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X-ray Free Electron Laser (XFEL) light sources present new opportunities in the imaging of single
particles and biomolecules. The interpretation and analysis of XFEL imaging data depends critically
on a fundamental understanding of the characteristics of the inherently stochastic XFEL pulses
delivered to the instrument. Exploiting the unique MHz repetition rate of the European XFEL
to image single particles requires an improved understanding of both the inter- and intra-train
fluctuations in pulse structure and beam pointing, which are frequently implicated in the loss
of information in XFEL single particle imaging (SPI) and other classes of coherent diffraction
experiment. Failure to account for fluctuations of the electron bunch phase-space and/or trajectory
within a pulse train can result in deviations of the recorded wavefront and intensity statistics from
theoretical behaviour and lead to conflation of the structure of the source and sample in single
particle reconstruction.

Contrary to expectations, X-ray optical data collected at the SPB-SFX instrument of the European
XFEL demonstrates a sensitivity of inter- and intra-train variations in beam pointing to beam deliv-
ery parameters, including the order of a pulse within a train. This data is presented in comparison
to a partially coherent wave optical simulation of the SPB-SFX instrument, through which photon
diagnostics have been designed and developed, with the goal of improving the stability and subse-
quent imaging quality of the user-end photon beam. We describe these preliminary results within
the scope of developing a novel phase-retrieval method applicable to the study of MHz repetition
rate XFEL sources, using nearfield speckle-tracking measurements.
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