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Abstract

The study of advanced accelerators is essential to the growth of physics and drives technological innovation. This paper explores how automation and artificial intelligence (Al) can improve the performance
of accelerator physics at Brookhaven National Laboratory’s (BNL) Accelerator Test Facility (ATF). This was done through four modules: Al in materials discovery, optics, superconducting magnets (SCM),
and ultrafast electron diffraction (UED). For optics, we examined fiber coupling, timing synchronization, and mirror alignments which the set ups were stimulated in 3D Optix. The SCM module focuses on
designing quadrupole magnets in Opera3D and MATLAB to analyze current density scaling effects. UED utilized ImpactX for particle tracking and space-charge simulations to ensure beam integrity.
Finally, we used Al in materials discovery by combining feature engineering and embeddings to predict an optical material’s refractive index via an ensemble gradient boosting regressor.

Methodology
Optics and Lasers Superconducting Magnets (SCM) |Electron Beam (UED) Al in Materials Discovery

3DOptiX.was used to r.ecreate exp.erimental.setups and laser | The software Opera3D was used to model .two quadrupole. The package ¥mpactX was utilized to simulate clectron ML was used to predict the refractive index of optical
propagation through different optical materials and magnets for beam focusing. Through a variety of parametric | beam generation, focusing, and propagation. materials from their chemical formula and crystal structure.
nonlinear crystals. studies .by changing the cul.‘rent densities, we assessed the Initial Electron Beam We merged engineered descriptors with embeddings into a
3DOptix: Michelson Interferometer ﬁ??SXBﬁeld strength which was calculated through (Normalized Emittance = 1 mm-mrad) unified set, which feeds into an ensemble gradient boosting
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alignment and accurate These two quadrupole magnets had electromagnetic The XGBoost model was trained on engineered descriptors
signal time delay modeling performed to evaluate the relationship between RF cavities were utilized to see energy gain and and hidden embeddings to predict refractive index from
measurements to ensure current density and magnetic field strength. This helps longitudinal bunching, while space charge simulations, material composition and crystal structure. XGBoost builds
simultaneous arrival of visualize the optimization of beam transport and focusing | were conducted to evaluate Coulomb repulsion effects an ensemble of decision trees sequentially, with each tree
the optical and RF of quadrupoles. on beam size and emittance growth across a range of learning to reduce the remaining prediction error from the
signals. beam energies (1 MeV-1 GeV). previous trees.

Results & Analysis
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stable field purity throughout the operating range.
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