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1. Introduction
Our understanding of the universe’s geometry and its 

governing mathematical laws is often constrained by human 
perception. For centuries, we have relied on systems like 
Cartesian coordinates, despite the more universal applicability 
of polar coordinates and trigonometry. These limitations have 
shaped our approach to mathematics and its connection to 
natural events and entities. Central to this exploration are 
constants like π and i, which serve as the foundation for wave 
equations, Fourier series, and quantum mechanics. These 
constants are not merely numbers but represent universal 
physical phenomena embedded in energy states and atomic 
spectra. The Riemann Hypothesis, with its intricate connection 
to prime numbers and universal symmetries, exempliϐies 
the gaps between human mathematical constructs and the 
universe’s true structure. 

By revisiting the Riemann Hypothesis through the lens 
of universal “CPT” symmetry breaking, this study proposes 
a new interpretation that bridges these gaps. Symmetry-
breaking phenomena, such as those found in the spontaneous 
violation of “CPT,” align with the Riemann zeta function’s 
structural intricacies [1,2] (Figure 1-1, 1-2). Furthermore, the 
reinterpretation of “i, j, k” in quaternion mathematics and their 
role in unseen energetic coordinates highlights the hidden 
complexity of universal mathematics (Figure 1-3). This study 
challenges traditional notions of imaginary numbers and 
redeϐines their signiϐicance within the Riemann zeta function. 

Ultimately, this research aims to connect prime number theory, 
universal constants, and mathematical physics, providing new 
pathways for understanding the universe’s energy, matter, 

The Riemann Hypothesis, one of the most signiϐicant 
unsolved problems in mathematics, addresses the distribution 
of prime numbers. Its implications extend beyond number 
theory, inϐluencing quantum mechanics, cosmology, and the 
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Figure 1.2: Euler structural CPT violation.

Figure 1.1: Riemann zeta function’s structural primary.
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fundamental nature of the universe [3,4]. This study explores 
the hypothesis through an interdisciplinary lens, integrating 
universal constants and symmetry principles to propose a 
holistic understanding of mathematical and physical realities.

Mathematics has been a cornerstone of human civilization, 
shaping our understanding of the universe and its intricate 
geometries. Historically, humans developed the Cartesian 
coordinate system to align with their perception of nature, 
though the polar coordinate system better reϐlects universal 
geometries [5,6]. The limitations of human perception often 
restrict our ability to grasp the universe's true mathematical 
structures. For example, concepts like the constant π and 
trigonometric identities such as sine and cosine embody the 
fundamental essence of natural phenomena, yet their full 
implications are often overlooked [7].

The universe’s structure, as revealed through Fourier 
and Laplace series, Maxwell's equations, and quantum 
mathematics, inherently involves constants like π, e, and i. 
These constants are integral to the energy states of matter 
and atomic spectra. The Riemann Hypothesis provides a 
mathematical lens to explore these universal constants 
and their relationships, bridging gaps between abstract 
mathematical theories and physical realities [8,9].

Our understanding of symmetry and geometry also extends 
to physical constructs, such as the relationship between 
circles and squares in ancient Egyptian pyramids (Figure 2-1)
and the Golden Ratio   (Figure 2-2) in Greek architecture. 
These historical applications illustrate humanity’s attempts 
to connect mathematical constructs with universal principles 
[10]. Such insights motivate the exploration of the Riemann 
Hypothesis in this study, focusing on its potential to unveil 
hidden symmetries in both mathematics and the natural 
world.

Moreover, this study integrates the principles of CPT 
symmetry—spontaneously broken in certain universal 
contexts—to reinterpret the Riemann Hypothesis. This 
approach aims to provide a deeper understanding of the 
interplay between matter and energy conϐigurations, offering 
a holistic perspective on universal phenomena [11,12].

2. Background and literature review
a) Historical and mathematical foundations 

The Riemann Hypothesis, proposed by Bernhard Riemann 
in 1859, suggests that the non-trivial zeros of the zeta function 
lie on the critical line with a real part of ½ [1]. This hypothesis 
has become a central theme in number theory and has 
profound implications for understanding the distribution of 
prime numbers. Edwards [4] and Titchmarsh [5] expanded on 
Riemann's work, exploring the connections between the zeta 
function and mathematical constructs such as the distribution 
of prime gaps and the Euler product formula. Ivic [6] and 
Montgomery [7] further demonstrated the hypothesis's 
relationship with multiplicative number theory and its 
applications in modern mathematics.

The zeta function's critical strip and its zeros—both trivial 
and non-trivial—represent the intricate dance of symmetry 
and structure in mathematics. Riemann’s insights connected 
the primes’ unpredictability to a predictable analytical 
framework, suggesting a universal underlying order. These 
concepts have driven decades of research and led to modern 
computational advancements, as noted by Borwein, et al. [8].

b) Interplay of symmetry and mathematics 

The symmetry principles inherent in the Riemann 
Hypothesis and its imaginary side reϐlect broader patterns in 
mathematical physics. Conrey [9] noted the role of symmetry 
in linking the hypothesis to spectral geometry, quantum 
chaos, and random matrix theory. This connection has fueled 
interdisciplinary studies bridging pure mathematics with 
physics and cosmology.

The interplay between symmetry and mathematics 

Figure 1.3: “i, j, k” Hidden complexity of universal mathematic.

Figure 2.1: Relation between a circle and a square.

Figure 2.2: Parthenon and Golden Ratios.
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is further illuminated by CPT symmetry—a fundamental 
principle in quantum ϐield theory. The CPT theorem posits 
that the laws of physics remain invariant under combined 
transformations of charge conjugation (C), parity (P), and time 
reversal (T) [11,12] (Figure 3-b1). However, spontaneous 
symmetry breaking, a phenomenon observed in quantum 
mechanics and cosmology, reveals underlying asymmetries 
that parallel the gaps in human mathematical understanding 
of universal truths [13-16].

c) Universal constants and the nature of mathematics 

The mathematical constants π, e, and i represent the 
foundation of universal geometries and energy constructs. 
These constants, deeply embedded in the Riemann 
zeta function, signify the inherent connections between 
mathematics and the physical universe. Landau and Lifshitz 
[17] discussed how these constants govern statistical physics 
and quantum mechanics, while Dirac [18] linked them to the 
quantization of singularities in electromagnetic ϐields.

The geometric implications of these constants extend 
to the elliptical trajectories of celestial bodies (Figure 3-c1) 
and the structure of atomic spectraEinstein’s ϐield equations 
[19] and Planck’s quantization principles [20] demonstrate 

the constants' role in deϐining the universe’s energetic and 
material structure. Wheeler and Ford [21] emphasized that 
these constants are not merely mathematical abstractions but 
reϐlect the universe’s inherent order and balance.

d) Challenges in mathematical representation 

Human-created numerical systems, particularly the 
decimal system, often fail to align with the universe’s intrinsic 
language. The Riemann zeta function’s reliance on natural 
numbers exempliϐies this limitation. By reinterpreting 
numerical constructs through the lens of symmetry and 
universal constants, we can bridge the gap between human 
perception and the universe’s underlying mathematical 
framework [5,22].

This section provides the groundwork for exploring 
the proposed theoretical framework, which integrates CPT 
symmetry, universal constants, and a reimagined Riemann 
zeta function to uncover deeper truths about mathematics 
and the cosmos [1,23-25].

3. Proposed theoretical framework
a) Revisiting the riemann zeta function 

The traditional Riemann zeta function depends on a 
natural number system that does not fully encapsulate the 
universe's intrinsic structures. To address this, we propose a 
modiϐied framework incorporating universal constants, such 
as π, e, and i, which are integral to understanding the energy 
and geometries of the cosmos. These constants allow for a 
reimagined zeta function, embedding elliptical geometries 
and symmetry-breaking phenomena to align the mathematical 
model with physical realities [17,18].

By redeϐining the zeta function to reϐlect elliptical and 
higher-dimensional spaces, we incorporate the inherent 
asymmetry observed in nature. This approach aligns the 
primes’ distribution with universal constants and their 
geometric representations, such as circles and ellipses, which 
dominate celestial and quantum structures [20].

b) Embedding CPT symmetry and its violation 

CPT symmetry offers a robust lens to reinterpret the 
Riemann zeta function. This symmetry ensures that physical 
laws remain invariant under combined transformations 
of charge conjugation (C), parity (P), and time reversal (T) 
[11]. However, the spontaneous breaking of CPT symmetry 
in certain contexts reveals a fundamental asymmetry that 
mirrors the gaps in the zeta function’s current interpretation. 

We propose that the Riemann zeta function plays two 
roles in CPT violation. One is the numerator (“PT”) represents 
matter conϐigurations, while the other is converted and rotated 
representing the denominator (“PC”) signiϐies energetic and 

Figure 3.b1: Riemann zeta function obeys transformations of charge conjugation (C), 
parity (P), and time reversal (T).

Figure 3.c1: The elliptical trajectories of celestial bodies.
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anti-matter counterparts [1,2](Figure 4-b1). This bifurcation 
not only redeϐines the function but also highlights the dynamic 
interplay between matter and energy, akin to the dual nature 
of particles and waves in quantum mechanics [18]. These 
insights allow for a reimagined prime number distribution as 
part of a universal energetic framework. 

c) Universal constants in energy and matter 
con igurations 

Universal constants such as π, e, and i are not arbitrary; 
they signify fundamental energy and matter interactions 
within the universe. The role of π, for instance, extends 
beyond mathematical abstraction to describe the elliptical 
motion of celestial bodies and the geometry of atomic orbits 
[20]. Similarly, Euler’s identity (“e^{iπ} + 1 = 0”) encapsulates 
the harmonic balance of energy states in the universe. 

In the proposed framework, the constants guide the 
reformulation of the zeta function by embedding them into 
its structure. For instance, the elliptical nature of π aligns 
with the elliptical geometries found in both atomic structures 
and planetary orbits, creating a mathematical-physical 
synergy [21]. Furthermore, the exponential growth of e and 
the imaginary properties of i reϐlect the universe’s dynamic 
expansion and energy superposition states [22] (Figure 4-c1).

d) Linking prime numbers to universal structures

The proposed framework reimagines prime numbers as 
dynamic entities embedded within the universe’s energetic and 
geometric constructs. Prime numbers, traditionally treated as 
discrete entities, are reinterpreted as interconnected points 
along a continuous wave-like system governed by universal 
constants [26] (Figure 4-d1). This perspective aligns with 

the periodicity observed in atomic spectra and the harmonic 
structures underlying natural phenomena.

The concept of symmetry breaking, essential to CPT 
violations, also ϐinds resonance in the distribution of prime 
numbers. By introducing elliptical geometries and redeϐining 
the zeta function, we uncover hidden patterns that link primes 
to universal constants such as π, i, and e. These patterns 
reϐlect the balance of symmetry and asymmetry inherent in 
the universe [27].

e) Visualization and application 

Figures and diagrams illustrating the elliptical trajectories, 
symmetry-breaking phenomena, and universal constants 
within the zeta function are crucial to this framework (Figure 
4-e1). These visual representations provide intuitive insights 
into the complex interplay between mathematics and physics, 
paving the way for applications in quantum mechanics, 
cosmology, and computational number theory [28].

This theoretical framework not only redeϐines the 
Riemann zeta function but also integrates it into a broader 
understanding of the universe’s energetic and geometric 
principles. By embedding universal constants and CPT 
symmetry into its structure, this framework bridges gaps 
between mathematical abstractions and physical realities, 
offering new pathways for interdisciplinary research.

Figure 4.b1: CPT breaking symmetry reveals a fundamental asymmetry that mirrors 
the gaps in the zeta function’s current interpretation.

Figure 4.c1: The universe’s dynamic expansion and energy superposition states.

Figure 4.d1: Points along a continuous wave-like system.

Figure 4.e1: The elliptical trajectories, symmetry-breaking phenomena, and universal 
constants within the zeta function are.
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4. Analysis and interpretation
a) Mathematical implications 

The proposed theoretical framework introduces 
signiϐicant advancements in understanding the Riemann zeta 
function by embedding universal constants and symmetry-
breaking phenomena. The integration of π and e redeϐines the 
critical strip, aligning it with elliptical geometries and higher-
dimensional structures [17,20]. This shift in perspective offers 
a uniϐied approach to analyzing the distribution of prime 
numbers, treating them as dynamic elements of a continuous 
system rather than discrete entities.

This framework also reconciles the apparent gaps 
between human numerical constructs and the natural order 
(Table 5-a1). The reliance on natural numbers and their 
decimal representations in the traditional zeta function has 
often obscured the deeper connections between primes 
and universal constants. By replacing these constructs with 
geometric and energetic analogs, the framework enhances 
the function’s predictive power and applicability across 
mathematical and physical domains [22,26].

b) Physical implications 

The embedding of CPT symmetry and its violations within 
the Riemann zeta function highlights the dynamic interplay 
between matter and energy [2]. The numerator (“PT”) and 
denominator (“PC”) components of the function reϐlect the 
duality of physical existence, akin to the matter-antimatter 
balance observed in quantum mechanics [11,18]. This 
perspective aligns the mathematical properties of the zeta 
function with physical phenomena, offering insights into the 
universe’s energy distribution and structural symmetry.

The elliptical geometries introduced in the framework also 
ϐind resonance in celestial mechanics and atomic physics. The 
trajectories of celestial bodies, governed by π and e, mirror 
the harmonic structures embedded in the zeta function. 
This alignment suggests a deeper connection between the 
universe’s macroscopic and microscopic scales, bridging the 
gaps between cosmology and quantum mechanics [20,27].                                                                                         

c) Applications in modern science 

The reinterpretation of prime numbers as wave-like 
entities governed by universal constants opens new avenues 
for scientiϐic exploration. In quantum computing, for instance, 
the framework’s emphasis on continuity and symmetry could 
enhance algorithms for prime factorization and cryptography. 
Similarly, the integration of CPT symmetry into the zeta 
function provides a robust model for analyzing particle 
interactions and energy states in quantum ϐield theory [11,28].

In cosmology, the framework’s insights into symmetry-
breaking phenomena offer a reϐined understanding of the 
universe’s expansion and energy balance. By linking the zeta 
function to universal constants, the framework provides a 
mathematical basis for exploring dark energy, gravitational 
waves, and other frontier topics in physics [21,29] (Figure 
5-c1).

d) Bridging mathematics and physics 

The proposed framework exempliϐies the interdisciplinary 
potential of the Riemann zeta function. By embedding 
universal constants and symmetry-breaking phenomena, it 
bridges the abstract realm of mathematics with the empirical 
world of physics. This synthesis not only enhances our 
understanding of prime numbers and their distribution but 
also offers a uniϐied perspective on the universe’s energetic 
and geometric principles [28,29].

These interpretations underscore the transformative 
potential of reimagining the Riemann zeta function as a 
holistic framework that connects mathematical abstractions 
with physical realities. The insights gained from this approach 
pave the way for future research at the intersection of 
mathematics, physics, and cosmology.

5. Discussion
Interdisciplinary implications

The proposed framework demonstrates the transformative 
potential of embedding mathematical constructs within 
physical and cosmological contexts. By aligning the Riemann 
zeta function with universal constants and symmetry-
breaking phenomena, this study bridges the theoretical 

Table 5.a1: Connections between Primes and Natural Numbers. Figure 5.c1: Linking the zeta function to the universal constant.
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gaps between pure mathematics and applied physics. The 
reinterpretation of prime numbers as interconnected wave-
like entities underscores the interconnectedness of the 
universe’s mathematical and physical realities [20,27].

This alignment offers valuable insights for interdisciplinary 
research, particularly in ϐields such as quantum mechanics, 
where the dual nature of particles resonates with the duality 
embedded in the zeta function. The integration of CPT 
symmetry provides a robust foundation for exploring particle 
interactions and symmetry-breaking phenomena, while the 
universal constants anchor the framework in empirical reality 
[11,22].

Broader implications for mathematics and physics

The framework’s emphasis on universal constants 
highlights the need to revisit traditional mathematical 
constructs. By replacing human-centric numerical systems 
with geometrically and energetically aligned models, this 
study advances a more natural understanding of the universe’s 
intrinsic order. This shift has profound implications for the 
study of prime numbers, suggesting that their distribution 
is not random but deeply rooted in the universe’s structural 
symmetry [17,21].

In physics, the framework offers new tools for exploring 
the universe’s energetic and geometric principles. The 
elliptical geometries embedded in the zeta function mirror 
the trajectories of celestial bodies and the structures of atomic 
spectra, providing a uniϐied perspective on macroscopic 
and microscopic phenomena. These insights could reϐine 
existing models of the universe’s expansion, dark energy, and 
gravitational waves [20,26,30].

Future directions

This study opens the door for future research at the 
intersection of mathematics, physics, and cosmology. Potential 
avenues include:

• Quantum computing: Exploring the role of prime 
numbers in quantum algorithms and cryptography, 
leveraging the continuity and symmetry embedded in 
the proposed framework [28].

• Cosmology: Investigating the zeta function’s 
implications for dark energy, gravitational waves, and 
other frontier topics, using its alignment with universal 
constants as a guiding principle [21,29,31].

• Mathematical physics: Developing computational 
models that integrate the zeta function’s geometric 
and energetic constructs with physical phenomena, 
enhancing our understanding of symmetry-breaking 
and particle interactions [11,18].

Limitations and challenges

While the proposed framework offers a novel perspective 

on the Riemann zeta function, it also poses challenges. The 
reinterpretation of prime numbers as wave-like entities 
requires a paradigm shift in traditional mathematical 
thinking, which may face resistance from established schools 
of thought. Additionally, the integration of CPT symmetry into 
the zeta function’s framework necessitates further empirical 
validation, particularly in the context of quantum mechanics 
and cosmology [11,22].

Despite these challenges, the framework’s interdisciplinary 
approach offers a promising pathway for advancing our 
understanding of the universe’s mathematical and physical 
realities. By bridging the gaps between abstraction and 
empiricism, this study lays the groundwork for future 
explorations into the fundamental principles governing the 
cosmos. 

6. Conclusion
The Riemann Hypothesis has long been a cornerstone of 

mathematical inquiry, offering profound insights into the 
distribution of prime numbers and the underlying symmetry 
of the universe. This study advances the hypothesis by 
embedding it within a broader framework of universal 
constants and symmetry-breaking phenomena, bridging the 
theoretical realms of mathematics and physics.

Through the integration of CPT symmetry and geometric 
constructs, the proposed framework redeϐines the Riemann 
zeta function, aligning it with the universe’s energetic and 
structural principles. This reinterpretation not only resolves 
existing gaps in mathematical representation but also unveils 
new pathways for interdisciplinary research, from quantum 
mechanics to cosmology [11,18].

The reconceptualization of prime numbers as wave-like 
entities governed by universal constants underscores their 
role in the universe’s structural harmony. By aligning the 
zeta function with physical phenomena, such as elliptical 
geometries and matter-energy dualities, this study highlights 
the interconnectedness of macroscopic and microscopic 
scales [20,28].

Looking forward, the proposed framework opens new 
avenues for exploration, including applications in quantum 
computing, cryptography, and cosmological modeling. The 
emphasis on universal constants as anchors of mathematical 
and physical reality offers a uniϐied perspective that 
transcends traditional disciplinary boundaries, paving the 
way for a holistic understanding of the cosmos [21,28].

In conclusion, the integration of the Riemann Hypothesis 
with universal constants and CPT symmetry represents 
a transformative step toward unifying mathematical 
abstractions with physical realities. This interdisciplinary 
approach not only enhances our understanding of prime 
numbers and their distribution but also provides a robust 
foundation for future explorations into the fundamental 
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principles governing the universe. By bridging the gaps 
between abstraction and empirical observation, this study 
contributes to the ongoing quest for a comprehensive theory 
of everything.
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