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  The advent of femtosecond lasers which can by used to control X-ray and electron sources 

promises the development of diffaction techniques for the determination of excited-state structures 

and time-resolved "movies" of molecular transformations [1, 2].  A recent electron gun design [3] 

offers 30fs, 0.1 pC pulses from 100 kV electrons with a spot size of 500 microns and 3nm coherence 

width. This gun is based on a photocathode, two magnetic lenses, and an RF cavity. In this paper we 

propose the use of this gun in a pump-probe arrangement, for gas diffraction in combination with a 

new method of molecular image reconstruction [4,5].

  Figure 1 shows the experimental arrangement. Gas-phase molecules are injected using a free-

expansion nozzle at A, with rotational temperatures of a few degrees Kelvin. An Omega filter passes 

only those electrons which have not lost more than about one electron-volt energy while traversing 

the gas jet. CCD detectors with high-speed readout have recently become available, and an electron 

scintillator screen of corresponding speed will be required. The laser beam is split to arrive first at 

the sample, where intermediate states of the molecules are excited, then, after a delay, to the 

photocathode, to generate a pulse of electrons which generates a diffraction pattern. The repetition 

rate is synchronized to the detector. Many patterns may be collected for each delay. Each different 

delay provides a different frame of the final movie. Since only a small fraction of molecules are 

excited, differences between patterns from dark and illuminated molecules must be used.  We note:

  1. The thousand-fold increase in scattering cross-section over X-ray diffraction produces a strong 

signal, yet multiple scattering effects are negligible through use of 100 kV electrons 

  2. The low rotational temperature of the gas molecules produces diffraction from static structures, 

allowing longer pulses containing more electrons.

  3. The transverse spatial coherence is adequate for molecular diffraction, preventing interference 

between electrons scattered by different molecules (as required by the inversion algorithm [4]).

  4. The Omega filter removes inelastic scattering, which otherwise dominates for light elements.

  5. By working with molecules whose ground state structure is known, the inversion problem for 

reconstructing the excited states becomes a problem of linear algebra.. 

   The remarkable inversion algorithm (a development of work by Kam [6] ) uses many patterns, 

each from many identical molecules lying in random orientations, and reconstructs from them the 

pattern from a single molecule. This can then be phased using iterative phasing methods [7]. In brief, 

measurable angular correlation functions of diffraction patterns from identical particles are 

independent of the orientations of the particles. Oversampled diffraction patterns of individual 

particles (e.g. molecules) may be extracted from these correlation functions, which may then be 

inverted to yield the molecular potential maps [5]. Figure 2 shows a two-dimensional example of 

single-particle diffraction pattern recovery for the K-channel protein, using simulated data for 

molecules aligned along a single axis. Experimental results using X-rays are given in [5].
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Figure 1. Schematic arrangement for gas electron diffraction. At B a fast-readout CCD operating at  20 

HZ is sychronized with the photocathode. A free-expansion nozzle at A injects gas at low temperature.

Figure 2. Simulated examples of the  reconstruction of a single-molecule diffraction pattern using the 

scattering from many identical molecules in random orientations. The number of particles contributing 

to each pattern, and the number of patterns, is indicated below. The molecules differ by random 

rotations about a single axis. The random starting phases produce random rotations of the result. 

Iterative phasing methods can then be used to recover a potential map of the molecule.
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