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Abstract
The relative strengths and weaknesses of X-ray and electron beams for fast, high-resolution imaging will be discussed,
toward the goal of making a molecular movie. Aspects of the comparison include the following :
i). The much higher scattering cross section of electrons, and resulting multiple scattering.
ii) The existence of aberration-corrected lenses for electrons, providing sub-Angstrom probes.
iii) Field-emission sources are brighter than current-generation synchrotrons. Our measurements
of degeneracy for a field-emitter, and our laser-driven photofield fast source will be reviewed.
iv) A cold field-emitter generates perhaps a hundred electrons per picosecond, insufficient to form an image. Hence the
need for "stroboscopic" methods where a triggerable, repetitive process can be found. Multiple delays and projections are
needed for a 3D movie. An X-ray free electron laser produces about 1E13 photons in 20 fs, but practically all either do not
interact with the sample, or are annihilated in production of damaging photoelectrons. Hard X-rays minimize multiple
scattering. EELS allows parallel detection, impossible with X-rays
v) The search for triggerable, repeating processes in materials science. First results from our time-resolved pump-probe
diffraction at the LCLS free-electron hard X-ray laser will be shown.
vii) Differences in time resolution between the methods. Current XFELs produce 10 fs pulses at a repetition rate of about
120 Hz, with correspondingly fast detector readout.
viii) The effects of coulomb interactions on electron beams in producing unwanted energy spread and beam divergence,
and the reduction of these effects at high energy due to relativistic effects.
ix). The discovery that radiation damage can be avoided by using a sufficiently fast X-ray pulse which terminates before
damage begins (1). (Can we outrun knock-on damage with electrons ?).
x). XFEL diffraction from protein nanoxtals provides atomic resolution and femtosecond time resolution, opening up new
possibilities for structural biology: (1) For solution of the phase problem (2). Single-shot patterns from many identical
viruses in random orientations can be merged and reconstructed in 3D.
xi) Is the use of scattering from many identical molecules, randomly oriented in solution, a better approach, in the light of
the work of Z. Kam (4), which does not require modelling ?
Recent experimental results from the latest fast XFEL imaging of photosynthetic membrane proteins and the cathepsin
enzyme will be reviewed (5). High-energy (3 MeV) fast electron diffraction results, with 7E5 electrons per 100 fs pulse and
a 500 micron diameter beam, will also be shown and discussed (6), in addition to electron diffraction movies of the CDW in
TaS2.
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