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Phase space reconstruction of downramp-injection
LPA electron beam for modeling FEL operation
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Free electron lasers (FEL) are powerful scientific tools for a wide variety of applications which require bright,
coherent X-ray light. FELs require electron beams with high requirements on brightness, as well as alignment
and matching into the undulators. At the Hundred Terawatt Undulator (HTU) system at the BELLA Center, we
are aiming to demonstrate a compact Laser-Plasma Accelerator (LPA)-driven FEL using 100-500 MeV electron
beams from a gas jet target. Knowledge of the electron beam phase space prior to the undulator is key for
achieving good FEL operation, and creative beam diagnostics can greatly improve our understanding of the
electron beams generated in the compact LPA.

We present progress at adapting a machine-learning approach to reconstructing the transverse electron beam
phase space using images of the electron beam in a quadrupole magnet scan. While this algorithm has previ-
ously been used with great success for electron beams produced in conventional accelerators, here we perform
reconstructions using beams injected from an LPA with considerably more shot-to-shot jitter. Additionally,
by including a dipole magnetic spectrometer we can improve this 4D transverse reconstruction to a 5D recon-
struction using the electron beam’s energy spectrum.
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