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Free-electron lasers (FEL) producing ultra-short X-ray pulses with high brightness and continuously tunable
wavelength have been playing an indispensable role in the field ofmaterials, energy catalysis, biomedicine, and
atomic physics. A core challenge is to maintain and improve the transverse overlap of the electron and laser
beams. This requires high-dimensional, high-frequency, closed-loop control with magnetic elements, further
complicated by the diverse requirements across a wide range of wavelength configurations. In this work, we
introduce a proximal policy optimization architecture for FEL commissioning that autonomously learns to
control the set of magnetic elements. We experimentally demonstrated the feasibility of this technique on the
alignment of electron beams and laser beams automatically in Shanghai Soft X-Ray Free Electron Laser User
Facility, by adjusting groups of corrector magnets to maximize the FEL output power.
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