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Abstract

This work summarizes research conducted at Brookhaven National Laboratory’s Accelerator Test Facility across three areas of accelerator science: optical laser systems, superconducting magnets(SCM), and ultrafast
electron diffraction(UED). In the laser systems module, an automated beam-alignment system was developed using digital cameras, Python-controlled motorized actuators, and real-time spatial error calculations. The
closed-loop system steered the laser through target irises, improving alignment accuracy and beam stability compared with manual methods. For superconducting magnets, quadrupole geometries were evaluated using
finite-element simulations in SIMULIA Opera and MATLAB analysis. Results confirmed that magnetic flux density increased linearly with excitation current without core saturation. In the ultrafast electron diffraction
module, ImpactX simulations modeled electron-beam transport and phase-space dynamics to optimize transverse focusing and longitudinal bunching under space-charge effects. Together, these projects demonstrate how
lasers, magnetic focusing, computational modeling, and optoelectronics support next-generation light sources and accelerator infrastructure.

Methodology

Automated Laser Alignment Superconducting Magnets (SCM) Electron beam (UED)

Developed a closed-loop system that automatically detects and Simulating the electron beam in ImpactX under varied conditions

corrects laser-beam misalignment, reducing the need for slow
manual mirror adjustments.

Two superconducting quadrupole magnets for Ultrafast Electron Diffraction
was modeled in SIMULIA Opera and analyzed in MATLAB to evaluate field
strength, harmonics, and material response across multiple excitation

helps optimize beam transport and maintain the stability needed
for reliable UED experiments.
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Baseline ImpactX simulation of the initial Gaussian electron beam
distribution, displaying no position-momentum correlation
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Quadrupoles act as the primary optical lenses for the electron beam.
By utilizing alternating focus-defocus configurations, we can
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and fixed in center position - e simultaneous focusing of both the
2.0 scale factor horizontal and vertical planes.
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