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Symplectic surrogate models for beam dynamics in
conventional and advanced accelerators
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Large scale particle accelerator facilities play essential roles in advancing the frontier of particle & nuclear
physics, photon science and material research. The existing software for modeling the dynamics of these
particle beam that can achieve fast turn-around time is either limited to linear analysis or only provides the
preliminary lattice design evaluation, while first-principle codes (e.g., for coherent synchrotron radiation [1])
for detail study or spot-checking are too expensive for tackling inverse problems, parameter optimization and
data-intensive applications. On the other hand, advanced accelerator concepts typically employ highly non-
linear interaction, often from high intensity lasers, to accelerate or control beams with high current density or
brightness. The successful deployment of surrogate models for such beam dynamics can significantly help the
design and optimization of both types of accelerators. We pursue design and development of novel structure-
preserving neural networks [2] for practical accelerator applications. The robustness of the machine-learning
surrogate model will be ensured by embedding fundamental symplectic constraints to the interaction and
evolution of the beam. We demonstrate the advantage of these symplectic surrogate models [3] and discuss
promising applications for realistic accelerator problems.
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