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Time-resolved X-ray diffraction provides direct measurement of structural dynamics, accessing
critical spatiotemporal parameter spaces that are difficult to reach otherwise. In this talk, I will
overview the recent progress on nanoscale structural characterization, followed by two recent
examples to show how ultrafast x-ray diffraction can help us understand nanoscale structural
dynamics. The first example uncovers collective excitation in topological ferroelectric nanostructures
[1]. A unique soft mode is identified as a pair of oscillating polar vortex cores that can be significantly
tuned by strain around room temperature. The discovery of tunable vortexons opens a new avenue for
high-frequency dielectrics and optoelectronics applications. The second example reveals the structural
phase evolution during the first-order phase transition in FeRh. The nanoscopic insights of phase
transition can help guide the design of energy-efficient magnetic recording devices. Last, I will
provide an outlook for multimodal, multiscale x-ray imaging techniques at DOE facilities.
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