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Abstract

This hypothesis investigates the application of the McGinty Equation to quantum fields in higher-order dimensions,
proposing that these fields exhibit self-similar fractal properties. The primary objective is to understand the
implications of fractal geometry on quantum field interactions, coupling constants, and particle scattering
processes, offering new insights into the fundamental forces and the structure of spacetime.

Introduction

Quantum field theory (QFT) has long been a cornerstone
in understanding the interactions of fundamental particles.
However, traditional QFT in integer dimensions may not fully
capture the complexities of space-time, especially at higher
energies. This hypothesis extends QFT into fractal dimensions
using the McGinty Equation, exploring the effects of fractal
geometry on quantum fields.

Mathematical Framework

Fractal-modified Quantum Field Action

S[6]=[d*D x( 1/20_p 60" ¢ - V() . [x/"(D-d)

where D is the topological dimension, d is the fractal dimension,
and [x|*(D-d) is the fractal measure.

Modified Propagator in Momentum Space

G(p) ~ 1/ (p"2 + m"2)~(D/(2d))

Fractal-corrected Coupling Constant Scaling

g ~pN(d-D) g 0

where p is the energy scale and g 0 is the bare coupling
constant.

Modified Renormalization Group Equation
pdg/dpu=p(g) =-(d-D)g+b 0g"3+...

Expected Results
Particle Scattering Cross-Sections
o(E) ~ E~(2(d-D)/d)

Field Correlation Functions

(0(x)9(0)) ~ [x|*(-2(D-d))

Running of Coupling Constants
a(Q"2) = a(u"2) / (1 + B_0 a(u”2) In(Q"2/u"2))*((D-d)/D)

where a is the fine structure constant and Q is the momentum
transfer.

Modification to the Casimir Effect

F C~1/anNd+1)

where a is the plate separation, differing from the standard 1/
a4 scaling.

Fractal Dimension Estimation

d=1im {e—0} [ log N(¢) / log(1/e€) ]

where N(e) is the number of boxes of size € needed to cover the
field configuration.

Experimental Proposals

1. High-Energy Particle Collisions: Investigate deviations
from standard cross-section predictions at energies greater
than 10 TeV.

2. Precision Casimir Force Measurements: Measure the
force between plates at separations from 10 nm to 1 pm,
looking for fractal scaling.

3. Cosmic Ray Observations: Analyze the energy spectrum
of ultra-high-energy cosmic rays for fractal scaling
signatures.

4. Quantum Field Tomography: Develop techniques to
reconstruct field configurations and analyze their fractal
properties.
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Computational Tasks

1. Lattice Field Theory Simulations: Implement fractal-
modified actions in lattice field theory simulations.

2. Monte Carlo Integration: Perform Monte Carlo integration
of path integrals with fractal measures.

3. Numerical Solutions: Solve the modified renormalization
group equations numerically.

Theoretical Developments Needed

*  Formulate Ward-Takahashi identities in fractal space-time.

*  Extend the Operator Product Expansion to incorporate
fractal scaling.

e Develop fractal-modified BRST quantization for gauge
theories.

Key Research Focus Areas

e Precision measurements of coupling constant running
over a wide energy range.

e Development of new renormalization techniques for
fractal field theories.

e Search for fractal patterns in high-energy scattering data
and cosmic ray observations.

e Theoretical work on reconciling fractal QFT with
fundamental symmetries and conservation laws.

Conclusion

This hypothesis proposes a groundbreaking framework for
incorporating fractal dimensions into quantum field theory,
potentially uncovering new facets of fundamental forces and
spacetime structure. Experimental validation and theoretical
advancements in this direction could significantly enhance our
understanding of the universe’s fundamental nature.
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