Machine Learning for the Bragg Coherent Diffraction Imaging phase problem
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David Sayre proposed a solution to the crystallographic “phase problem” immediately after the
announcement of Shannon’ Information Theorem: if diffraction can be sampled more than twice
as finely as the Bragg peak spacing, the problem is overdetermined and can be solved [1]. Sayre
did not explicitly mention the need for X-ray coherence, which has been happily solved with the
development of the latest synchrotron sources. X-ray coherence produces speckle in the
diffraction patterns which can be oversampled to overdetermine the phase problem. Sayre also
did not specifically propose a closed form solution of the phase problem either, however many
methods have been proposed to invert the diffraction to real space images over the 69 years
since, all of them iterative algorithms that converge on the solution. But despite “proofs” to the
contrary [2], when applied to real data with noise, these methods are found to be prone to local
minima giving multiple solutions. In this presentation we make the case that the speckle inversion
“phase problem” will be amenable to Machine Learning approaches. Our first demonstration has
been published for 2D [3] and 3D data [4].
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