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This poster summarizes three connected accelerator research projects completed at Brookhaven National Laboratory. The first project developed a m Automatic Laser Alignment
camera-based automated laser-alignment system using Basler cameras, Python image processing, motorized mirrors, and a Newport 8742 controller. Cameras + Coding + Ul +
The system detected the laser and iris centers, calculated alignment errors, and automatically corrected beam drift. A custom user interface displayed Pico motor feedback
live camera Images, bgam positi_on, alignment status, and manual motor controls. A separate fiber-optics experiment also demonstrated the importance Quadrupole Magnet Design
of precise beam coupling and alignment. Opera 3D field modeling and
The second project focused on quadrupole magnet design and magnetic-field analysis using SIMULIA Opera. A three-dimensional quadrupole model harmonics
was created using iron poles, a magnetic yoke, and racetrack coils. Finite element analysis was used to study magnetic flux density, field distribution,
field vectors, and beam-focusing behavior. MATLAB and Microsoft Excel were also used to examine angular field variations and magnetic-field UED Beam Dynamics
harmonics. ImpactX lattices: drift,
The third project investigated Ultrafast Electron Diffraction beam dynamics using ImpactX in Anaconda. Simulations were performed with drift sections, solenoid, quadrupoles, RF
solenoids, single quadrupoles, doublets, triplets, and RF elements. Beam size, emittance, phase-space evolution, bunch compression, and space- , ,

. : . . . . : - . One research workflow: align the laser — design
charge effects were studied. Together, these projects connected optical alignment, magnet design, and particle-beam control while providing practical focusing magnets — simulate beam transport
experience in automation, programming, electromagnetic simulation, numerical analysis, and accelerator physics.
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The quadrupole magnet geometry was created in SIMULIA S e T I
NN A separate fiber-optics Opera using four pole pieces, racetrack coils, and an iron . .
s R s o experiment showed why yoke. Material properties, coil currents, and mesh settings Anaconda Iaunched Impact_X to simulate a Gaussian electron
Ay T e - orecise beam coupling is were assigned before running the finite element simulation. beam through c_jrlfts, solenoids, quadrupoles, and RE elements.
important for automatic MATLAB was then used to organize and visualize the Beam size, emittance, energy, and bunch compression were
alignment. magnetic-field data. analyzed.

Results & Analvsis
1. Laser Alignment 3. UED Simulation
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‘ D. Quadrupole doublet behavior E. RF phase and energy response F. Beam growth with space charge

The user interface displayed T Drift sections increased beam size, while solenoids focused
live cameraimages, = |F o RN 48000 both transverse planes. Quadrupoles controlled horizontal
alignment errors, system IR e T e and vertical focusing, and RF phase affected beam energy
status, and manual motor and bunch compression. Space charge caused additional
controls. beam expansion.
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Conclusions & future Work

The three projects showed that accelerator performance depends on accurate laser alignment, magnetic focusing, and
electron-beam control. Camera feedback improved alignment, quadrupole modeling demonstrated beam focusing, and
ImpactX simulated drift, solenoid and quadrupole focusing, RF acceleration, and bunch compression.
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Future work will improve laser detection and motor calibration, optimize quadrupole geometry and field harmonics, and év'vfﬁ‘e%ac‘(‘;f)éEr?(‘g?e";p,{fgeﬁgtng?T;‘b(’)’g/igfy%ggg?’me”tat’o""

expand ImpactX simulations with stronger space-charge effects and experimental comparisons. 7] Basler AG, pylon APl and Python Programmer’s Guide, 2026.
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