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Gradient-free algorithms are commonly used because of the lack of knowledge about the derivative of the
beam properties with respect to the accelerator parameters while running accelerator optimization simula-
tions. However, similar to the automatic differentiation algorithms widely used in the AI/ML community,
recent efforts have been made in the accelerator community to develop differentiable simulation models. In
particular, differentiable space charge simulations benefit because computation time is usually critical in beam
dynamics simulations. Recently, automatic differentiation of space charge simulations using truncated power
series algebra (TPSA) has been proposed and shows its potential. In this study, we developed a differentiable
self-consistent spatial charge model based on Green’s function solver using the Hockney-Eastwood and Vico-
Greengard-Ferrando algorithms.
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