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As first noted by David Sayre in 1952 [1], diffracted intensities between Bragg reflections can be 
employed to directly solve the phase problem in crystallography. These so-called inter-Bragg 
intensities, in conjunction with the Bragg reflections, uniquely determine the continuous molecular 
transform of the unit cell and existing iterative phase retrieval algorithms developed for single 
particle imaging [2] can then be used to recover the unit cell’s electron density [3-6]. Diffracted 
intensities between Bragg reflections have now been observed from nanocrystals of biomolecules 
illuminated by the intense and coherent radiation from x-ray free-electron lasers (XFELs) [7]. 
However, a pressing hindrance of this phasing method is that intensities between Bragg peaks 
depend crucially on the spatial arrangement of every molecule in the crystal, including ones on the 
edge of the crystal where they may not form a complete unit cell [4,8,9]. Therefore, due to the 
nature of the data collection process from XFELs where a reciprocal space intensity volume is 
assembled from an ensemble of crystals of different sizes and shapes, new algorithms need to be 
considered in order to extract the information contained within the inter-Bragg reflections. The 
fundamentals of this puzzle will be introduced and current algorithmic developments in dealing 
with it outlined in this presentation. 
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