3D X-ray microscopy by phasing diffraction patterns: prospects and limitations
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This presentation addresses the questions of what performance can we expect from a 3D
diffraction microscope and what will set the limits. In particular we make a quantitative
calculation of the dose required for imaging at any given resolution and statistical
accuracy with a model sample consisting of protein against a background of water. We
derive the dose needed for 3D imaging by use of the dose-fractionation theorem of
Hergel and Hoppe and determine that for 3D imaging, the dose scales inversely as the
fourth power of the resolution. Thus far the calculation has made no reference to the
amount of dose that the sample can tolerate. The critical dose for destruction of features
of a given size in a protein sample has been fairly widely investigated by various
interested communities (spot-fading experiments etc) and we have assembled a body of
information from the literature of both x-ray and electron imaging. When the dose
required for imaging a feature according to the Rose criterion and the critical dose for
destruction of features is displayed on a common plot of the dose against feature-size,
one can see that imaging life science samples with a resolution of about 10 nm should be
possible. For the more radiation-resistant samples investigated in material science
research, significantly better resolution of about 2-4 nm is expected. Another
requirement for these experiments to be useful is that the exposure time should be not
more than a few hours for a complete tilt series. We address this question in a similar
way to the dose and find that (a) the required coherent flux also scales with the inverse
fourth power of the resolution and (b) the exposure times are reasonable even for present-
day synchrotron sources provided that optimally chosen undulators and optical systems
achieving their design performance are used.
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