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All areas of nanoscale imaging and spectroscopy, from electron to visible to X-ray, are
undergoing revolutionary advances. These are being driven by the development of large and
small scale coherent X-ray sources, powerful electron microscopes that can image with near-
atomic resolution, combined with advances in computational imaging. The NSF STC on Real-
Time Functional Imaging (STROBE) is developing a new set of powerful, accessible, and
broadly applicable real-time imaging modalities that can image disordered systems, implement
dynamic imaging with a large field of view, with chemical and magnetic contrast, and with
atomic/molecular/nanoscale resolution, that are applicable in situ under environmental conditions
and that are minimally invasive. A host of applications in nanoscience and nanotechnology have
already been demonstrated, including full-field microscopes with sub-wavelength
spatial resolution in the soft X-ray region for the first time; quantifying how nanoscale energy
flow differs from bulk; measuring how fast a material can change its electronic or magnetic state,
probing how spin currents can control and enhance magnetization in ultra thin films;
and visualizing the dynamic band structure of material in real time. In electron imaging, it is now
possible to etermine the 3D coordinates of all individual atoms in a nanoparticle to correlate 3D
atomic arrangements and chemical order/disorder with material properties at the single-atom
level. Finally, for metrology in support of advanced nano-macturing that will use wavelengths in
the extreme ultraviolet (EUV) region of the spectrum, new coherent imaging techniques surpass
traditional approaches in terms of spatial resolution, speed and cost per image.
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