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Abstract

Through the SESAPARD/RENEW program at Brookhaven National Laboratory, this project explored accelerator research through three modules: laser optics,
superconducting magnets, and ultrafast electron diffraction (UED). An automated laser alignment prototype was developed using computer vision and motorized optics, while
superconducting quadrupole magnets and electron beam dynamics were investigated using OPERA, MATLAB, and ImpactX simulations. Together, these activities provided
practical experience in optical systems, computational modeling, beam dynamics, and accelerator technologies while strengthening technical communication and research
skills relevant to modern accelerator science.
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Results & Analysis

The automated laser alignment prototype successfully Initial phase-space Quadrupole focusing
reproduced a conventional two-mirror alignment distributions of the the electron beam in
procedure using computer vision and closed-loop electron beam one transverse
feedback. The system iteratively corrected beam position plane.
until the laser was centered on both irises. _ _ e e ]
Fourier Transform (FFT). The FFT confirms that the {
second harmonic is dominant, indicating successful
quadrupole field generation.
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