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Abstract: We examine the role of wave-packet localization in the dynamics of radiation 
scattering by free electrons. The applicability of classical field assumptions is discussed. 
 

Quantum analyses of Thomson (or Compton) scattering generally presume that both the electron and the 
incident photon are in exact momentum states, entirely delocalizing them. We investigate scattering when 
both the electron and the incident light are localized packets. Such packets are comprised of a range of 
plane waves, introducing the possibility of quantum interference.  At first glance, one might expect 
interference to be most pronounced when the electron wave packet spreads spatially beyond the 
wavelength of the driving laser field (as depicted in Fig. 1(a)) because different spatial portions of the 
same electron packet oscillate out of phase. 

Does the size of the packet influence the rate of scattering?  In a semi-classical framework, one 
might consider the electron probability current as a source in Maxwell’s equation (i.e. the so-called 
Schrödinger interpretation).  In this scenario, the scattering rate is strongly suppressed if the size of the 
packet exceeds the laser wavelength.  In quantum field theory, however, radiation scattering is 
independent of the phases of electron momentum components in the case of a single-mode incident 
photon. This insensitivity to momentum phase allows one freedom to choose a broad range of electron-
packet spatial sizes without altering the scattering probability. 
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Fig. 1 (a) Computed electron wave packet after natural spreading from an initial size of 1Å .  The spreading takes 
places during 100 cycles in a plane wave with intensity 5.4 ×104  W/cm2  and wavelength 800 nm .  The frame has 
dimensions of two wavelengths per side.  (b) Trajectory and (c) far-field emission pattern for a single point-like 
electron released in a laser focus with wo = λ . 

We give a progress report on photoemission measurements for individual electrons driven by a strong 
laser field. The experiment is designed to test how large electron wave packets radiate, whether with the 
strength of point emitters or as extended emitters capable of interference. The two viewpoints predict 
orders-of-magnitude differences in the emission rates of free electrons in directions perpendicular to the 
driving laser field. 
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