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Increasing the performance and capabilities of free electron lasers, such as LCLS-II, hinges on our ability
to precisely control and measure the 6-dimensional phase space distribution of the beam. However, con-
ventional tomographic techniques necessitate a substantial number of measurements and computational re-
sources to characterize a single beam distribution, using many hours of valuable beam time. Novel diagnostic
techniques are needed to significantly reduce the number of measurements required to reconstruct detailed,
6-dimensional beam features to enable feedback for precision beam shaping for accelerators and characterize
unknown physical phenomena. In this work, we present a novel approach to analyzing experimental mea-
surements using differentiable beam dynamics simulations and generative representations of 6-dimensional
phase space distributions. We discuss developments in combining this work with advanced accelerator con-
trol algorithms and parasitic beam measurements to autonomously monitor the 6-dimensional phase space
distribution of the beam at LCLS-II during accelerator operations.
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