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ABSTRACT

Development of a High-Energy Electron Spectrometer For the Study of Lepton-Catalyzation in
Nuclear Fusion Reactions

Tayler S Martin
Department of Physics and Astronomy, BYU

Bachelor of Science

Stellar fusion, the process powering stars, relies on overcoming the Coulomb barrier between
charged particles, causing hydrogen’s fusion into helium. Despite existing models, laboratory
experiments show fusion rates that deviate by a factor of 2, suggesting a gap in our understanding.
A promising theory proposes that leptons such as electrons could catalyze fusion inside the orbital
radius. This concept, initially explored by S. Jones using muons at BYU, opens new avenues for
experimentation. Our work extends this idea to electrons which could explain the discrepancy
between theory and experiment regarding screening ability. We have developed an accelerator-target
system, employing various metal targets and detectors, to investigate this phenomenon. A critical
component of our experiment is a high-energy electron spectrometer, designed to detect and analyze
electron products during fusion processes. This spectrometer has been calibrated against known
beta-decay sources including cesium-137, europium-154, and strontium-90.
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Chapter 1

Introduction

At the heart of nuclear astrophysics is the study of fusion, a process where light nuclei combine

to form heavier nuclei, releasing energy in the process. This phenomenon not only fuels stars but

also plays a crucial role in the elemental makeup of the universe. Despite its significance, there’s

a persistent issue in fusion research: the predicted fusion rates in stars and what we’ve observed

in the lab don’t always align [1]. This discrepancy points to gaps in our understanding of fusion’s

fundamental principles, sparking curiosity and driving further investigation.

Muon-catalyzed fusion has been a focal point in exploring how we might overcome the repulsive

forces between nuclei to facilitate fusion at lower energies. By introducing muons, which are like

heavier versions of electrons, into the fusion environment, researchers have managed to get nuclei

closer together (see Figure 1.1), producing over 150 reactions per muon [3]. However, the ability

of using muons is limited because they’re challenging to produce and have a finite lifetime of 2.2

microseconds. This brings us to an intriguing possibility: what if electrons, which are far more

common and manageable, could be used to catalyze fusion in a similar manner?

This question led to the experimental efforts by Lipoglavsek and his team in 2017. They

attempted to detect electron-induced fusion by observing reactions in a deuterium beam experiment,

hoping to see evidence of electrons playing a significant role in fusion events [4]. However, their
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Figure 1.1 Simple drawing demonstrating how muons pull nuclei together to fuse. After
fusion, the muon is re-emitted to catalyzed future reactions. [2]
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experiment faced limitations, primarily due to the inability to lower the beam energy sufficiently to

enhance the fusion cross-section, which is crucial for observing such events [5].

Our research aims to tackle this challenge head-on. With access to technology that allows us to

reduce the beam energy to as low as 5 keV, we’re in a unique position to explore the possibility of

electron-catalyzed fusion more thoroughly. We’re looking for electrons with energies indicative of

enhancing fusion reaction rates by examining proton-deuterium (p+d) and deuterium-deuterium

(d+d) reactions [6]. Our setup includes an accelerator-target system [4] [7] [8] and a high-energy

electron spectrometer, specifically designed to detect the high-energy electrons indicative of fusion.

By investigating how electrons might impact fusion rates, we’re also contributing to the broader

discussion about why there’s a difference between the fusion rates we calculate based on our

electron-screening theories and those we observe in the lab [1]. If we can show that electrons, like

muons, can catalyze fusion, we’ll not only advance our knowledge of fusion but also take a step

toward resolving a long-standing puzzle in nuclear astrophysics.

In this thesis, I describe the design of the high-energy electron spectrometer as well as the testing

and calibration process to prepare it for the fusion experiments described previously.



Chapter 2

Experimental Setup

To initiate fusion reactions, we employ an energetic ion source that generates a beam of deuterium

ions. These ions are directed towards a metal target infused with hydrogen or deuterium. The metal

not only provides structural integrity but also contributes conduction electrons, which facilitate

Coulomb screening, potentially enhancing the efficacy of the fusion reactions [8]. This target is

centrally positioned within a target vacuum chamber, where the beam is introduced.

Surrounding the vacuum chamber are a suite of detectors strategically positioned to analyze

the fusion reactions by capturing and characterizing the reaction products and their energies (see

Figure 2.1). This suite includes an energy-dispersive X-ray spectrometer (see Appendix A), an DE-E

charged-particle spectrometer (see Appendix B), a high-purity germanium gamma spectrometer,

an LGB gated neutron pseudo-spectrometer [9], and a high-energy electron spectrometer. Each

detector plays a vital role in identifying different aspects of the reaction outputs, ensuring confidence

in our analysis of the fusion events.

Included with the suite of detectors is a Perkin Elmer Model 04-303 Differential Ion Gun [10].

This is used as a 0-5 keV ion source to stimulate the fusion reactions via inverse kinematics. There

is also an electron gun and a 400 keV Van der Graaf particle accelerator for the purpose of doing

elemental analysis of the target material.
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