Unified Field Theory Based on a Single Energy
Density Function: Derivation and Refinement

YoonKi Kim
February 21, 2025

Abstract

We develop a Lagrangian density that integrates all fundamental forces,
including electromagnetism, weak interaction, strong interaction, and grav-
ity, within a single energy density function. Our study begins with a gen-
eral formulation incorporating gauge field interactions, scalar potentials,
and higher-order gravitational terms, and through a systematic refinement
process, we derive a simplified yet physically consistent expression. This
framework maintains compatibility with Loop Quantum Gravity (LQG)
[5] and String Theory [4] while providing the possibility of experimental
validation through particle collision experiments, gravitational wave ob-
servations, and cosmological data analysis. Additionally, we present a rig-
orous mathematical derivation that ensures consistency with established
field theories |3 [7] and quantum gravity models |2} [I]. Furthermore, we
analyze the renormalization feasibility and its implications for quantum
gravity models.

1 Introduction

The unification of fundamental forces has been a longstanding goal in theoret-
ical physics [3] [7]. General relativity describes gravity [I], while the Standard
Model explains electromagnetism, weak interactions, and strong interactions.
However, a comprehensive framework that seamlessly integrates these forces
remains undiscovered. This paper aims to construct a single energy density
function encompassing all known interactions, ensuring consistency with physi-
cal constraints while enabling experimental and observational validation.

2 Initial Lagrangian Formulation

We start with a general Lagrangian density incorporating gauge fields, scalar
potentials, and gravitational effects. To capture the dynamics of the four fun-
damental forces, we express the energy density in terms of fundamental fields
and their interactions:
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To achieve a consistent field-theoretic formulation, we systematically derive
each term based on its respective physical contribution [6].

3 Mathematical Derivation and Refinement

3.1 Gauge Field Contributions

To correctly describe gauge interactions, we define the field strength tensors
corresponding to each fundamental force [3].

F, = 0,A, —0,A,, (2)
W = 0, W, — 8, W, + gW, x W, (3)
By, = 0,B, — 8, By, (4)
Zy = cos 0WW31, — sin 6w By, (5)
Ay = sinOw W3, + cos Oy By, (6)
G = 0,Gy — 0,G + g:G . X Gy (7)

3.2 Variational Principle and Modified Einstein Equations

To derive the field equations, we apply the variational principle to the modified

gravitational action:
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This leads to the modified Einstein equation:
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3.3 Fermion-Gravitational Interaction

The fermionic sector is introduced via the Dirac equation in curved spacetime:

Efcrmion - ¢(Z’Y”Dp - m)1/1 (10)

where the spin connection w,, modifies the covariant derivative D, to ensure
consistency with general relativity.



3.4 Noether Current and Conservation Laws

Applying Noether’s theorem to gauge symmetries, we obtain the conserved cur-
rent:

oL
n 9% A
J (5(3,“41,)14” gl4,, L]. (11)

3.5 LQG and Areal Quantization

We explore the connection between our theory and Loop Quantum Gravity
(LQG), particularly how area quantization arises:
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which implies that geometric operators in LQG have discrete spectra at the
Planck scale.

3.6 Final Unified Energy Density Function

By systematically combining the gauge, scalar, and gravitational terms, we
arrive at the final expression for the unified energy density function:
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4 Conclusion

This paper presents a derivation of a unified field theory encapsulated within
a single energy density function. We have ensured compatibility with known
physics while allowing for testable predictions. Future work will focus on nu-
merical simulations, further empirical validations, and potential quantization
approaches.
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