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Fig. 1 (Color online) Example of coherent X-ray diffraction patterns simulated by assuming the wavelength of the inci-
dent X-ray A =1 A. These plots show the intensity in a log10 scale. (a) A simulated theoretical diffraction intensity
pattern for Lysozyme by assuming incident intensity density 7;= 5 x 102! photons/pulse/mma?. (b) A simulated ex-
perimental diffraction pattern for Lysozyme by assuming I;= 5 X 102! photons/pulse/mm?. (c) A simulated ex-
perimental diffraction pattern for 70s-Ribosome by assuming I;=2.55 x 102° photons/pulse/mm?2.
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Fig. 2 (Color online) Block diagram of the system for hybrid in-
put-output algorithm.
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Fig. 4 (Color online) Correlation pattern for the case of 70s-Ribosome calculated with pair of theoretical diffraction

patterns. (a) In case of the angle 8,;=0.58°. (b) In case of the angle 8;=1.48". (c) In case of the angle ;=

3.00°.
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g. 5 (Color online) Correlation pattern for the case of 70s-Ribosome calculated with pair of experimental diffraction
intensity patterns in a case of the angle 8;=0.58°. (a) In case of incident X-ray intensity density of 7;=2.55 x 1020
photons/pulse/mm2. (b) In case of I;=8 x 10! photons/pulse/mm?. (¢) In case of I;=5 X% 10!° photons/pulse/
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Fig. 6 (Color online) Schematic description of three different orientation Ewald spheres in the wave number space and
plot for detecting an intersecting circle between a pair of enhanced diffraction patterns.
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Table 1 Attainable resolution and necessary number of diffraction
patterns and amount of data for 70s-Ribosome
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Fig. 7 (Color online) Significance map for the case of 70s-Ribo-
some calculated with pair of experimental diffraction intensi-
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Possibility of atomic-resolution single
bio-molecular imaging with X-ray free
electron laser
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Abstract We report our recent study on the development of algorithm for imaging single bio-molecules by
using the X-ray free electron laser. In this method, high intensity coherent femto-second X-ray
laser is irradiated onto a target of a single bio-molecule with random orientation, and two-dimen-
sional diffraction intensity patterns are recorded repeatedly, each time for a different orientation.
The algorithm enables to extract signals necessary to construct an atomic-resolution three-dimen-
sional structure from data deeply immersed in the quantum noise. We also report the present sta-
tus of our effort of implementing the algorithm in the K computer, especially for classification of
many diffraction patterns according to similarity of orientations.
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