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We present a deep learning approach based on the Noise2Noise framework to denoise multidimensional pho-
toemission spectroscopy (MPES) data obtained with a time-of-flight momentum microscope. Specifically, a
3D U-Net architecture is trained using low- and high-count noisy data, enabling the model to learn noise char-
acteristics without requiring clean images. Our approach excels at reconstructing images even at extremely
low count levels (order of 10^-3 counts/pixel), where conventional denoising techniques simply fail. Tests
show that a 10-min acquisition processed with our deep learning model resolves major features not even vis-
ible after multiple hours of measurement. The presented approach has the potential to streamline the MPES
data acquisition process at table-top/laboratory sources as well as large-scale facilities like FEL FLASH. By
utilizing our method in future studies, researchers will be able to efficiently optimize acquisition parameters;
thus, significant beamtime could be conserved, or an existing beamtime budget could be used more effectively,
allowing for the exploration of a broader parameter space.
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