expansion (e*~ 1 + x), which simplifies the expression to:
1—h, = 1 !
e ™ +( E)

Substituting the value of n:

N~ —34
€ ™ 15092 x 1033 6.6261 x 10

This result numerically matches the Planck Constant (h), which the PE model now formally
reinterprets as the Minimum Action Probability (pn). With this probability established, we can define
the universal distribution ¢ and the expected value of the cycle length E(X) as:
EX) =n-p =d:-p,
The mother function of the Entanglement Theorem (equation 2) is taken as: FA (n) =1 - (1 — he)".
We substitute p, with the Planck probability (pn) and n with the light distance (dc). Thus we obtain:
Fam) = 1 — (1 = pp)?
Substituting the original values of pn and dc, we obtain:
F,(n) = 1 — (1 — 6.6261 x 10734)29979%10° — § ~ 19864 X 10725 m
This means that in a reference wave (v = 1 Hz; 1= dc = 2.9979 x 10% m), the value 1.9864 x 1025 m,
is the distance assignable to each individual photon. Then, the probability of detecting one photon

among n = 1.50917 x 10% photons is the following ratio:

1.9864 x 10725m
2.9979 x 108 m

p (photon) = dic = ~ pp=6.6261 x 10734

In this manner, we take the cumulative probability distribution function (parent, equation 2) from the
entanglement theorem, substitute the probability value with pn, and verify that the cumulative number

of photons emitted (y = 0.5772) is equal to that calculated by conventional physics:
Fs)=1- (0 -h)"=FEMm =1-0-p)"=FMm = 1- (1 - 66261x 107"

n (1-vy) _ In (1- 0,5772)

_ 33
e Y = T (6626 1x 1058 1.2995 x 10°° photons

y=1-(1-66261x 1073 = n, =

Conventional Physics Verification:
- Total Capacity (N): For unit power (P = 1W) and frequency (v = 1), conventional physics defines

the total photon flux as:
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N=+=—21 __ ~12995 x 1033 photons/s

hv 6.626 1x 10734

- Stability Threshold: In standard statistical mechanics, the number of events required to reach a
cumulative probability (y = 0.5772) follows the exponential distribution P = 1 - "N Solving for n:
05772=1— e ¥ =n=N-[=In (1 — 0,5772)]
n= (15092 x 10%3)-0.8609 = 1.2995 x 1033 photons/s

This matches the PE model's result where n =N - A. The Information Constant (Aosgs) is thus formally
validated as the logarithmic link between the Planck scale and the Euler-Mascheroni stability limit.
Therefore, unequivocally, the dimensionless value of the Planck constant is the probability of
detecting a photon. This confirms that the distance traveled by light and the fundamental probability
of a quantum event are the two pillars that define the unit of action. In colloquial terms, the Planck
Constant (h) is no longer an abstract number but is revealed as a relative frequency (hi). It is, literally,
the 'portion’ or share of space-time assigned to each photon within the total distance traveled by light
in a cycle. By dividing the unit of action of a single photon by the total action capacity of the light-
cycle, the dimensions cancel out (Js/Js), yielding a dimensionless relative frequency (pn). This
transforms the photon from a simple particle into a statistical manifestation: the probability that
energy reaches the threshold of action at a specific point along the path. By normalizing the reference
wave within a unit manifold (2 = 1), Relative Distance (o) and Action Probability (pn) emerge as
equivalent magnitudes. Under this framework, energy is formally normalized and becomes
interchangeable with the structural probability of the system. Consequently, probability density is
equivalent to energy density: the photon is the node where occupied space translates directly into the
probability of existence of a quantum event. The constant h ceases to be an external value and

becomes the metric of this absolute equivalence (Table 7).

Table 7. Normalized Action for the Reference Electromagnetic Wave (v = 7 Hz; A= d. = 3E8 m).

Total Photon (number) *1 | *2 | *3 | . . [ . [*150917E33
Total Distance (m) 3E8
Relative Distance (m)=¢ | 1.987 E-25 | 1.987 E-25 1.987 E-25 1.987 E-25
Relative Frequency = pn 6.6261 E-34 | 6.6261 E-34 6.6261 E-34 6.6261 E-34

Dimensional Identity: This equation proves that in a unit manifold (Q = 1), the cancellation of action
units (J-s) redefines energy as Probability Density. This explains why constants 'run' with energy:
they are the endogenous response of the field to maintain equilibrium. Therefore, the Running

Coupling is the empirical proof that energy is a normalized probability of action:

Eeyent __ nhv n

=5 ©

b= Erotar  Nhv N
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v) Validation of the Principle of Entanglement (PE): The derivation of pn provides the ultimate
physical validation for the architecture presented in the Methodology. The emergence of the Planck
Constant as a probability satisfies the three fundamental pillars of the PE:

- Bounded Occurrence: Since the calculated probability is strictly positive (pn = 6.6261 x 1073 > 0),
its complement (1 - pn) is also strictly positive and less than unity (0 <1 - pn < 1). This ensures that
the system avoids the "infinite failure” state, guaranteeing that a quantum event will always occur
within a bounded number of cycles.

- Endogenous Frequency (hi): As postulated, hiis not an exogenous constant but a dynamic relative
frequency (hi). It represents the specific "portion” of space-time (favorable case) relative to the total
photonic capacity of the reference cycle (total cases).

- Stochastic Feedback: The fact that electromagnetism responds to this probabilistic limit proves that
the electromagnetic flux is a self-regulating system. Every photon emission acts as a mechanism of
continuous feedback to maintain the universal equilibrium defined by the symmetry m = m".

The Symmetry Node Before reaching the saturation limit, the system must satisfy the Entanglement
Theorem (PE). This principle states that the quantum field achieves structural equilibrium when the
probability of event realization (Fa) equals the field's resistance (Fa’). Applying the PE to the
reference cycle (n):

FA(n) = FA’(n) = 1- (1 - 1/pnode)n = (1 - 1/pnode)n
(1 - 1/pnode)n =05
Solving for the Quantum Symmetry Node (pnode) Using the reference cycle n = 1.5092 x 10%:
Proge = (1 = 0.5)/" ~ =B = 45924 x 1073
This value represents the Barycenter of Action: the exact point where the electromagnetic wave is in

perfect balance between wave-like potential and particle-like manifestation.

vi) PE Fundamental Equation: The structural stability of this entire process is governed by the
exponential relationship between photons and cycles. The number of photons (N) per cycle (n) is
characterized by the Euler—Mascheroni constant (y), acting as the universal scaling factor for quantum
information:

N = el (10)
This relationship demonstrates that the quantization of energy (E = hv) is the physical manifestation
of a probabilistic equilibrium governed by y. It ensures that for any wavelength 4, the number of
photons can be calculated as N = A/9, revealing the wave-particle duality as a transition from

continuous probability accumulation to discrete event success.

29
TRAVERSA, 1. [2025]. PROBABILITY FIELD THEORY. Structural Unification: Derivation of Planck Constant (h), Fine-Structure Constant (a),
Strong Coupling Constant (o), and Hubble Tension (H,) via y and Agggs. v 81. 73 p. Zenodo. https://doi.org/10.5281/zenodo.17425185



https://doi.org/%20%20%20%20%2010.5281/zenodo.18764403
https://doi.org/%20%20%20%20%2010.5281/zenodo.18764403

3.3.1 Quantum Physics Relationship
Starting from the cumulative probability function:
Fy(n) =1 - (1 = h)”
If he is defined as the probability of photon emission per cycle, it can be expressed in two equivalent
ways.

_dz:'Ph_1
he=="=3

Then the cumulative probability function becomes:

R 1= (1= =)o (1 )"

As an example, for unitary power and red light with 2 = 7.00 x 10~" and N = 3.52 x 10*® photons
1 (0.8609)-(3.52x1018)
Fun)=1— (1 - W) ~ 0.5772
For N—oo:
Fi(n) =1 —(e)70%% ~ 1-04228 ~ y
It is verified that the maximum accumulated probability is y. The number of photons emitted per
second with unitary power is defined as the ratio between the wavelength (1) in meters and the

expected delta (o) in meters:

2
N=z% (11)

By equating the two expressions for N (PE and Quantum Physics), the connection between both

domains is established:

e =N =2 (12)
Rearranging gives the expression that links the distribution constant (0) with the wavelength (A) and

the probabilistic equilibrium (y):

This expression reveals that ¢ is not an independent value but the direct result of a cyclic probabilistic
process governed by the Euler—Mascheroni constant and a fundamental number of cycles (n). Thus,
for any wavelength 4, the total number of photons it contains can be directly calculated as N = 4/0.

For red light (4 = 7.00 x 10”7 m), the number of photons for unitary power is:

_ 7.00x107’m
1.986X10~25m

~ 3.52 x 10 photons/s

By the traditional method:

E=h=>N-= %:m ~ 3.52 x 108 photons/s
It is observed that: Npg = N guantum
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This relationship shows that the quantization of energy (£ = Av) corresponds to the equilibrium value
of probabilistic accumulation governed by y. It ensures that the emission probability is quantized and
that energy and accumulated probability are conceptually and mathematically equivalent in the

fundamental cycle.

3.3.2 Cycle Variation Across the Electromagnetic Spectrum

For the theory to hold, the number of cycles (n) must be shown to vary as a measurable property of
electromagnetic waves. From the unified equation (12), the number of cycles can be derived.
Applying the natural logarithm yields:

mw) G

14 14
For different wave frequencies across the spectrum, the expression n = 1/y -In (N) allows us to obtain

the number of fundamental probabilistic updates n, whose electromagnetic projection corresponds to
wave oscillations, required for photon realization, while N = e’ gives the photon count consistent
with conventional physics (Table 8). The PE model is fully consistent with the quantum energy
formula £ = hv. By combining the probabilistic equilibrium principle with physical laws, it is shown
that energy results directly from the number of cycles (n) and the frequency (v). The number of
fundamental probabilistic updates n, whose electromagnetic projection corresponds to wave

oscillations, required for photon realization.

Table 8. Number of cycles (n) for different types of radiation, assuming 1W of power.

Radiation 2 [m] v [Hz] I[Z’J?oton iy Photons [s] /5 ;:;;clflsy In (N) 2‘,1 oAl
Radio 1.00x10° 3.00x10° 1.99x1072 5.02x10%" 110.49 5.02x10%"
Red Light 7.00x1077 4.29x10' 2.84x107" 3.52x10'8 73.97 3.52x1018
Green Light 5.50x1077 5.45x10" 3.61x107" 2.77x10%8 73.56 2.77x10%8
Blue Light 4.50x107 6.67x10" 4.41x10" 2.27x10%8 73.22 2.27x10%8
Gamma 1.00x107'2 3.00x10% 1.99x107"3 5.02x10% 50.67 5.02x10%2

The number of cycles (n) varies across the electromagnetic spectrum but remains consistent in
adjacent segments, indicating that the PE governs photon emission at all frequencies. This explains
why (n) for visible light is nearly the same between red and blue: they are relatively close frequencies
in the vast spectrum. The PE thus describes a universal accumulation process that, while changing
with wave energy, maintains local consistency.

The number of cycles (n) represents the number of discrete probabilistic steps required for a photon
to emerge. The formula » = 1/y - In (N) uses the Euler—Mascheroni constant (y) to model the
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exponential growth of the photon count N. The continuous accumulation of probability in the
cumulative distribution function leads to the success of the probabilistic event.

The wave—particle duality, a foundational concept of quantum mechanics pioneered by [17], is here
explained by the PE as the manifestation of this principle. The wave represents the process of
continuous accumulation of energy (Fa), and the particle (photon) is represented by the function h;,
with the discrete success or "firing™ event (fi = 1). The PE shows that the product between Planck’s
probability (ps) and the light distance (dc) is not arbitrary but a direct consequence of the wave’s
geometry (1) and the probabilistic equilibrium principle (e””), which is dimensionless.

As an analogy, the Planck probability (p:) represents the energy of the “reference wheel” of unitary
frequency. Electromagnetic waves are other wheels that, having different sizes (1), must complete
more or fewer cycles to travel the same distance. A smaller wheel (blue light) spins faster, meaning
a photon takes fewer cycles to emerge; conversely, a larger wheel (red light) spins more slowly and
requires more cycles. This explains why red light compensates for its lower individual photon energy
with a higher emission frequency, while blue light compensates for its lower emission rate with higher
energy per event. Human vision in the visible spectrum occurs around 73 cycles, confirming the PE’s

predictive consistency at the quantum level.

3.3.3 Derivation of the Planck Constant (h) as an Intrinsic Solution
This identification does not introduce h as an assumption but recognizes it as the unique solution
compatible with the independently derived saturation threshold. For numerical comparison, the
experimentally measured value reported by CODATA is used a posteriori to verify consistency.
Utilizing the value of the Unification Constant (Ac.ss = -In (1 - p)), we can determine the theoretical
photonic limit (n) using the precision value from CODATA:

Aoss 0.860901962312 _

n = = =1.2995 x 1033

h(copara) 6.626 1x 10~34

The consistency of the model is confirmed by observing that, if the system reaches this axiomatic
cycle limit, the action probability aligns with total precision to the observed digits. Solving for h in
this exponential relation yields the expression linking the Planck constant h with y and n (Table 9

equation 13).
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Table 9. Non-Empirical Derivation of the Planck Constant (h).

“h 13
h=1-(1 —p)Y"=1-(1 — y)hose =1 — (1 — y)/12995x10” 5 6 6261 x 1073* Js (13

The system is self-regulated, operating within an architecture where the probability auto-regulates endogenously,
it manifests as a function of itself. This demonstrates, through the Entanglement Theorem (PE), that constants are
intrinsic equilibrium solutions of the probability field itself.

If the Equilibrium Principle (EP) governs the stochastic process, the action probability (h) and the non-action
probability (1 - h) must reach a symmetry point where Fa = Fa. By solving for a generic n;

- —h)= (k)= (- @) =g

Substituting the value of the fine-structure constant (h = 6.6261 x 10-34), we find the Statistical Symmetry Node at:

_ In(0.5)

~ 33
= iy ~ 1046 10 cycles

This result is physically transformative: it identifies the mathematical anchor linking the natural symmetry node (0.5)
with the structural stability limit anchored by the Euler-Mascheroni constant (y):

1-h)"=1-y =~ 042278
Applying the natural logarithm confirms that the vacuum'’s structural resistance (Agss) is the final constraint:
n-m(l-h)=mn0-y)=—A4yg = —0.86086

This proves that Aggs is the mathematical anchor linking the natural symmetry node of the quantum flux with the
absolute discrete limit of action saturation.

3.4 Cycle at the Nuclear Level

At the nuclear scale, the fundamental cycle index n does not count energy levels or particles. It
represents the number of discrete probabilistic updates required for the realization of a nuclear
transition. Observable quantities such as decay energies or level spacings arise as projections of these
updates onto the nuclear interaction domain. The application of the Postulate of Stability (PE) to the
nuclear scale demonstrates that the same probabilistic invariants governing the quantum vacuum also
regulate high-energy subatomic structures, where the interaction between cumulative realization and
structural information is validated through nuclear decay energy distributions at the MeV scale.
Experimental data provided by [18] and evaluated in the study by [19] reveal a dual stabilization
mechanism.

i) Energy-Probability ldentity in Gamma Transitions: The Principle of Entanglement (PE)
manifests in the nuclear domain through the stabilization of emission energies. In gamma cascades
(e.g., **Na and ®°Co), the ratios between transition energies act as projections of the underlying
probabilistic update count, independent of the absolute energy scale. By applying the Dimensional

Identity, the specific energy scale cancels out, revealing structural probabilities:

h BB vy and h, .= B~y

esys ~  3E einf — g,
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Where E: and E; are the energies of the primary photons in the cascade. This cancellation of the
energy units proves that the nuclear energy distribution is a physical vessel for the realization of
probabilistic equilibrium (¥2) and the information constant (Aoss). The observed stability in these
decay patterns is the empirical evidence of the system's internal self-regulation to maintain a unit

manifold.

ii) The Equilibrium Anchor (*Na): The ?*Na nucleus provides a fundamental physical validation
of the theory through its gamma cascade. The Symmetry Node in the Median Delay Cycle (/Ayp/= 0)
is manifested by dividing the gamma cascade energies; the ratio 1.37 MeV/ 2.75 MeV = 0.5 places the
emission dynamics at the point of probabilistic symmetry where m = m' and Fa= % = Fa.. In this state,
the accumulated difference is zero, and the probability potential /y,/ = 0 acts as an "Equilibrium
Anchor" of maximum statistical neutrality. Conversely, the Rational Equilibrium Node in the Mean
Delay Cycle (Ayp/= 1/3) is revealed by relating the levels to the total system energy (4.12 MeV); the
ratios 1.37 MeV/4.12 MeV = 1/3 and 2.75 MeV/4.12 MeV = 2/3 identify the Fa and Fa functions,
respectively. This state corresponds to the Mean Delay Cycle (E[N]) where the intersection of values
establishes a potential (Avp/= 1/3), proving that the nuclear architecture is structured upon the critical

nodes of the probability field.

iii) The Informational Anchor (6°Co): Transitioning toward structural complexity, the Cobalt-60
(°°Co) decay reveals two distinct peaks: E1~ 1.17 MeV and E2~ 1.33 MeV (X' =~ 2.50 MeV). The PE
model interprets these as a manifestation of systemic equilibrium because the ratio between the first
energy level and the total emission (Ei/2 =~ 0.468) shows a remarkable convergence toward the
universal stability point of 0.50 (*2) (Symmetric Convergence (Equilibrium)) and the relationship
between both emission peaks (Ei/E2~ 0.8797) serves as an empirical anchor for the Fundamental
Information Constant (Aoss). In this context, the constant A acts as the structural regulator that defines
the coherence of nuclear level transitions, preventing stochastic dissolution. The empirical ratio
converges toward the theoretical limit Aogs, demonstrating that the constant Aogs acts as a statistical
attractor of equilibrium. This stability level bridges the gap between Planck-scale discrete cycles and

complex atomic electronic organization.

3.5 Cycle at the Atomic Level
3.5.1 Derivation of the Fine-Structure Constant (a)
The central hypothesis postulates that the fine-structure constant («), interpreted as the probability of

electromagnetic coupling (he), emerges from the conjunction of the probabilistic limit (y) and the
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absolute threshold of structural stability for organized matter. This threshold is not an arbitrary
selection but corresponds to the relativistic limit of the Coulomb potential in ultra-heavy nuclei, where
the vacuum interaction reaches a point of structural saturation. This proposal addresses the long-
standing enigma [8, 20] of a while pursuing conceptual economy without adjustable parameters [21].
Within this framework, the stability threshold is reached when the non-occurrence function (Fa')
converges to the limit y. Consequently, the equilibrium is expressed through its complementary
cumulative distribution function (Fa = 1 - Fa’). The deduction of « follows from two PE-based
hypotheses:
- Equilibrium Limit: The probabilistic stability limit is reached at a maximum number of fundamental
probabilistic updates n, whose atomic projection corresponds to the saturation of the electronic
structural manifold.
- Coupling: «a is the fundamental probability strictly positive (he > 0) of the PE system, representing
the probability of electromagnetic coupling. Starting from the discrete form of the PE cumulative
distribution function, and identifying the atomic projection of the fundamental cycle index as n —=Zx:
Fa(Z) = 1-(1 = he)?
By assuming that the stability limit corresponds to the structural stability threshold (Fa (Z) = y), the
value of y is introduced independently as the universal probabilistic equilibrium threshold, derived in
Section 2. The structural saturation limit is defined by the condition

FA(Zmax) = y
which yields: Zmax = Iri?l(_l;y))

This expression is exact and does not require any empirical input. It relates the saturation cycle
number Zmax to the generic coupling probability he. The electromagnetic fine-structure constant is
identified a posteriori as the value of the generic coupling probability he that satisfies the atomic
saturation condition:

h, = a suchthat Z,,, =~ 118

This identification does not introduce « as an assumption, but recognizes it as the unique solution
compatible with the independently derived saturation threshold. For numerical comparison, the
experimentally measured value reported by CODATA is used a posteriori to verify consistency.
Utilizing the value of the Unification Constant (Aogs = -In (1 - 7)), we can determine the theoretical
atomic limit (Zmax) using the precision value from CODATA:

_ Aogs  _ 0.860901962312

Z o = ~ =117.973342802381
a(CODATA) 0.007297352569
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This value identifies Oganesson (Z = 118) as the nearest discrete realization of the continuous
saturation limit predicted by the model. In physical terms, Z = 118 represents the critical point of the
Coulombic event horizon, being the nearest integer to the calculated saturation limit of 117.97. The
consistency of the model is confirmed by observing that, if the system reaches this axiomatic cycle
limit, the coupling probability aligns with total precision to the observed twelve digits. Solving for o
in this exponential relation yields the expression linking the fine-structure constant o with y [22] and
Z [23] (table 10 equation 14).

Table 10. Non-Empirical Derivation of the Fine-Structure Constant ().

L 14
a=1-1 — y)/max = 1 - (1 — y)loss/c =1 — (1 — y)1/117973342802381 0, 007297352569 )

The system is self-regulated, operating within an architecture where the probability auto-regulates endogenously,
it manifests as a function of itself. This demonstrates, through the Entanglement Theorem (PE), that constants are
intrinsic equilibrium solutions of the probability field itself.

If the Equilibrium Principle (EP) governs the stochastic process, the coupling probability () and the non-coupling
probability (1 - &) must reach a symmetry point where Fa = Fa. By solving for a generic Z:

1-A-a)Y=>0-a)=01 —a)2=%

Substituting the value of the fine-structure constant (a = 0.007297), we find the Statistical Symmetry Node at:

7 =009 946
In(1-a)
This result is physically transformative: it identifies a mathematical boundary between Z = 94 (Plutonium) and Z = 95
(Americium). Since 94 < 94.6, Plutonium remains within the natural stability zone, whereas 95 > 94.6 forces
Americium into the inversion zone dominated by system inertia. However, the field does not terminate at this statistical
center (0.5). It continues to evolve until it reaches the Structural Stability Limit anchored by the Euler-Mascheroni

constant (y):
(1 - a)max = 1 — y =~ 042278
Applying the natural logarithm confirms that the vacuum's structural resistance (Agss) is the final constraint:
Zmax M (1 —a)=In (1 —y)=—A4pgs = —0.86086

This proves that Agss is the mathematical anchor linking the natural symmetry node (Z = 94.6) with the absolute
discrete limit of matter (Z ~ 118).

The link between the fine-structure constant a and the Euler—Mascheroni constant y has been reported
by [24], integrating « into proportions related to pentagonal geometry and the golden ratio, expressed
as: sin(a~?) = 2y sin (2/5) = 2/yzg. Also explicitly [25] includes the Euler—Mascheroni constant y as
a corrective term within the mathematical derivation of the fine-structure constant (o).

To demonstrate that « is an emergent solution rather than an empirical input, we analyze the Structural
Sensitivity (S) of the system. We define S as the relative response of the saturation limit Z to variations

in the coupling probability a:
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az

S(O:) - |% . da

Using the exact expression Za =1In (1 - y) /In (1 - &), the sensitivity function is derived as:

—-a

S(a) = (1-a) - In(1-a)

The principle of Endogenous Auto-regulation postulates that the probability field operates at the point
of Marginal Criticality, defined by S(«) = 1. At this unit threshold, the system achieves a perfect
scale-invariant balance between the coupling probability and the structural manifold. For a <1, the
condition S(a) = 1 is satisfied only when the system aligns with the independently derived saturation
threshold y. This unique stability point yields o = 0.007297 and Z~ 117.97. Any deviation from this
value would result in either structural over-saturation (S > 1) or insufficient coupling for organized
matter (S < 1). Thus, a emerges as the only physically stable fixed point of the probability field. The
predicted saturation limit is Zmax = 117.97, while the terminal atomic number is Zog= 118. The relative

deviation is:

Zog — Z. | 118 —117.9733 |
&y = u =g, = 118 ~ i 2.26 X 10—4

indicating that the theoretical limit aligns closely with the observed boundary of the periodic table,
without implying statistical uncertainty. This shows that o arises from the balance between quantum
probability and relativistic stability in extreme fields [26]. The fleeting existence of the most stable
Oganesson isotope (0g-294, half-life ~ 0.89 ms [27, 28]) corroborates its role as a physical marker at
this threshold. That Oganesson is the final element and extremely unstable indicates the system
approached Z = 118, while the geometric laws of information show the perfect stability point is
already surpassed at 117.97. This tiny difference triggers immediate decay. As defined in Section
2.5.3, y is the structural residue arising from the transition from the discrete to the continuous. This
residue is located between the discrete limit (Z = 118) and the continuous limit (Z = 117.97),
quantifying the asymmetry between specific orbitals (discrete cycles) and the electronic cloud
(continuous field). The appearance of « arises solely from the requirement that the probabilistic
equilibrium threshold y be compatible with the discrete realization of atomic structure. Using the
precision value from CODATA:
Apgs = B2~ 0.8608929

3.5.2 The Structural Consistency Criterion (CCE) of the Stability Postulate (PE)

The model reformulates the coupling constants (i) as Stability Probabilities (pi), where energy is
replaced by the number of interaction cycles (n). A functional isomorphism is established between
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the Cumulative Distribution Function (CDF) model and the physical evolution model (RGE), as

expressed in the following relation:

o1 1 - - Bi
Evolution: = x Tt Bi - In(n) & a;7 (W) = a; " (My) - P ln(MLZ)

1) Equilibrium of the CDF and the Proof of Necessity: Unification (ng) is defined as the number
of fundamental probabilistic updates at which all interaction projections simultaneously reach
structural saturation. This condition is imposed through the Inversion Condition (ne - p (ne) = 1),
which corresponds to a fixed value of the CDF:
F(n,) = 1—e1

The initial probabilities A; are interpreted as the probability of success in a cycle, so their inverse,
1/A;, represents the Mean Delay Cycle (Delay), i.e., the initial magnitude of the inverse probability
of stability. It is demonstrated that unification is impossible if the probabilities (Ai) are constant,

meaning that there is no evolution (bi) in the interaction probabilities.

ii) Deducing ne (Constant Probability): Starting from the CDF and the equilibrium condition F(ng)

= ]—e1, we obtain the formula for calculating ne (table 11):
1

Ne =

In(1-4;)
Table 11. Calculation of Equilibrium Cycles ng.
Force Initial Probability (Ai) Inverse (Mean Delay) (1/Ai) pi (MSSM) ne (Calculated)
u(1) A1 = 0.0169 59.17 6.6 ne1 = 58.68
SU(2) A2 = 0.0337 29.67 1 nez = 29.16
SU®3) Az = 0.1175 8.51 -3 nes =~ 8.00

The disparity in the equilibrium cycles (58.68 # 29.16 # 8.00) demonstrates that the phenomenon is

structurally impossible without the evolution of the probabilities ((hi (n)) through the coefficients b;.

iii) Structural Consistency Criterion (SCC): The requirement for a single unification point (ng)
imposes a proportionality relationship between the separation of the initial constants (or equilibrium
constants) and the separation of the evolution coefficients (fi). This is the essence of the Structural

Consistency Criterion (SCC), which is expressed as:

1_1

sce: A A _ Pmh
1 1 B-p
A, A

Calculation of the Structural Ratio (Kng) using ne: To demonstrate the robustness of the probabilistic
law, we use the column of Equilibrium Cycles ng:
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Ngs —ng, ~ 8.00-129.16  —21.16
K = = =
e TlEZ - TlEl 29.16 - 58.68 _29.52

~ 0,7168

Calculation of the Physics Ratio (Kp): This ratio is calculated from the evolution coefficients i of
the MSSM [25], where 1 = 6.6, > =1, and f3 = -3:

_B=h_(=3-1O) -4
Bo—B (D —(66) =56
The coincidence Kne =~ K demonstrates that the MSSM is the only theory that passes the SCC filter,

Kpg

~ 0,7143

indicating that its structure (i) is a necessary consequence of probabilistic stability.

iv) Deduction of the Unification Cycle ne: Where the three forces unify, we leverage the condition
that at ng, the evolution (either RGE or CDF) of the three constants must coincide. Since at ng, 1/h;
(ne) = 1/hj (ne), and assuming b = C- Si, we equate the evolution equations of two forces. Rearranging

for the product C-In (ng) from the initial differences (using 1/Ai):

1 1
4, 4.  29.67 —59.17
C -In(ng) = /};2—2;41: eI ~ —5.2678
1 2 .

Using the known inverse coupling value at unification 1/he (ng) = 25.7, we solve for In (ng) from the

evolution equation:

_1 1
he(ng) A

CPy
Substituting the value obtained from SCC (C - In(ng) = — 5,2678):

In(ng) = 38.27

In(ng) =

Finally, taking the exponential:
ng ~ e3827 ~ 424 x 10 cycles
Unification is not a mere geometric crossing, but the Structural Equilibrium Point (ng = 4,24 x 10'°)
where the system reaches probabilistic saturation. This value represents the total number of
fundamental probabilistic updates, whose gravitational projection corresponds to Planck-scale
temporal units. Mapping this dimensionless count to the Planck Time (t,~ 5,39 x 10#s) yields the
physical temporal scale:
tunification = Mg * tp ~2,28x107%7s

This result situates the equilibrium point precisely within the GUT Epoch (103 to 102°s). Thus, a
"cycle" is the fundamental unit of phase-space update, and In (ng) =~ 38.28 is the exact temporal

coordinate where the MSSM geometry satisfies the law of universal stability (figure 5).
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Figure 5. Structural Equilibrium Point: Probabilistic Unification (1/h; (n)) validated by the CCE (PE-
MSSM).
3.5.3 Derivation of the Strong Coupling Constant (as) at the Mz
The Structural Equilibrium of the PE extends to the nuclear domain, postulating that the Strong
Coupling Constant (as), which governs Quantum Chromodynamics (QCD), emerges from the
condition of maximum geometric stability anchored in the nuclear shell closure sequence. While as
is a scale-dependent parameter (running coupling), the PE framework identifies its value at the Z-
boson mass scale (Mz)—the universal reference for coupling constants—as the fundamental point of
hadronic saturation.
In the hadronic regime, structural stability is governed by the Nuclear Shell Model [29] and the SU
(3) color symmetry. The PE framework identifies the first point of maximum structural saturation at
the double shell closure of Oxygen-16 (Z = 8, N = 8). At the hadronic scale, the projection of the
fundamental cycle index n onto color interactions saturates at n = 8, corresponding to the dimension
of the SU (3) adjoint representation, representing the eight massless gluons that mediate the strong
interaction. This saturation does not imply that n equals the number of gluons, but that the color
interaction cannot resolve more than eight independent probabilistic degrees of freedom. The PE
postulates that this physical saturation condition (n = 8) must converge with the Exponential
Saturation limit of the cumulative distribution function (CDF).
By defining as as the fundamental coupling probability (p) and the magic number n = 8 as the required
number of discrete interaction cycles to achieve this structural closure, the deduction proceeds.
Assuming the saturation condition for n = 8, we have:

FFm=1-1-h)" > LB =1-(1—-h)8 =1-¢1

Solving for as from this exponential relationship yields the non-empirical deduction:
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1
a;= 1 —e 8 = 0.1175
At the nuclear scale, the coupling strength is revealed as the ratio between the saturation energy (Esat)

and the total energy of the gluonic manifold (Emanifold):

—_e 1y, —e 1
q = —fee . O-e™HH _1-e™ 4 -8 01175  (15)

- Emainfold n (number of gluons) - H 8

The derivation of as ~ 0.1175 at the Mz scale is not merely a numerical correspondence but a
consequence of Structural Criticality. To demonstrate the uniqueness of this value, we analyze the
sensitivity of the gluonic manifold (n) with respect to the strong coupling probability (as):

an
dag

S(as) =

as
n

Given the PE relationship n =-1/1In (1 - as), the sensitivity function is derived as:

—ag

$(as) = ey ey

The system achieves a fundamental fixed point at the state of Marginal Criticality, where S(as) = 1.
In this regime, the hadronic field operates at its maximum efficiency.

A crucial distinction must be made between the electromagnetic and nuclear scales: while the constant
o 1S governed by the structural residue y, the strong coupling as is anchored to the Maximum
Exponential Saturation limit (1 - 1/e = 0.6321). Substituting this saturation condition into the
criticality requirement, the value of as is revealed as the unique solution that stabilizes the SU(3)
adjoint representation (n = 8). This demonstrates that as is a self-regulated topological constant. Any
deviation from the deduced value would result in a confinement potential |/ as| incompatible with the
discrete geometry of the eight massless gluons, either leading to structural collapse or the loss of
asymptotic freedom. Furthermore, the cancellation of the energy scale factor (H) within this
framework confirms that os is a pure structural probability. The fact that the experimental value at the
Mz scale matches this geometric ratio proves that the Strong Force is the physical manifestation of
reaching the Exponential Saturation Limit within the n = 8 gluonic degrees of freedom. This PE-
deduced value specifically predicts the strong coupling at the Mz scale. It is not merely an
approximation but falls directly within the 1o confidence interval defined by the most precise
empirical world average, as (Mz) = 0.1179 + 0.0010 [30]. With the measurement limits established
at [0.1169, 0.1189], this strict numerical validation establishes that the probabilistic saturation
principle (1 - 1/e at n = 8) acts as the fundamental structural constraint fixing the physical value of as
at the universal benchmark scale. The deduction establishes a fundamental relationship between the
coupling probability (as) and the Probabilistic Confinement Potential (las), defined as the logarithm

of the non-coupling probability:
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la; =1 In(1—ay) |
Substituting the deduced expression for as (as =1 - "), a fundamental simplification is obtained,
whose absolute value |l is:
ol = (1= (1 = e™/")| = |In(e”"™)| = | - %I =%

This reveals that the probabilistic confinement potential of the Strong Force is the exact inverse of
the topological factor of the gauge group. For Oxygen-16, I, = 1/8. This equivalence between the
fundamental constant (as) and the geometric factor (n = 8) validates the application of the PE as a
law of form in the hadronic domain, providing a geometric origin for the coupling's magnitude at its

primary equilibrium scale.

3.5.4 The Strong Phase (Z =1 to 8)
The structural organization of matter is governed by a universal probability field manifesting
isomorphically across different energy scales. In the hadronic regime, the atomic number (Z) for light
elements functions as a discrete proxy for the saturation of iternal gluonic degrees of freedom. This
progression is defined by three fundamental probabilistic nodes (Table 12).

Fin) =1-1 — a))™

Table 12. Probabilistic Saturation and Hadronic Stability in Light Elements (Z =1 to 8).

Element Z(n) Fa (n) Fa(n) Probabilistic Status
H 1 0.11750 0.88250 Fundamental Coupling
He 2 0.22119 0.77881 Spin-Parity Stability
C 6 0.52762 0.47238 Symmetry Node = fyp/~ 0; (Fa = Fa)
N 7 0.58313 0.41687 Stability Threshold Fa >y

- Carbon (Z = 6): The Symmetry Node: At cycle n = 6, the system reaches the Phase Equilibrium
Point where the saturation force (Fa) and the field inertia (Fa‘) achieve maximum functional proximity
(Awp/=0). This structural neutrality establishes Carbon as the "center of gravity" of the periodic table,
enabling the stable chains required for organic chemistry.

- Nitrogen (Z = 7): The Stability Threshold: At cycle n = 7, the system reaches a critical transition
where the saturation value (Fa~ 0.5831) first exceeds the universal stability constant y = 0.57722.
This threshold marks the point of no return where probabilistic equilibrium yields to increasing field
pressure.

- Oxygen (Z = 8): The Saturation Limit: At cycle n = 8, the system completes the degrees of freedom

of the Gluonic Octet (SU (3)), reaching the critical value of 1-1/e. This "informational plenitude"
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endows Oxygen-16 with a probabilistic "double magic,” marking the boundary where the Strong

Phase (as) cedes structural dominance to the Electromagnetic Phase («).

3.5.5 Structural Correspondence: Energy Scales and Field Probabilities (Z =1 to 137)

The PE proves a correspondence between probabilistic equilibrium and atomic interaction potentials.
Consequently, the Running Coupling observed at higher energy scales is the necessary endogenous
adjustment of the PE field to maintain the Stability Postulate as the system approaches the relativistic
threshold (Za —A). In the atomic domain, the projection of the fundamental cycle index (n) onto
matter organization corresponds to the atomic number Z, which counts the number of discrete
electromagnetic coupling realizations sustained by the system. The adjusted cumulative distribution
function (Fa (Z) =1 - (1 - @)?) reveals that the stability of elements is governed by the universal
constants of the PE. This dual mapping establishes a direct functional isomorphism between energy
scaling and probability density, proving that physical energy trajectories and field probabilities run
concurrently as twin manifestations of the same underlying vacuum geometry. From the accumulated
probability equation derived from the PE, Fa is calculated for selected elements derived from the

parent function originating from Equation 2 of the Entanglement Theorem:

Fi2)=1- (10— )= 1yp2) 1= |Fy(Z)— F4-(Z) | =1 2F4(Z) — 1|

To formalize this framework, the field's behavior is explicitly decoupled into two concurrent vectors:
an exogenous physical metric, recorded via the Experimental Energy (Ez) and normalized as an
Empirical Ratio (Ez/156) against the absolute Oganesson boundary; and an endogenous quantum
geometry, represented by the Intensity Fa (Z) and relativistic Velocity (Z«) columns derived directly
from the universal constants of the PE. The convergence points demonstrate how the equilibrium of

atomic systems follows these dual probabilistic constants (Table 13).
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Table 13. Relativistic Convergence of the Probability Field: Experimental Energy [keV], Empirical
Ratios, and Theoretical Intensities by Atomic Number Z.

Experimental  Empirical Veloci .
Element Stage Z (value) Entra)rgy Rat?o @ 0L)ty Igfjeﬁ'gob, Re.ference Concept
(E2) [keV] (EZ/156) e Fa (D) =11 - 0? Points
Hydrogen Base state 1 0,0136 0,00008 0.00730 0.00730 Fa=a Initial Seed
Helium 2 0,0246 0,00016 0.01459 0.01454
Lithium 3 0,0543 0,00035 0.02189 0.02173
Beryllium 4 0,1085 0,00070 0.02919 0.02887
Boron 5 0,1833 0,00118 0.03649 0.03596
Xenon 54 34,56 0,22154 0.39406 0.32660
Cesium Middle Field 55) 35,96 0,23051 0.40135 0.33157 Fa =1/3 Third Harmonic
Barium 56 37,44 0,24000 0.40865 0.33645
Plutonium Symmetry Node 94 103,73 0,66494 =~2/3 0.68595 0.49765 Fa<% Natural Element |yl = 0
Americium Inversion point 95 106,45 0,68237 0.69325 0.50132 Fa>% Artificial Element
Curium 96 109,17 0,69981 0.70055 0.50496
Tennessine 117 153,42 0,98346 0.85379 0.57553
Initial Criticality 117.5450 154,84 0,99256 0.85777 0.57722 Fa =y Informational Threshold
Stability limit 117.9733 155,93 0,99955 0.86089 = Aggs  0.57855 Continuum limit
Oganesson Discrete Bound 118 156,00 1,00000 0.86109 0.57863 Discrete limit

The Intensity column is a cumulative probability with a maximum of 0.632 (1 - 1/e) as the material
saturation degree of the atom. In turn, the Velocity column is also a cumulative probability with a
maximum of 1 representing the relativistic relationship of the electron's velocity relative to the speed
of light. Material saturation reaching the maximum of 137 occurs earlier due to the impossibility of
accumulating more protons in the nucleus with a ceiling of 118, and the electron's velocity occurs
earlier due to the impossibility of reaching the speed of light because of its mass, converging at the
information constant Aoge.

- Hydrogen (Z = 1): The cumulative probability Fa coincides with the fine-structure constant «,
interpreted as the a priori probability of coupling, p(A) = 0.00729.

- Cesium (Z = 55): Fa = 0.33053, which closely approximates the structural fraction 1/3 ~ 0.33333
the equilibrium point of the potential, where the absolute potential value is Ayp/ = 1/3. Cesium, known
for its high reactivity, corresponds to a transition point in the probabilistic system.

- Plutonium (Z = 94): It approaches the point of symmetry equilibrium where Fa < Y. The PE
establishes that the equilibrium of the random system occurs at fwp/~ 0. It represents the Natural
Realization Limit. it is the final element existing in nature (even in trace amounts) before crossing
the Symmetry Inversion Node (Fa < %). The cumulative probability of capturing electron 94 is
slightly higher than the cumulative probability of failing to capture it. On the other hand, the Empirical
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Ratio column (Ez/156), derived from the Experimental Energy (103.73 keV), yields exactly 0.66494,

strictly mapping onto_the exogenous forced, artificial scenario imposed by the observer (Section

3.2.1), given that the denominator of the ratio is the energy of Oganesson, an artificially forced
element. This perfectly matches the Potential Equilibrium Point (Ayp/= 1/3) detailed in Section 2.5.2,

where the enerqy under forced measurement materializes at the mean delay cycle of exactly Fa = 2/3.

In this context, the upper energetic limit for Oganesson (Z =118), analytically deduced by our model
through the potential equilibrium relation where the Plutonium (Z = 94) energy is fixed at the
symmetric fraction Ega/E118 = 2/3 which for Egs = 103.73 keV vyields E11s = 155.595 keV. This value
is close to relativistic Dirac—Fock estimates of the Oganesson K-shell (1s1/2) binding energy, reported
to be approximately 156.5 keV, [31] corresponding to a deviation of about 0.6%. The convergence
points demonstrate how the equilibrium of atomic systems follows probabilistic constants.

- Americium (Z = 95): It has crossed the Symmetry Inversion Node, where Fa- > Fa. It represents the
first Artificial Element, as it exists beyond the Natural Realization Limit, where the cumulative
probability of non-capture dominates the structural field.

- Oganesson (Z = 118): Fa reaches the probabilistic stability limit Fa = y = 0.5772. The relativistic
velocity of the electron (Za), calculated as 118 - a = 0.86022, converges to the Unification Constant
A = 0.85766. Probability Field Theory establishes this as the absolute Material Structural Limit,
rendering the artificial synthesis of element Z = 119 physically impossible as the structural field
equilibrium collapses. At Z = 119, the binding energy of 'being' is outweighed by the repulsive energy
of 'non-being’, making its existence geometrically forbidden."

This dual mapping provides the empirical validation for the Principle of Equilibrium in the

Conservation of Probability and Energy (Section 2.2.3 and 2.2.4). The data in Table 13 demonstrates

that any exogenous energetic displacement recorded in the laboratory (such as the Empirical Ratio
Ez/156 = 0.66494 for Plutonium) corresponds to an exact complementary redistribution within the
field’s endogenous geometry (1 - 2/3 = 1/3 = yp/ = 1/3), proving that the conservation of physical
energy is the direct manifestation of a rigid, unitary sample space (Q = 1).

- Theoretical Limit (Z = 137): Faapproaches the relativistic limit where the cumulative probability
tends to 7/ — 1/e = 0.632. At this point, the inner electron velocity would equal that of the photon (Za
= 1), marking the ultimate relativistic boundary where physical laws undergo a fundamental
transition. Applying the PE cumulative function (1 — «)" = y/2 =~ 172.375, which is in direct

concordance with the Z = 173 limit proposed by [32] for the onset of vacuum instability (Figure 6).
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Figure 6. Cumulative Probability Distribution Functions of Fa and Fa- by Atomic Number (2).

3.5.6 Connection with the Lorentz Factor and the Relativistic Dirac-Einstein Energy Threshold
The velocity corresponding to the threshold of space-time distortion is linked to the constant A = vi/c.
Since the Lorentz factor y_ > 7, its inverse (1/y.) < I lies in the range [0, 1], and can be interpreted as
a probability. Substituting the relation v/c = Za derived from the PE gives a new expression

connecting the relativistic effects of each element with its position in the periodic table:

1 2
p= — = 1—1:—2 = {1 — (za)?

Substituting v/c ~ Aogs giVves:

p= 41— (08609)? =1 —0.7396 = 0.5088~ |, =0 |
This probability (p) converges to the median equilibrium point Ayp/~ 0 and Fa = % predicted by the
PE. For Og (Z = 118), with Za = 0.861, y. = 1.96, demonstrating that relativistic effects are very
pronounced in heavy elements. However, the most relevant case arises at the theoretical element (Z
= 137), where Za ~ 0.99994. As velocity increases, y. increases and (p) decreases; therefore, the
probability of distortion P = 1-p always grows with velocity. This is consistent with physical limits:
for a system at rest (v =0), y. =1, giving P =1 — 1 = 0 (no relativistic effects). As v — ¢, y. — o, SO
P — 1 — 0= 1, meaning relativistic effects fully manifest. Therefore, the PE expression for distortion
probability can be rewritten in Lorentz terms as:
P=1- %

Replacing the Lorentz term:

P=1-(1-% =1-1-(z)?
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This final equation shows that the probability of experiencing relativistic effects is a direct function
of the atomic number (Z) and the fine-structure constant (o). Hence, the probabilistic behavior is
directly tied to the structure of elements in the periodic table.

The final coherence of the model is confirmed by a key numerical result: the probability of non-
distortion (p), derived from the atomic number of Og (Z = 118), is 0.5085, which is almost identical
to (0.5088) obtained independently from the Unification Constant (A) using the relation (1 - A?)2,
This value (p = %) confirms the Individual Equilibrium predicted by the PE, where the two
complementary probabilities (p and P) are essentially equal. From the kinematic probability equation
derived from the PE, p is calculated for selected elements, derived from the parent function

originating from the Entanglement Theorem through the Lorentz metric:

p(2)=+1—-(za)? =1yp@) I1=1p(Z)-PZ)I=12p(z) -1

The corresponding probability potential in absolute value is Ayp/~ 0. The difference yields a strict
residual stability margin of exactly 0.01692, confirming that Oganesson (Z = 118) retains a critical

balance before the threshold of symmetry inversion (Table 14).

Table 14. Elements and Cumulative Probability of Lorentz Distortion by Atomic Number (2).

Chemical Element ~ Z p (No Distortion) P (Distortion) Probability Potential
Hydrogen 1 0.99997 0.00003
Cesium 55 0.91592 0.08408
Plutonium 94 0.72765 0.27235
lypl = 0.01692
Oganesson 118 0.50846 0.49154 residual stability margin
for existence

Theoretical 0.08536 0.91464

The transition from Oganesson (p > 0.5) to Ununennium (p < 0.5) defines the limit of the periodic
table. While Oganesson retains structural dominance, Ununennium (orange) enters the Symmetry
Inversion Zone. Here, distortion (P =~ 0.50347) outweighs atomic coherence (p ~ 0.49653), making
its synthesis physically impossible. The orange color represents the phase collapse where matter
dissolves back into the probability field.

The PE model demonstrates consistency by adhering to the relativistic limit. At Z = 137 (Za — 1),
the electron velocity approaches c. When the boundary is exceeded (Za > 1), such as Z = 173 [32,

33], the PE formula produces a physically meaningless negative square root. This mathematical
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breakdown correctly reflects the physical reality: the end of stable atoms and the onset of spontaneous
electron-positron pair creation [33]. Therefore, matter's equilibrium is governed by the PE.

This independent kinematic derivation perfectly mirrors the dynamic energy landscape of quantum
electrodynamics. In relativistic quantum mechanics, the exact energy eigenvalue (E) for the
fundamental bound state of a fermion in a Coulomb potential is governed by the Dirac-Einstein

operator:

p=-2 = J1- ()

me c2
where me is the rest mass of the electron. When the system approaches the vacuum's structural limit

prescribed by the PE (Za — A), the normalized mass-energy equation yields:

E P
critical \/1 — A2 :\/1 _ (08609)2 =~ 0.5087 ~ |1/Jp =0 |

me c2 -
This reveals a profound functional isomorphism within the PE framework: the probability of
structural non-distortion (p =1/y) is the direct physical manifestation of the system's normalized
relativistic energy fraction (E/me c?). At this critical node, the total available energy is reduced exactly
to half of its rest mass equivalent (= 1/2), identifying the precise coordinate where the energy metrics
of contemporary physics intersect with the field's fundamental symmetry inversion.

It is critical to distinguish the dual physical manifestations of the zero-potential coordinate (/wp/ = 0) established by the PE across

the atomic landscape. The zero-potential assigned to Plutonium (Z = 94) operates within the endogenous domain of energy

intensities, marking the definitive asymptotic limit of spontaneous natural realization where the field's capacity for natural
synthesis is balanced (Fa = %2) (table 13).

Conversely, the zero-potential convergence observed at Oganesson (Z = 118) manifests in the exogenous kinematic domain

governed by the Lorentz metric. The difference yields a strict residual stability margin for existence of exactly 0.01692,

confirming that Oganesson (Z = 118) retains the ultimate physical balance required for structural manifestation before the
threshold of symmetry inversion. While Plutonium represents the boundary of spontaneous matter, Oganesson represents the
absolute boundary of forced, synthetically constrained matter imposed by the observer before the structural phase collapse of the
sample space (table 14).

3.6 Cycle at the Relativistic and Gravitational Levels

The gravitational field is not in space, it is space itself [34]. The manifestation of the PE in the photon
orbit of a black hole—a structure theoretically described by [35] from Einstein’s field equations—
suggests a profound connection between probabilistic equilibrium and General Relativity. The
parallel indicates that the same principle governing the stability of matter in the microcosm is essential
to understanding the geometry of spacetime in the macrocosm. The smallest measurable time is the
Planck time (tp) [34]. Its quantization manifests in the photon orbit, where the orbital period (T)

corresponds to an integer number n of fundamental probabilistic updates.
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The photosphere is the most significant region of the black hole [36], where the Lorentz contraction
factor (B) satisfies:

B= (1- %) =05773
According to [37], the value is nearly equal to the Euler-Mascheroni constant, marking the
relationship between the General Theory of Relativity and mathematics. [38] and collaborators
calculated that a body falling into a rapidly rotating Kerr black hole can lose up to 0.44 of its mass-
energy (m-E). More precise calculations documented 0.42 m-E [36], and another even more accurate
value for loss via gravitational waves mentions 0.423 m-E [39]. This means that the minimum amount
of matter that can pass through the horizon of a Kerr black hole is 0.577 m-E, which is equal to the
value of the Euler-Mascheroni constant. The field architecture is validated by the convergence of the
Geometric Intention Limit (Ag) an invariant constant that unifies spatial metrics with probabilistic
equilibrium:

V3 _ Wplo _ FA=05 _ 05

Ao = & = = ~ 0.866

2 ply FA=y _ 05772

A key aspect of the PE model is the emergence of (y) in extreme gravitational contexts. The PE
postulates that the relative probability of a photon (p), defined as the ratio of its quantum energy to
its relativistic energy, is governed by the equilibrium limit p = y. In the photon sphere of a
Schwarzschild black hole, the orbital radius r is related to the Schwarzschild radius (Rs = 2GM/c?)
by, r = 3/2 - Rs. The corresponding Gravitational Probability (pg), defined as the inverse of the time-

dilation factor, is:

pG=\/1—%=\[1—§= §=%z0.5773zy (16)
According to the cited authors, it is clear that the gravitational level also follows the same probabilistic
architecture described in sections 2.5.1 through 2.5.4, with nodal points at 1/3, 1/2, y, and 1-1/e. In
this manner, we take the cumulative probability distribution function (parent, equation 2) from the
entanglement theorem, substituting the probability value with 1/c =~ 3.335 x 107 (table 1):

l 1- F
Fam)=1- (0 =h)"=F®n =1-0-1/)" =n= nlr(z ( —Al(;lc)))

The n cycle values for these nodal points, where the relativistic convergence shows that for the

stability limit y, the ratio n/c aligns with the information constant Aogs are found in (Table 15).

Table 15. Photon Cloud Fundamental Cycles.

Fa Equation Cycles (n) nlc fwol
1/3 -c -In (2/3) 121.571.152 0.4055 11/3-2/3] = 1/3
% -c -In (2/2) 207.802.437 0.6931 11/2-1/2] = 0
y -c-In(-p) 258.074.705 Aoss 10.7886 — 0.2114| = 0.5772
| it  -ccin@e 200702458 10000  [110000-0.00001=10000 |
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This means that the maximum number of cycles a photon completes before falling into a black hole
is 258.074.705. Invoking the Entanglement Theorem previously established, the equilibrium
condition requires (Equation 2):

Fan) = 1 -1 -1/c)" and Fo(n) = (1 — 1/c)"

Since the Entanglement Theorem establishes that both functions are equivalent, we proceed with the

equalization, Fa(n) = Fa(n):

1-1-1/0)"= 1 -1/c)"=1=2(1 - 1/c)"
By solving for n, we obtain:
1/2= (1 - 1/c"=mh ()= n 1 - 1/0)

_ In(1/2) _ -069314718
T Im(1-1/c) -3.33564x107°

~ 207.802.437 cycles

As observed, the obtained value of n coincides with the median cycle calculated in the cumulative
distribution—the point at which the probability of the photon being trapped by the black hole is equal
to its probability of escape.

While General Relativity establishes the photon sphere at exactly 1.5 Rs based on the geometric factor
1/\3~0.5773, the PFT suggests that the true physical equilibrium is governed by the stability constant
y = (.5772. Consequently, we predict a slight deviation in the orbital radius: rprr = 1.49965 - Rs.
Whereas General Relativity provides the purely geometric radius for the photon sphere, the PE model
introduces a probabilistic phase shift (4¢). The apparent 0.023% deviation represents the
computational latency of the probability field updating at the event horizon. In this context, while
hexagonal packing geometry (V3/2 ~ 0.866) defines the ideal limit of space, the constant Ao gs dictates
the actual limit of its informational saturation. This result unifies the quantum and gravitational
domains. The PE model shows that y emerges directly from spacetime geometry due to its remarkable
numerical proximity (a difference of ~ 0.023%) to the gravitational factor pc = 1/N3 =~ 0.5773 at the
photon sphere. This alignment establishes a deep symmetry: y —the factor governing probabilistic
equilibrium—is nearly identical to the factor governing geometry in the photon orbit, regardless of
mass. This reveals that y acts as a structural invariant encoding the fundamental coupling between
spacetime curvature and quantum processes. When a photon orbits a compact mass, its energy is
modulated by this gravitational factor [40], [41]. Therefore, the corrected photon orbital radius (rph)
is:

N

Tph = 1_—)/2 ~ 1.49965

This convergence is reinforced by the ratio symmetry: while the geometric ideal (0.5/1/\3) = 0.8660
defines the hexagonal packing limit, the probabilistic reality 0.5/y = 0.8662 aligns with the

information constant, quantifying the minimal threshold of informational saturation. Since potential
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energy is proportional to 1/r, its quantized nature implies that the summation of its n energy levels—
equivalent to the integration of this relation—results in a logarithmic structure (In n) offset by an
integration constant. In limiting cases, this constant converges exactly to the Euler-Mascheroni value
(y= 0.5772), defining the minimum threshold for mass-energy transfer at the event horizon
In the photon sphere, the PE model can predict the number of cycles (n)—a measure proportional to
the black hole's mass—understood as the number of fundamental Planck units composing the
quantized orbit. The value of (n) is therefore directly proportional to the size of the black hole:

2r R and n=_—2oM a7

- m 1-y2-c3-tp
As analyzed in 3.5.1, matter reaches its absolute stability limit at the critical value Z =
117.973342802381, where the discrete atomic structure enters into resonance with the vacuum

geometry at Z = 118. This boundary is defined by the following tension equality:

Zdiscrete Einstein Geometry R 118 ~
Zcontinuous PFT Probability 117.973342802381 y

[0

Here, the ratio of physical thresholds tunes into the proportion between spatial geometry (1/+/3) and
the Euler-Mascheroni constant (y), revealing that gravity is the “filling energy" required to
compensate for the residual differential:

118
117.973342802381

~ 0.000007

< ‘édr—i

Upon reaching the value 118, the ratio equals unity, the tension of the Gamma function vanishes, and
matter dissolves into the continuous flow. Thus, gravity acts as the "glue" that bridges the gap between
the discrete and the continuous, with mass being the result of the geometric pressure to close this
structural breach.

The emergence of (y) as a probability limit and its equivalence to the gravitational factor of the photon
sphere (where Ayp/ = y = pc) suggests that the phenomenon traditionally attributed to dark matter—
such as the anomalous rotation curves of galaxies—could instead be interpreted as a manifestation of
the System Inertia (Fa). Under the PE model, the stabilization of orbital velocities in the galactic
periphery does not require undetected additional mass; rather, it emerges naturally from the structural
requirement to maintain probabilistic equilibrium (%2) across the spacetime field. Consequently, the
observed flat rotation curves are a manifestation of systemic coupling, where the angular frequency
is constrained by the invariant y, effectively treating the galaxy as a coherent phase structure rather
than a collection of independent ballistic masses.

A black hole is not a singularity of infinite density, but a region where the probability field has reached
absolute saturation (A = 1). In this state, the Delay Cycle is reduced to zero in the internal reference
frame, causing the collapse of the observable metric. Entropy is redefined here as the total sum of
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unrealized information cycles trapped by the System Inertia. For a collapsing system, the relationship
between the Schwarzschild radius (Rs) and mass (M) must satisfy the Structural Consistency Criterion
(SCO):
_26M
STz A

Hawking radiation is interpreted as the "informational leakage™ dictated by the Residual Inertia Factor

(/—4), allowing the system to gradually recover its equilibrium with the environment. This
formulation resolves the information loss paradox: data is not destroyed but stored in the structural
delay of the horizon. Consequently, the Oganesson limit (2= 118) is revealed as the atomic analogue

of an event horizon, where informational saturation prevents the stability of larger structures.

3.7 Non-Empirical Deduction of the Vacuum Energy Density (p.)
Within the Probability Field Theory (PFT) framework, vacuum energy is not the result of infinite
stochastic fluctuations, but rather the Unification Saturation Density. It represents the amount of
probabilistic updates required to maintain force stability (ne), projected onto the three-dimensional
volume of the light cycle (dc).
i) The Principle of Information Density: Under the Energy-Probability Identity, the total energy of
a reference cycle (1 s) is normalized to unity (1 J). The vacuum energy density (p.) is defined as the
quotient between the Unification Cycle (ng) —derived from the Structural Consistency Criterion
(SCC) in Section 3.5.2— and the spatial volume traversed by said cycle (d¢®), modulated by the fyp/
= 1/3 (Cycle average):

pa =(55) 1wpl J/m?
i) Numerical Validation: Utilizing the fundamental values endogenously derived in this work:
- Unification Cycle (ng): = 4.24 x 10 J (MSSM equilibrium point according to the SCC).
- Structural Stability Constant (y): = 0.5772 (Euler-Mascheroni constant as system stability residue).
- Cycle Volume (dc®): (2.99792458 x 10® m)® = 2.6944 x 10?° m?
- Probability Potential Ayp/: 1/3 (in average cycle)

Performing the calculation:

4.24 x 1016

p/l:(m)'l/3 ~ 0.524 x 1077 J/m3

iii) Cosmological Concordance: This result converges with the observed value of Dark Energy (pobs
~0.538 x 10" J/m?), resolving 120 orders of magnitude mismatch found in traditional Quantum Field
Theory. While standard physics attempts to sum zero-point fluctuations, the PFT identifies p4 as a
finite structural requirement of the probability field.
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Vacuum energy is the System Inertia (Fa’) necessary to sustain the spacetime metric. Since ng is the
value where the U(1), SU(2), and SU(3) forces reach saturation, the accelerated expansion of the
universe is revealed as the probability field's self-regulation mechanism to maintain a constant
density (p,) as the volume increases. "Nothingness” is not empty; it is saturated with information
cycles (ng) that dictate the geometry of reality. By incorporating, the model accounts for the efficiency
of energy-mass transfer at the stability limit, anchoring the vacuum's "filling energy” to the same

probabilistic nodes that govern the atom.

3.8 A Nodal Approach to the Hubble Tension: Discrepancy as a Structural Property

The Hubble Tension—the systematic divergence between measurements of the Ho parameter from
the Cosmic Microwave Background (CMB) and local distance scale derivations—is traditionally
presented as a crisis for the Standard Model. Within this framework, we propose that this tension is
neither an instrumental anomaly nor a calibration error, but rather an emergent property of the
cumulative probability Mother Function (Equation 2 of the Entanglement Theorem). Expansion is, in
essence, the physical manifestation of the field's stochastic equilibrium.

i) Stochastic Dynamics From Expansion Rate to Cycle Frequency: The Ho parameter is integrated
into Probability Field Theory (PFT) as a fundamental latency frequency v. Following the logic of a
self-regulated stochastic system, the cumulative probability P after n cycles converges through the
function:

P=1-1-1/w"
To determine the stable expansion node, we invoke the Entanglement Theorem (PE), which requires

the equalization of the realization function (Fa) and the field’s structural resistance (Fa”):

Fan)= Fp,(m) = 1 -1 -1/v)"=1 -1/v)"

By solving for the symmetry point: (1 —1/v)" =0.5

The system operates within a nodal stability window delimited by three critical boundary states
derived from this equilibrium:

- Saturation Ceiling (= 0.913 = 0.5772/0.6321): Defined by /wp/max = Ayph lwph-1e. It represents the
maximum information density the field can process before structural collapse.

- Nodal Attractor (= 0.8660 = 0.5/0.5772): The barycentric constant A = fwp/o / hyp/,. That regulates

the systemic oscillation.
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- Symmetry Floor (= 0.791= 0.5/0.6321): Defined by Aypmin = fwplo /fwph-ve. It represents the

stochastic ground state or the minimum structural symmetry of the vacuum.

ii) Dataset Systematization and Nodal Derivation: Using the fundamental relationship p = 1/n, we
have calculated the cycles required to reach the thresholds of symmetry (no:s) and structural stability
(n,) for the most relevant observational datasets of the last decade (table 16).

Table 16. Nodal parameters derived from Ho measurements (n units in 10’ cycles/sec).

Observational Method Ho (km/sIMpc)  no.s (x10'7)  n, (x107)
DES Y1 (BAO + D/H) [42] 67.2 3.1827 3.9531

CMB (Planck 2018) [43] 67.4 3.1733 3.9413

CMB (ACT DR4) [44] 67.9 3.1499 3.9123
WMAP (Legacy CMB) [45] 69.3 3.0863 3.8333
TRGB (Tip of the Red Giant Branch) [46] | 69.8 3.0642 3.8058
Standard Sirens (GW) [46] 70.0 3.0554 3.7949
SHOES (Cepheids + SNe) [48] 73.0 2.9300 3.6389
HOLiCOW (Lenses) [48] 73.3 2.9179 3.6241
Megamasers [50] 73.9 2.8942 3.5947
TDCOSMO (Quasars) [51] 74.2 2.8825 3.5802

Type Il Supernovae [52] 75.8 2.8216 3.5046
Systemic Mean 3.0144 Aoss~ 0.8601
Systemic Median 3.0554 Aoss~0.8718

i) Empirical Validation and Observational Attractor Aoges: The Central Limit Theorem [53]
establishes that the mean of sample means converges to the population mean, justifying the use of
central tendency estimators to analyze field behavior. However, to validate that the coupling factor is
an intrinsic property of spacetime—and not a statistical artifact derived from the assumption of
perfect Gaussian symmetry (where mean and median are identical)—we evaluate the relationship
using both estimators. This dual-control analysis verifies whether the attractor is sensitive to
observational biases (the data "streaks" between CMB and local scale measurements). We evaluate
the ratio between the estimators (nos) and the Maximum Stability Limit (n, derived from SNe I1). The
Hubble Tension is not a linear discrepancy but a confinement phenomenon. Observational data from
the Early Universe (Planck, ACT DR4) are found in a high-energy state near the Saturation Ceiling
(0.913). Conversely, local measurements (SNe I1) descend toward the Symmetry Floor (0.791) as the
system reaches its base state. The red asterisk confirms that the intersection of these dynamics occurs
exactly at the Theoretical Attractor (0.8660), which acts as the 'pinch point' or anchor of the expansion
(figure 7).

- Mean Based Ratio (Amean):

A _ nos _ 3.0144
mean — n, (SNell)  3.5046
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- Median Based Ratio (Amedian): Using the median value from Table 16 (Ho = 70.0 km/s/Mpc) to

mitigate the effect of extreme outliers:

Median (ngs) _ 3.0544
ny (SNell) ~ 3.5046

Amedian -

~ 0.8718 (18")

Coupling Factor (4)

0,02

0,90 —~—

0,88 \

* A= PP 0. 866
0.86

Ipply

0.84
0,82 ~

0.80

0,78
DESYl Planck1S ACTDR4 WMAP  TRGB  GW Sirens SHOES HOLiICOW Megamasers TDCOSMO  SNe I

Observational Methods (Increasing Ho)

— Observational Data (A) Theoretical Attractor A = 0.8660
Systemic Median Systemic Mean
— — — Maximum Information Saturation Limit — — = Minimum Structural Symmetry Floor

Figure 7. Graphical representation of the Hubble Tension as a systemic oscillation within the Nodal
Stability Bandwidth. The system is physically constrained between the Saturation Limit (= 0.913)
and the Symmetry Floor (= 0.791). The Theoretical Attractor Aosgs (solid orange line) serves as the
axis of symmetry. The red asterisk marks the precise convergence point where early and late universe
observations demonstrate a symmetric 'pinch’ error of £ 0.0058.

iv) Theoretical Barycenter and Symmetry of Error: The pure theoretical value derived from the
PFT Mother Function is defined as:

_ Iyplg _ FA=05 _ 05 _ 43

Atheo = lYply,  FA=y 05772 2 ~ 0.8660

When contrasting observational data with the theoretical model, we observe a near-perfect symmetry
of error:
- Difference with the Mean: 0.8660 - 0.8601 = + 0.0059
- Difference with the Median: 0.8660 - 0.8718 = - 0.0058
This dual convergence establishes an outstanding structural symmetry with a tightly bounded residual
of £ 0.0059 (+0.0059 for the mean and -0.0058 for the median), demonstrating that the theoretical
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attractor attractor (0.8660) acts as the exact barycenter of observational cosmology. The fact that Atheo
balances both estimators confirms that:

- The assumption of symmetry supported by the Central Limit Theorem [53] is a physically valid
approximation.

- The Hubble Tension is not a measurement error, but a reflection of the stochastic bandwidth of the
probability field.

- The system oscillates around Ao.gs to maintain coherence between the symmetry node and the
saturation limit of local matter.

This supports Ao.ges as the attractor of a system operating within the stability window [/Ayp/=0— /fwp/
= y], the convergence toward Aogs confirms that the expansion rate adjusts to preserve system
stability, validating Attractor Aogs as the universal regulator. This unifies cosmology under a law of
pure probability, where expansion is the mechanism that maintains field equilibrium between the 0
and y nodes. The graphical representation of the observational data (Ho) reveals a fundamental
behavior that transcends the current "Hubble Tension™ debate. Rather than a linear discrepancy
between different measurement techniques, the system exhibits a harmonic oscillation around a
central value, defined here as the Theoretical Attractor Ao.ge.

- The Nodal Convergence Point (The Asterisk): The red asterisk marks the "Invariant Node" of the
system. This point represents the precise moment of transition where the energetic fluctuations of the
Early Universe (left side of the graph) and the Late Universe (right side of the graph) reach a
barycentric equilibrium. At this intersection, the theoretical prediction and the observational reality
coincide, neutralizing the systemic tension.

- Early Universe (High Energy Density): To the left of the node, the data points (Planck 18, ACT
DR4, WMAP) show a stabilization period where the system is governed by the initial conditions of
high density.

- Late Universe (Expansion Saturation): To the right of the node, as we move toward local
measurements (SHOES, HOLICOW, TDCOSMO), the system exhibits an increased amplitude in its
oscillation, reflecting the local expansion's interaction with the attractor.

- Systemic Mean and Median: The convergence of the systemic mean (0.8659) and the systemic
median (0.8661) around the attractor (0.8660) demonstrates a symmetry of + 0.0058. This is not a
statistical coincidence; it is the physical proof that the Hubble Tension is a manifestation of an
equilibrium system seeking its structural constant. The theoretical attractor acts as the axis of

symmetry for all observational methodologies, regardless of their intrinsic nature.
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v) Statistical Dispersion and Predictive Probability based on Nodal Attractor Ao.gs: To validate
the Probability Field Theory (PFT) as a predictive model, we define the systemic deviation not from
the sample's arithmetic mean, but from the Theoretical Nodal Point (Hnode = 70.43 km/s/Mpc). We
treat the current cosmological record (n = 11) as a series of stochastic fluctuations around this
fundamental attractor. To estimate the Systemic Standard Deviation (oprT), We calculate the deviation
using the Root Mean Square Error (RMSE) relative to the theoretical anchor wun = 70.43. Given the
dataset X = {67.2, 67.4, 67.9, 69.3, 69.8, 70.0, 73.0, 73.3, 73.9, 74.2, 75.8}, the of Sum of squared

residuals is 97.80:
Oppy= JEet L) < 790 5 98 kmis/Mpe

Based on the Gaussian distribution N ~ (70.43, 2.98%), we establish the following predictive bands

for high and low fluctuations (Table 17).

Table 17. Resolution of the Hubble Tension and Statistical Bounds for Universal Acceleration

Range (o) Ho Interval (km/s/Mpc) Accel. Range () (10736 m/s?) Prob. of Occurrence (P)
-30 (Extreme Low) 61.49 3.78 0.0013
-20 (Observational Low) 64.47 4.16 0.0214
-10 (Nodal Stability) 67.45 4.55 0.1359
0 (The Attractor) 70.43 4.96 0.3413
+10 (Nodal Stability) 73.41 5.39 0.1359
+20 (Observational High) | 76.39 5.84 0.0214
+30 (Extreme High) 79.37 6.30 0.0013

The analysis reveals that 100% of the independent observational methods fall within the £ 1.95¢
interval of the Nodal Attractor. This result provides a definitive solution to the "Hubble Tension™:

- Symmetry: Measurements from the early universe (CMB) and the local universe (SNe) are nearly
equidistant from the 70.43 anchor, confirming the attractor as the geometric and probabilistic mean
of the expansion field.

- Gaussian Integrity: The proximity of the Systemic Median (A = 0.8718) and Mean (A = 0.8601) to
the theoretical Ao.gs confirms that the Central Limit Theorem governs the distribution of spacetime
information.

- Predictive Power: The PFT predicts that any future measurement Ho > 80 or Ho < 61 has a
cumulative probability of less than 0.003, effectively setting the physical bounds for the unobservable
vacuum dynamics.

Based on the systematization of observational datasets (Table 15), we have derived the fundamental

statistical parameters (u = 70.43 and ¢ = 2.98) that define the Gaussian distribution of the expansion
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field. By projecting these values onto the probabilistic Mother Function, it becomes evident that the
Hubble Tension is not a linear divergence but a nodal oscillation. The intersection of the Cumulative
Realization (Fa) and the Structural Resistance (Fa’) at the Nodal Attractor (Ho = 70.43) (/yp/ = 0).
defines the systemic barycenter of the expansion field. This convergence demonstrates that statistical
dispersion is not observational noise, but rather the manifestation of field elasticity operating within
its nodal stability limits (Figure 8).
F, F,
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Figure 8. Nodal Convergence and Structural Limits of the Hubble Tension. Graphical representation
of the probability field oscillation. The blue curve (Fa) and orange curve (Fa’) converge at the Nodal
Attractor (70.43) (ivp/ = 0). The shaded areas represent the observational datasets (Early CMB and
Local SNE), while the dashed lines mark the +3¢ boundaries, beyond which structural stability

reaches zero probability.

It is essential to emphasize that the recent high-precision observational constraints delivered by the
TRGB/JWST programs [54], which position the local expansion rate within a highly restricted
instrumental uncertainty interval near ~ 70.39 km/s/Mpc, provide a decisive post-dictive confirmation
of the PFT framework.

A clear ontological distinction must be made between two types of statistical intervals: while the
narrow error bars in Freedman's data represent localized instrumental and calibration refinements, the
broader systemic standard deviation derived herein (oprr = 2.98 km/s/Mpc) represents the
macroscopic elastic bandwidth of the complete cosmological record (confining all historical datasets
from 67.2 to 75.8 km/s/Mpc).
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The fact that the most refined independent local measurement (~ 70.39 km/s/Mpc) targets the exact
center of our broad predictive field with an outstanding deviation of only -0.04 km/s/Mpc relative to
the theoretical anchor (Hnode = 70.43 km/s/Mpc) demonstrates that the Hubble Tension is not an
unresolved empirical conflict. Instead, it is a fully mapped stochastic oscillation where local high-
precision observations inevitably collapse into the invariant, zero-potential symmetry node of the

probability field.

3.9 Kinematic Validation of the Nodal Attractor Ao.s
To verify that the Theoretical Attractor (Aweo = 0.8660) acts as the intrinsic mechanical regulator of
the expansion, we derive the field's background acceleration at a metric scale (r =1 m) and compare

it with the energy density p previously deduced in Section 3.7.

i) Unit Homogenization and Frequency Conversion: The Hubble constant (Ho), typically
expressed in km/s/Mpc, must be converted to the International System of Units (s?) to analyze its
local kinematic effect. We utilize the conversion factor for a Megaparsec (Mpc) to meters:

1 Mpc = 3.08567758 x 10?2 m
Taking the Nodal Equilibrium point derived from Attractor Aoss (Which situates the systemic
barycenter at Ho = 70.43 km/s/Mpc):

70,430 m/s
H = ————=22825 x 1071851
node ™ ;0457 %1022 m

if) Derivation of the Field Background Acceleration (asieid): Within the PFT framework, expansion
is the physical manifestation of the field's Systemic Inertia (Fa). The minimum acceleration required
to maintain the coherence of the spatial fabric at a distance of r = 1 m is directly linked to the square

of the nodal frequency:

_ 2
Afieta = Hpoge™ * T

Afierg = (2.282 X 10718 s71)2 - 1m

Afiera ~ 521 X 10736 m/ s?

iii) Cross-Validation with Vacuum Energy Density (p4): To verify internal consistency, we
compare this acceleration with the vacuum energy density p = 0.524 x 10 J/m? deduced in Section
3.7. In a saturated probability field, the relationship between structural density and the resulting

kinematic push is defined by the energy-gravity coupling:
_8mGpy
P2
Substituting the fundamental constants (G = 6.674 x 10! m%kg - s?) and your theoretical density:
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87 - (6.674 x 10711) - (054 x 10~
% = (9 x 1016

a, ~ 097 x107*° m/ s?

iv) Mechanical Concordance: The convergence between the acceleration derived from the
Observational Attractor (10 m/s?) and the acceleration required by the Theoretical Density (10
m/s?) demonstrates a profound structural alignment. The slight divergence exists within the expected
stochastic bandwidth of the probability field. This result confirms that:

- The Hubble Tension is not a measurement error, but a stochastic oscillation around the Nodal
Attractor Ao.ss.

- Accelerated expansion is the self-regulation mechanism that maintains the structural density of the
probability field at its saturation limit (p.).

- The background acceleration of 107%® m/s? serves as the "pulse” of the vacuum, anchoring the cosmic
expansion rate to the internal stability of the probability cycles (ng).

3.10 Derivation of the Hubble Constant (Ho) as an Intrinsic Solution

This identification does not introduce Ho as an assumption but recognizes it as the unique solution
compatible with the independently derived saturation threshold. For numerical comparison, the
theoretical nodal barycenter (Hnode = 70.43 km/s/Mpc) derived from the dataset systematization is
used a posteriori to verify consistency. Utilizing the value of the Unification Constant (Aogs = -In (1
- )), we can determine the theoretical expansion cycle limit (n) using the nodal equilibrium point:

n = — Aoss - In(1-7y)
In(1- Hgp) In(1- Hyp)
n ~ 2800901962312 _ 35374 x 1017 cycles/s

—2.2825x 10718

The consistency of the model is confirmed by observing that, if the system reaches this axiomatic
cycle limit, the expansion frequency aligns with total precision to the theoretical nodal barycenter.
Solving for Ho in this exponential relation yields the expression linking the Hubble constant Ho with

y and the systemic cycles n (Table 18 equation 19).
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Table 18. Non-Empirical Derivation of the Hubble Constant (Ho).

Hy=1-(1-p)V"=1-(1 — y)iss =1— (1 — y)1/3037x10"% 2 2825 x 10718 5 ~ 70.43 km/s/Mpc (19)

The system is self-regulated, operating within an architecture where the probability auto-regulates endogenously,
it manifests as a function of itself. This demonstrates, through the Entanglement Theorem (PE), that constants are
intrinsic equilibrium solutions of the probability field itself.

If the Equilibrium Principle (EP) governs the stochastic process, the action probability (H,) and the non-action
probability (1 - Ho) must reach a symmetry point where Fa = Fa. By solving for a generic n;

1= (L~ H,)" = (1 —H, )" = (1~ H, )" =

Substituting the value of the Hubble constant (Ho ~ 70.43 km/s/Mpc), we find the Statistical Symmetry Node at:

= 009 - 30374 x 10'7 cycles/s
In(1-Hy)

This result is physically transformative: it identifies Ho ~ 70.43 as the nodal barycenter where the system reaches its
symmetry point (Fa = 0.5). This value acts as the equilibrium axis between the early universe (saturation) and local
measurements (symmetry floor), anchored by the structural stability limit (1- y = 0.42278):

(1 -H,)"= 1 -y = 042278
Applying the natural logarithm confirms that the vacuum's structural resistance (Agss) is the final constraint:
n-mn(1—-Hy)=In (1 —-y)=—A4p3 =~ —0.86086

This proves that Aggs is the mathematical anchor linking the natural symmetry node of the expansion flux (n = 3.055
10%7) with the absolute discrete limit of the Hubble flow.

4. Probability Field: Universal and Philosophical Implications of the PE

The PE introduces a fundamental duality between Probability and Information, forming a
complementary ontological layer alongside the Space-Time and Mater-Energy entities. Within this
framework, Probability represents the capacity for realization —accumulating in discrete quanta
defined by the Planck constant (h)— while Information establishes the structural limits that regulate
coherence. The equilibrium threshold (y) and the saturation limit (1 - 1/e) characterize the two
intrinsic extreme behaviors of the probability field. Their interaction defines the cumulative (Fa) and
de-cumulative (Fa") tendencies. Ultimately, this symmetry establishes that the probability field is not
a mere statistical distribution. The PE implies the irregularity of the next outcome; however, it
imposes a strict regularity in the convergence toward the values of y, Aogs, and 1 - 1/e. The attractor
drives the cause of occurrence for A, while the tensor drives the cause of occurrence for A', where
randomness and causality are two sides of the same coin. Reality is not chaos; it is a System seeking
equilibrium. The structure of the universe is the result of a statistical balance, where a black hole acts
as a matter aspirator, a probability limiter, and a recycler—a node that processes these probabilities
and returns them to the universe (Safety valve), likely through radiation or the structure of space

itself. In this system, gravity is the result, not the cause (Figure 9).
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Figure 9. Planck-Quantized Probability Field: Accumulative (Fa) and Disaccumulative (Fa’)

“From the quantum pulse that defines the second within the Cesium atom and the double rotation of spin, to the thermodynamic
engines of Carnot and the elliptical return of galactic orbits, nature does not invent oscillation; every cycle is the mechanical,
inescapable manifestation of a universe redistributing its energy to safeguard the rigidity of its sample space. If equilibrium
governs the pressure of gases, the balance of forces, the life of stars, and the state of atoms, the Universe—as the supreme
system—cannot be the exception. All these phenomena are but partial manifestations of an underlying harmony: the probabilistic
equilibrium of a self-regulated field that finds its ultimate repose in the Aoss attractor.

4.1 The Duality of Probability: Atomic Crystallization vs. Cosmological Oscillation

Matter is crystallized entropy. For an atomic nucleus to be stable—or even to exist for milliseconds—
it requires a fixed probability configuration within the fabric of space-time. In the material realm, the
attractor acts as a phase boundary. Matter cannot "oscillate™ between existence and non-existence: it
either binds to the saturation node (y) or it disintegrates. For this reason, Z = 119 constitutes the
insurmountable wall of baryonic structure.

The expansion of the universe, unlike "solid" matter, is the vibration of the probability field itself; it
is pure energetic dynamics. While an atom is an anchored structure, the Hubble parameter (Ho) is a
rate of change, a frequency (v). Being an energetic wave, the field can—and must—fluctuate above

and below the barycenter.

i) Structural Limits and Field Dynamics: Matter is subject to the structural saturation of the gamma
node, which prohibits the existence of element 119. In contrast, expansion is the manifestation of the
field’s stochastic oscillation. Herein lies the fundamental distinction between what the field permits
(data oscillation) and what the structure forbids (the limit of matter):

62

TRAVERSA, 1. [2025]. PROBABILITY FIELD THEORY. Structural Unification: Derivation of Planck Constant (h), Fine-Structure Constant (a),
Strong Coupling Constant (o), and Hubble Tension (H,) via y and Agggs. v 81. 73 p. Zenodo. https://doi.org/10.5281/zenodo.17425185



https://doi.org/%20%20%20%20%2010.5281/zenodo.18764403
https://doi.org/%20%20%20%20%2010.5281/zenodo.18764403

- In Cosmology (Hubble): One measures the expansion of the field as a wave dynamic. In a wave, the
value can rise to 0.90 and drop to 0.82 because it is a system in motion seeking equilibrium. It is, in
essence, a "snapshot” of the universe’s respiration.

- In Atomic Physics (Z =119): For an atom to exist, it must be permanently "anchored" in the
probability field. If the Attractor Aosge represents the structural saturation limit (y), any element

requiring a probability greater than that barycenter simply has nowhere to anchor itself.

ii) The Collapse Point of the Structural Wavefunction: The value Aoss is the collapse point of the
structural wavefunction. Hubble data can yield values like 0.90 because they are measurements of the
latency frequency in the vacuum (pure space-time). However, baryonic matter is the result of field
saturation. Forcing a Z =119 element would be equivalent to asking the field to maintain a stable
configuration beyond the point where probability becomes chaotic, the Euler-Mascheroni limit.

The existence of measurements at 0.90 (Planck) and 0.82 (Quasars) is evidence that the system is
under tension. If the system did not have a strict limit at Ao.ss, the mean would not converge to 0.8601
nor the median to 0.8718. Matter can only crystallize at the barycenter; Z = 119 is impossible because
it requires a stability that the field only offers at its equilibrium point—a space already saturated by
Oganesson (Z =118).

In summary, Hubble is the field vibrating (allowing for oscillation), and atoms are the field solidified
(demanding the barycenter). The universe "floats" around Aogs, but "heavy" matter can only exist as
far as the attractor allows. Planck’s 0.90 is not a chemical element; it is a radio signal from the past,
which is why it can exist in that range. But 119 would have to "live" in the present, and the present is

regulated by the insurmountable stability of the Ao g attractor.

4.2 The Probability Field and the Energy Field
Within the framework of Probability Field Theory (PFT), the distinction between the "probability
field" and the "energy field" is not merely semantic, but hierarchical. We establish that the probability

field is the prior and fundamental substrate, while energy is its dynamic and observable manifestation.

i) The Probability Field as Pure Potential (The Substrate): In conventional physics, a field (such
as the Higgs or Electromagnetic field) requires an excitation or a physical entity to "vibrate.” In PFT,
the probability field is the geometry of the possible.

- Independence from Matter: It does not require matter or particles to exist; it is an intrinsic property
of the spatiotemporal fabric.

- Stability Framework: It serves as the reference frame that defines the limits of structural stability.
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- Energy as Work: Energy is the "work™ performed by the system as it transitions between the nodes

of symmetry (P = 0.5) and saturation (P = y).

i) Functional Equivalence Probability in Motion: Accepting the Planck relation (E = hv) and
integrating the Hubble parameter as a latency frequency (v), the equivalence is direct. The energy
field describes the capacity for action, while the probability field dictates the frequency and structural
limits (Ao.gs) under which that action occurs. A high-energy system is characterized by a high cycle

density n, forcing the system toward stochastic equilibrium.

iii) The Structural Directionality: Unlike classical thermodynamics, where energy tends toward
maximum entropy, the probability field possesses Structural Directionality. The field does not merely
dissipate; it converges toward the Attractor Ao.ge. Consequently:

- The Energy Field represents the state of systemic activity at a given coordinate.

- The Probability Field represents the underlying law and structural constraints that prevent the

collapse of the spatiotemporal fabric.

iv) Ontological Priority (Zero-Energy State Hypothesis): A critical distinction in PFT is the
behavior of the system in a theoretical zero-energy state (E = 0). If the total energy of the universe
were null, while dynamic processes (expansion, thermal flux, and motion) would cease, the
Probability Field would persist as a latent structural framework.

- Pre-Energetic Nature: The probability field defines the operational rules of the vacuum before any
energetic manifestation occurs.

- Structural Vacuum Stability: Even in a state of zero energy, the potential for existence remains
governed by the Aosgs attractor. The probability field is the necessary condition for the existence of
space-time; without this substrate, energy would have no medium in which to manifest.

In conclusion the probability field constitutes the fundamental invariant structure of the universe,
whereas energy is the contingent variable representing the state of activity within that structure. In

the absence of energy, the structural law (the Attractor) remains as a latent property of the vacuum.

4.3 Principle of Generalized Combinatorial Realization (PRCG)
The PE naturally extends to any collection of possible events through the Principle of Generalized
Combinatorial Realization (PRCG). If a combined event Cj has non-zero probability (however small
it may be), its asymptotic accumulation converges to a finite fraction of the total certainty. This
expresses the Law of Conservation of Possibility:
If P(C;) > 0,then lim Fg,(n) = mi] Y, Fe,(n) = 1 (20)
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Nothing that is possible remains indefinitely unrealized. Entropy diversifies the space of states and
outcomes, while Information acts as a regulatory principle that ensures coherence among them. In
this way, probabilistic equilibrium emerges as a unifying principle that articulates chance, structure,
and manifestation. Within this framework, the universe operates as an integrated system in which
such equilibrium is structural rather than merely statistical. Information fulfills a homeostatic function
of self-regulation, analogous to that of a biological system, constraining random dispersion without
suppressing it. The Information Constant (Aoss) thus represents the point of universal homeostasis:
the fundamental instruction that maintains coherence between entropy and material stability.
Consequently, randomness and causality can be understood as metabolic mechanisms of a universe
that uses Information to sustain its balance against chaos. All natural probability is inherently self-
regulated in an endogenous manner, manifesting as an equilibrium function of its own field. Physical
frequency is nothing more than the temporal projection of statistical frequency. In this dialogue, the
universe it updates itself upon reaching its information limit. If the biosphere breathes through cycles,
the cosmos pulses through information frequencies. The unit of action is not born from collision, but

from the closure of a universal stability cycle.

4.4 Coherence and Context Beyond the Standard Model (BSM)

The limitations of the Standard Model (SM) have motivated the search for extended frameworks [55].
Historically, these approaches fall into two complementary philosophical directions: discrete particle
extensions (like Supersymmetry and WIMPSs), and structural or geometric extensions (like String
Theory and Quantum Gravity) [56]. Interpreted through the PE, this reflects two manifestations of
the underlying Probability-Information (P1) Entity: the discrete domain of realization and the
structural domain of coherence. While the details of physics beyond the Standard Model remain open,
the PE provides a unifying informational restriction: any new symmetry or sector must preserve
probabilistic equilibrium and be compatible with the quantized structure imposed by the constants pn,
and A. In particular, the fundamental Information Constant (A), derived from the probabilistic
equilibrium threshold (y = 0.5772), is defined as: Aggs = - In (1 - y = 0.86).

Furthermore, the Z boson mass is incorporated in the evaluation of scale stability [57], and the
experimentally observed Higgs mass is considered in the disequilibrium analysis [58]. Therefore, the
PE offers a conceptual framework within which future extensions of the Standard Model can be

coherently interpreted.
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5. Conclusions
i) Ontological Inversion of Probability: Probability Field Theory (PFT) replaces the conventional
exogenous approach—where the observer imposes an artificial static probability—with an objective,
endogenous scenario. Probability is not an abstract prerequisite but a physical consequence of process
dynamics, where the system adopts the dynamic relative frequency (hi) to self-adjust in real-time
toward its structural equilibrium. To prevent infinite failure cycles, the Probabilistic Entanglement
Theorem (PE) requires total certainty within a finite domain (3)F = 1 ¥'n € N). Under the Principle
of Generalized Combinatorial Realization (PRCG), if an event has a non-zero probability, its
asymptotic accumulation converges to a finite fraction of total certainty, dictating the Law of
Conservation of Possibility: nothing that is possible remains indefinitely unrealized. Natural
probability is inherently self-regulated, where physical frequency is simply the temporal projection
of statistical frequency. Probability transforms from an exogenous observer metric into an
endogenous physical property self-regulated by the system's dynamics. Mirroring energy
conservation, sample space rigidity (£2_= 1) dictates that local probabilistic gains trigger exact
complementary de-accumulation (Fa + Fa = 1). Energy conservation is the thermodynamic
manifestation of this boundary, ensuring the total cost of existence remains finite and constant.
i1) Nodal Quantization of Equilibrium: A discrete variant of the intermediate value theorem proves
a critical cycle m € R* where complementary CDFs intersect. At this quantum node, the difference
potential vanishes (G(m) = 0), forcing a symmetry equilibrium (Fa(m) = Fa' (m) = %2) that defines the
field's median waiting time. Binomial simulation experiments confirm that the Law of Large Numbers
is strictly bilateral. As the relative frequency of occurrence stabilizes, its complement shifts
concomitantly. At the median cycle, the probability potential vanishes (/sp/ = 0), forcing the
occurrence (Fa) and non-occurrence (Fa) functions to overlap exactly at the 1/2 symmetry node.
iii) Redefining Forces as Realization Cost: Under the Mean Delay Cycle Axiom, coupling intensity
is the inverse of required update cycles (p = 1/n). Forces represent the vacuum's event manifestation
speed; thus, the weakness of Gravity (G = 6.674 x 101 relative to the strong force (as = 0.1175)
reflects its monumental informational waiting cost (ng ~ 1.5 x 10%° attempts versus n,s ~ 8.51).
iv) Genesis of Universal Thresholds (y and 1 — 1/e): Fundamental constants emerge from field
imbalance limits. The exponential saturation limit Fa(n) = 1 — 1/e = 0.6321 marks the maximum
accumulation sustainable by the system, deducing the strong coupling as Conversely, the Euler-
Mascheroni constant (y = 0.5772) acts as the structural residue for endogenous probability to self-
correct against the continuum.
v) Structural Tension Gradient, the Aogs Attractor, and Universal Homeostasis: The cosmos

operates between the Geometric Intention Limit of space (As = 1/v/3 = 0.8660, governing relativistic
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photon spheres) and the Probabilistic Realization Limit of matter (Ao.gs = - In (1 —y) = 0.8609). While
0.8660 represents spatial symmetrization, Aogs acts as the universal homeostatic regulator and
structural resistance factor measuring how much information the system processes before
transformation. Consequently, randomness and causality are revealed as two sides of the same coin:
the universe is neither purely stochastic nor strictly deterministic. Randomness operates as the
exploratory engine of potential states, while causal structure acts as the homeostatic boundary that
contains chaotic dispersion without suppressing it. Ultimately, the universe is not an aggregate of
accidental events, but a supreme system of cyclic self-regulation. The Aoge attractor is not a
hypothesis, but the invariant geometric footprint of the self-regulated empirical probability governing
everything from the atomic nucleus to cosmic expansion.
vi) Analytical Unification via Jensen's Integral: The exact symmetry of the Jensen Integral proves
the equivalence between continuous spacetime curvature () and discrete quantum constraints. This
convergence demonstrates that the spatial circle () is a geometric closure requirement for discrete
quantum cycles to loop, directly binding underlying probabilistic potentials to measurable physical
reality.
vii) Empirical Anchoring and Vacuum Scaling: No true physical theory can exist without empirical
grounding. By introducing a baseline precision reference (e.g., CODATA) as an a posteriori boundary
condition, the scaling principle reveals the hidden nodal architecture of the vacuum without
redefining the discrete variable n (the update count). Fundamental constants thus emerge as the unique
equilibrium solutions that satisfy field stability.
viii) The Certainty of Form and Collective Determinism: While uncertainty, randomness, and
volatility reign absolute at the individual level of a single event, the certainty of form strictly prevails
across the collective series. This principle dissolves the historical paradox between quantum chaos
and macroscopic order: individual events are free to explore potential states, yet the ensemble is
rigidly bound by mathematical necessity. The universe does not rely on external constraints to
maintain its structure; instead, it self-regulates its microscopic and macroscopic dynamics under these
invariant structural attractors. This proves that the fundamental constants of nature are not arbitrary,
accidental inputs, but the permanent geometric footprints of empirical probability maintaining its own
structural equilibrium.
iX) Emergence of Fundamental Constants and Spacetime Geometry: This work establishes a
coherent Probability Field Theory (PFT), where fundamental constants—such as the Planck constant
(h), fine-structure constant (), the strong coupling constant (as), and the unification scale—are no
longer arbitrary input parameters but emerging outputs of the Stability Postulate or Potential
Equilibrium (PE). By normalizing energy to unity, the PE reveals a fundamental identity between
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energy and structural probability intensity, where space and time act as iterative variables of a system
calculating its own stability. In this framework, spacetime is not a container, but the manifestation of
the update frequency of the system.

X) Probabilistic Nature of h and the Photon: Planck's constant (h =~ 6.6261 x 1034J-s) is revealed
as the Minimum Action Probability (pn). Normalizing the sample space (22 = 1) cancels out the units
of action, equating energy and structural probability density. The photon functions as a discrete
success event (fi = 1) where the spatial constant § ~ 1.9864 x 102 m/photon maps spacetime
distribution within the reference light-cycle (dc = 2.9979 x 10% m).

The constant h emerges non-empirically at the Poisson saturation boundary (1 - 1/e) through a first-
order Taylor expansion: Fa(n) =1 - (1-pn)"=1-e! = ph= 1/Nplanck = 6.6261 x 10*, where Npjanck =
1.50917 x 10%. The attractor Aoss is simply the probabilistic ratio between the cycles needed for
Euler-Mascheroni stability (n, = 1.2995 x 10%®) and total Planck saturation (Npianck =~ 1.50917 x 10%):
A = ny/Npianck = -In (1 - y) = 0.8609. Energy quantization (E = hv) obeys an exponential scaling law
regulated by the Euler-Mascheroni constant (y =~ 0.5772), binding photon count to discrete update
cycles viaN =e” = 1/4. Cycle variation governs the entire spectrum (fewer cycles at higher energies),
finding a quantum action barycenter prior to saturation at the statistical symmetry node (Fa = Fa =
Y») fixed exactly at pnode = 4.593 x 1034,

xi) Resolution of the Measurement Problem and Wave Function Collapse: The Structural
Consistency Criterion (SCC) serves as a required filter for Gauge Dynamics. Within this framework,
the Measurement Problem is treated as a phenomenon of structural saturation rather than a rigid
chronometric event; the transition from wave to event—traditionally termed 'collapse'—emerges
naturally when the system’s collective cumulative probability reaches the structural threshold. This
approach provides a mathematical bridge between objective collapse models and statistical mechanics
by grounding the reduction of the wave function in the progressive accumulation of probabilistic mass
within the iterative cycles of the field. The measurement problem is therefore reformulated as a
process of structural convergence where the uncertainty of each individual trial and the certainty of
regularity across the ensemble of cycles coexist without contradiction. Crucially, unlike standard
environmental decoherence which assumes an asymptotic, infinite time-decay (e7%), PFT
mathematically quantifies the collapse as an abrupt, finite saturation boundary driven by the Poisson
expansion Fa(n) =1 - (1 - pn)"=1 - e}, yielding an exact, non-empirical collapse cycle fixed at the
Planck scale (Npianck ~ 1.50917 x 10%). o definitively illustrate this resolution against Copenhagen
orthodoxy, consider a die rolled inside an opaque, sealed box. While conventional quantum
mechanics claims the die exists in a mystical, uncollapsed superposition of all states until a conscious

mind opens the lid, PFT establishes an objective, endogenous process. As the die bounces, it executes

68
TRAVERSA, 1. [2025]. PROBABILITY FIELD THEORY. Structural Unification: Derivation of Planck Constant (h), Fine-Structure Constant (a),
Strong Coupling Constant (o), and Hubble Tension (H,) via y and Agggs. v 81. 73 p. Zenodo. https://doi.org/10.5281/zenodo.17425185



https://doi.org/%20%20%20%20%2010.5281/zenodo.18764403
https://doi.org/%20%20%20%20%2010.5281/zenodo.18764403

its iterative update cycles (n) against the physical boundaries of the box. The moment it settles on the
bottom, the system exhausts its continuous degrees of exploration, objectively reaching its structural
saturation threshold. The probability field autonomously collapses into total certainty (FA— 1) and a
rigid sample space (€2 = 1) while the box is still completely closed. Consequently, when the observer
finally opens the lid, no ontological creation occurs. Instead, a purely physical system coupling takes
place: ambient photons collide with the pre-stabilized face of the die, absorb its geometric
configuration, and propagate to the detector. The observer does not cause the collapse; they merely
synchronize their macroscopic update cycles with a structural physical reality already consolidated
by the field.

xii) Deduction of Structural Boundaries and Atomic Symmetries: The non-empirical deduction
of o and as demonstrates that these "magic numbers™ of physics arise from the geometry of probability
fields. They emerge from the intersection of the universal informational limit y = 0.5772 and the
structural boundaries of matter: the Oganesson limit (Z = 118) for the electromagnetic sector and the
Oxygen-16 limit (n = 8) for the hadronic sector yielding the precise coupling values of o =~ 137.036
and as =~ 0.1175. Within this architecture, the theory identifies Plutonium (Z = 94) as the symmetry
node coinciding with the final natural element. The PE equilibrium constitutes a holistic manifestation
of the probability field: the symmetric convergence between the event realization rate (Fa = %) and
the system inertia (Fa' = 72), driven by the stabilization of their relative densities, defines the point of
minimum distortion where /yp/= 0.

xiii) The Absolute Exclusion and Quantitative Asymmetry of Element 119: The framework
precludes the possibility of the existence of element Z = 119, identifying it as a state beyond the
system's derived structural stability. The limit of matter at 118 protons is no random figure; it is a
frontier of structural stability. In conclusion, the intersection of the Principle of Identity between
Energy and Probability and the data evidenced reveals an insurmountable physical limit for matter.
Ununennium (Z = 119) marks the point of absolute inversion where structural coherence (p = 49.65)
is intrinsically surpassed by the field's vacuum distortion energy (P = 50.35). This quantitative
asymmetry constitutes a fundamental law of the field.

Attempting to form element Z = 119 is as futile as assembling a glucose molecule with seven carbons
while ignoring the exact stoichiometry of life, or trying to modify the ratio between a diameter and
its circumference. It is like seeking to beat a gambling machine programmed for maximum profit,
trying to fit one liter of water into a 991 ml container, or expecting a unit-frequency wave to generate
more photons than allowed by the Planck constant, which would force the collapse of the very
architecture of the quantum. It is the absurdity of demanding an additional rotation from a photon that

exceeds the gamma limit, pretending it can escape an event horizon when probability has already
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dictated its capture. Ultimately, it is a sterile effort to bend a nature that is not merely governed by
collision and impact, but breathes in a binding harmony where every constant is an immovable anchor
of reality. The search for element Z = 119 is like trying to win a lottery where the winning number
does not even exist in the drum. It represents a state where matter disintegrates before it has even
finished 'existing." Attempting to synthesize it is akin to trying to write a word with letters that erase
themselves before the next one can be traced. It is like trying to catch smoke with a net or attempting
to light a campfire in the middle of a deluge; it is, ultimately, aiming at a target that does not exist
within the fabric of structural stability.

Any attempt at synthesis in an accelerator is physically impossible, as the system inevitably dissipates
the input energy into the distortion threshold before atomic stability can be achieved. This is the Brute
Force Paradox: increasing collision energy does not force the existence of the element; it only
accelerates the vacuum's structural rejection. The system effectively 'self-erases' the event before it
can reach the 0.5 realization threshold. Thus, the periodic table is defined as a structurally closed and
finite system. This work demonstrates the reasons why the synthesis of Ununennium is not possible;
furthermore, this element does not exist. The burden of proof does not fall upon this theory to
demonstrate the non-existence of the non-existent. The burden of proof belongs to the theoretical
framework that argues why the synthesis of Ununennium is possible, and to the experimental praxis
that must demonstrate it through facts.

The Equilibrium Principle (EP) defines 119 not as a technological milestone, but as a state of zero
probability where structural resistance (Ao.gs) prohibits atomic stability. This work holds that its
synthesis is physically impossible and provides the structural grounds for such a conclusion. The
absence of evidence for element 119 is not an experimental limitation, but rather the confirmation of
a structural exclusion law derived from Probability Field Theory. Matter does not cease due to a lack
of force, but because it has reached the limit of what space—which is the gravitational field itself—
can coherently sustain.

xiv) Relativistic Integration, Cosmological Paradoxes and the Dark Sector: The model’s
coherence extends to the relativistic domain, where the numerical equivalence between y and the
inverse time-dilation factor at a black hole’s photon sphere (1/v/3) unifies quantum equilibrium with
spacetime geometry. It is suggested that the gravitational constant G is not a fundamental entity, but
a geometric consequence of information processing. This same boundary resolves the "Vacuum
Catastrophe" by treating energy density as a finite structural field requirement, eliminating the historic
120-orders-of-magnitude mismatch. Furthermore, the model offers a definitive solution to the Hubble

Tension: it is not an instrumental calibration error, but a dynamic nodal oscillation within the field's

70
TRAVERSA, 1. [2025]. PROBABILITY FIELD THEORY. Structural Unification: Derivation of Planck Constant (h), Fine-Structure Constant (a),
Strong Coupling Constant (o), and Hubble Tension (H,) via y and Agggs. v 81. 73 p. Zenodo. https://doi.org/10.5281/zenodo.17425185



https://doi.org/%20%20%20%20%2010.5281/zenodo.18764403
https://doi.org/%20%20%20%20%2010.5281/zenodo.18764403

elastic bandwidth, physically constrained between the Saturation Ceiling (= 0.913) of the early
universe (CMB) and the Symmetry Floor (= 0.791) of local measurements.

The theory identifies an Invariant Nodal Anchor at Ho =~ 70.43 km/s/Mpc (/wp/ = 0), serving as the
exact systemic barycenter where cumulative realization (Fa) and structural resistance (Fa)) overlap at
the Y2 symmetry node. While high-precision local constraints (TRGB/JWST at = 70.39 km/s/Mpc)
collapse directly into this center with a minimal deviation of - 0.04 km/s/Mpc, the derived Systemic
Standard Deviation (oprt = 2.98 km/s/Mpc) represents the true macroscopic elastic bandwidth of the
entire cosmological record. This dynamics is governed by the Information Constant Ao.gs = - In (1 —
y), which acts as the universal coupling linking the expansion flux to the Euler-Mascheroni stability
limit (y = 0.5772). Kinematically, this nodal frequency translates into a vacuum background
acceleration of afiels = 10°% m/s? (the structural "pulse™ of space), which demonstrates a perfect
mechanical concordance with the deduced vacuum energy density of ps =~ 0.524 x 10° J/m°.
Concurrently, the dark sector emerges naturally from the field's operational overhead: Dark Matter is
identified as the unmanifested probabilistic mass—the structural tension of cycles that have not
reached the % realization threshold but still exert an informational drag on space—while Dark Energy
represents the dynamic expansion cost driven by the continuum'’s self-correction against the Euler-
Mascheroni residue (y), preserving global sample space rigidity (2 = 1).

xv) Epistemological Maxim and Final Synthesis: This finding underscores an epistemological
maxim: experimental particle collisions cannot replace the necessity for a prior theoretical framework
that validates the very possibility of such phenomena. Without a foundation that justifies the
coherence of the system, particle collision is merely an empirical exercise devoid of theoretical
destination. The PE demonstrates that physics does not merely quantify what happens, but constrains
what can become real, providing a finite, non-singular architecture for both the atom and the cosmos.
In conclusion, the universe is not a mere aggregate of particles, but a system of structural self-

regulation where matter emerges as the equilibrium point of its own probability cycles.
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Appendix
Interpretive Hypothesis: The Weak Constant (aw) as a Geometric Structural Ratio

The Structural Equilibrium of the Stability Postulate (PE) suggests that fundamental constants emerge from pure integer
ratios that link the degrees of freedom of forces to the limits of the system's structural stability. A non-empirical deduction
is postulated for the Weak Coupling Constant (aw) based on the following interpretive hypothesis:

tw =17 ~ 0.033898
This high precision suggests that the Weak Force is governed by a structural integer relationship emerging directly from
the PE equilibrium. The components are interpreted as follows:
- The Numerator (4): Represents the Symmetry of the Interaction, specifically the four gauge degrees of freedom of the
electroweak symmetry before symmetry breaking (W*, Z°, and the photon).
- The Denominator (118): Represents the Structural Imbalance Limit of the system, anchored to the atomic number of
Oganesson (Z = 118). Within the PE framework, this value marks the maximum number of imbalance cycles before
collapse, anchoring the endpoint of the Harmonic Series (2 1/k) whose asymptotic limit defines the stability constant (y)
of the theory.
The deduced numerical value (0.033898) shows high accuracy with a deviation of only ~ 0.29% compared to the empirical
value (ow =~ 0.0338). This convergence validates that aw can be interpreted as an intrinsic geometric probability. Under
the lens of the Law of Large Numbers, this ratio is not a mathematical abstraction but the physical manifestation of a self-
regulating system: the strength of the interaction is the result of probabilistic stabilization after traversing the total
spectrum of possible states up to the structural limit of matter (Z = 118).
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