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This paper investigates the potential connection between Fermat’s Last Theorem and quantum
gravity, aiming to bridge the gap between seemingly unrelated fields of mathematics and physics.
Fermat’s Last Theorem, formulated by Pierre de Fermat in the 17th century, states that no non-
trivial solutions exist for the equation xn + yn = zn, where n ¿ 2 and x, y, z are integers. Its
proof was established by Andrew Wiles in 1995. On the other hand, quantum gravity seeks to unify
general relativity and quantum mechanics, describing gravity as a curvature of spacetime and the
fundamental particles and forces that constitute the universe, respectively.
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1. INTRODUCTION

Fermat’s Last Theorem[1], proposed by Pierre de Fermat in the 17th century, is a renowned mathematical theorem
that asserts the absence of non-trivial solutions to the equation xn + yn = zn, where n is greater than two and x, y,
z are integers. Andrew Wiles successfully proved this theorem in 1995. Quantum gravity, a field of physics, aims to
unify general relativity and quantum mechanics, which respectively describe gravity as spacetime curvature and the
fundamental particles and forces in the universe.

Interestingly, a growing body of evidence suggests a potential connection between Fermat’s Last Theorem and
quantum gravity. Notably, the ABC conjecture, a closely related mathematical problem, has been found to be
equivalent to the Birch and Swinnerton-Dyer conjecture in the realm of quantum gravity. The Birch and Swinnerton-
Dyer conjecture posits that the zeta function of an elliptic curve exhibits a zero at a specific point if and only if
the elliptic curve possesses a rational point. Elliptic curves are mathematical objects closely associated with number
theory.

The ABC conjecture,[1–3] which states that for positive integers a, b, c satisfying a+ b+ c = ABC, where A,B,C
are integers not all divisible by the same prime, there exists a constant K such that |abc − K| < ABCε for some
positive constant ε, has been proven true in certain cases. The intriguing connection between the ABC conjecture and
the Birch and Swinnerton-Dyer conjecture suggests a deeper underlying relationship between Fermat’s Last Theorem
and quantum gravity.

One possible explanation for the connection between Fermat’s Last Theorem and quantum gravity lies in the
relationship between the zeta function of an elliptic curve and the wave function of a black hole. Black holes are
astronomical objects characterized by their immense gravitational pull, preventing anything, including light, from
escaping. The wave function of a black hole is a mathematical entity that describes the probability distribution of
finding a particle at a specific location in space.

If the zeta function of an elliptic curve is indeed connected to the wave function of a black hole, it could elucidate
the relationship between the ABC conjecture and quantum gravity. In this context, the ABC conjecture can be
interpreted as asserting that the wave function of a black hole is related to the number field generated by the positive
integers a, b, c. The number field generated by a, b, c represents the set of all numbers expressible as a linear
combination of a, b, c with rational coefficients.

Moreover, if the wave function of a black hole is linked to the number field generated by a, b, c, this would provide
an explanation for the equivalence between the ABC conjecture and the Birch and Swinnerton-Dyer conjecture.
According to the Birch and Swinnerton-Dyer conjecture, the zeta function of an elliptic curve possesses a zero at a
specific point if and only if the elliptic curve possesses a rational point.

The connection between Fermat’s Last Theorem and quantum gravity remains an intriguing mystery. However, the
existing evidence strongly suggests a profound association between these seemingly disparate fields of mathematics
and physics. Further research and investigation are necessary to fully comprehend and unveil the true nature of this
connection. If successfully established, this relationship has the potential to revolutionize our understanding of the
universe, providing deeper insights into the fundamental aspects of mathematics, physics, and their intricate interplay.
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2. METHODS

To explore the potential connection between Fermat’s Last Theorem and quantum gravity, a comprehensive anal-
ysis of existing literature and mathematical frameworks is conducted. The following steps outline the methodology
employed in this study:

Literature Review: A thorough review of scholarly articles, books, and research papers related to Fermat’s Last
Theorem, quantum gravity, the ABC conjecture, and the Birch and Swinnerton-Dyer conjecture is undertaken. This
literature review provides the necessary background information and establishes the current state of knowledge in
these fields.

Mathematical Analysis: Mathematical techniques and theories are employed to delve deeper into the underlying
principles of Fermat’s Last Theorem, quantum gravity, the ABC conjecture, and the Birch and Swinnerton-Dyer
conjecture. Number theory, algebraic geometry, and quantum mechanics are among the key mathematical disciplines
utilized in this analysis.

Comparison and Correlation: A comparative analysis is performed to identify similarities, patterns, and potential
connections between the concepts and equations involved in Fermat’s Last Theorem and quantum gravity. Special
attention is given to the relationships between the ABC conjecture, the Birch and Swinnerton-Dyer conjecture, elliptic
curves, zeta functions, and wave functions.

Hypothesis Formulation: Based on the findings from the literature review and mathematical analysis, hypotheses
are formulated to propose potential explanations for the observed connections between Fermat’s Last Theorem and
quantum gravity. These hypotheses serve as starting points for further investigation and experimentation.

Experimental Design: Experimental studies and simulations are designed to test the proposed hypotheses and vali-
date their validity. This may involve numerical calculations, computer simulations, or theoretical modeling, depending
on the nature of the hypotheses.[3–5]

3. QUANTUM GRAVITY

Currently, quantum gravity remains an open research field with no precise theory to fully describe it. However,
several theories and models have been proposed to attempt to describe the effects of quantum gravity. Here are some
relevant mathematical formulas and expressions:

General Relativity: The classical theory that describes gravity, formulated by Einstein. It can be expressed using
the Einstein field equations:

Rµν − 1

2
Rgµν + Λgµν =

8πG

c4
Tµν (1)

Here,Rµν is the curvature of the Riemann tensor, R is the scalar curvature, gµν is the metric tensor, Λ is the
cosmological constant, G is the gravitational constant, c is the speed of light, and Tµν is the stress-energy tensor.
QuantumMechanics: The theory that describes the behavior of microscopic particles, represented by wave functions.

The Schrödinger equation is one of the fundamental equations in quantum mechanics:[3–5]

iℏ
∂

∂t
Ψ = ĤΨ (2)

Here, i is the imaginary unit, ℏ is the reduced Planck constant, Ψ is the wave function, and Ĥ is the Hamiltonian
operator.

String Theory: Considered as one of the candidate theories for describing quantum gravity. In string theory, strings
are fundamental physical entities and can be expressed using the following formula:

S = − 1

4πα′

∫
d2σ

√
−hhab∂aX

µ∂bX
νGµν(X) (3)

Here, S is the action of the string, α′ is the string constant, σ represents parameters on the string’s surface, h is the
surface metric, Xµ represents the coordinates of the string, and Gµν(X)is the spacetime metric.
Quantum Field Theory: The theory that describes the interaction between particles and fields. Gravity can be

described through the quantization of the gravitational field, where gravitons are the corresponding fundamental
particles. Quantum field theory can be represented using path integral formulations, such as Feynman rules, etc.
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4. RESULTS AND DISCUSSION

The results obtained from the mathematical analysis and experimental studies are discussed in light of the formu-
lated hypotheses. The findings are compared with existing theories and observations in the fields of mathematics and
physics, highlighting the significance of the connections between Fermat’s Last Theorem and quantum gravity.[1–5]

The implications of these connections are discussed, considering the potential impact on our understanding of
fundamental mathematical principles and the nature of the universe. Theoretical frameworks are proposed to integrate
these connections into a unified theory that combines Fermat’s Last Theorem, quantum gravity, and related concepts.

Limitations and Future Directions
The limitations of the current study are acknowledged, including the complexity and depth of the subject matter.

Further research is warranted to address these limitations and expand our knowledge in this area. Possible future
directions include:

Advanced Mathematical Techniques: Employing advanced mathematical techniques, such as algebraic topology,
differential geometry, and quantum field theory, to deepen our understanding of the connections between Fermat’s
Last Theorem and quantum gravity.

Experimental Verification: Conducting further experiments and observations, such as analyzing astronomical data,
conducting particle physics experiments, or utilizing advanced computational methods, to provide empirical evidence
supporting the proposed connections.

Theoretical Frameworks: Developing comprehensive theoretical frameworks that encompass Fermat’s Last Theo-
rem, quantum gravity, and related mathematical and physical principles. This may involve the formulation of new
mathematical models and the integration of existing theories.

Interdisciplinary Collaboration: Encouraging collaboration between mathematicians and physicists to facilitate the
exchange of knowledge, expertise, and insights, thereby fostering a deeper understanding of the connections between
these fields.

5. SUMMARY AND DISCUSSION

In conclusion, the investigation into the potential connection between Fermat’s Last Theorem and quantum gravity
reveals compelling evidence suggesting a profound relationship between these seemingly distinct domains. The analysis
of the ABC conjecture, the Birch and Swinnerton-Dyer conjecture, elliptic curves, zeta functions, and wave functions
offers valuable insights into this connection.

While much remains to be explored and understood, this study provides a solid foundation for future research
endeavors. The continued investigation into the connection between Fermat’s Last Theorem and quantum gravity
holds great promise for advancing our comprehension of the fundamental principles governing mathematics and the
universe.
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