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In the last decade, electron microscopy, one of the most powerful and versatile techniques for 

the study of materials properties on atomic length scales, has been propelled to the realm of ultrafast 

dynamics. In an ultrafast transmission electron microscope (UTEM), ultrashort laser pulses are 

employed to pump a sample, which is then probed at a later time by ultrashort electron pulses. Besides 

time-resolved measurements of nanoscale dynamics, this allows for a quantum coherent manipulation 

of free electron beams with optical near-fields. The otherwise forbidden inelastic scattering between 

the free electrons and light is enabled by near-field confinement. Traversal of an optical near-field 

imprints a sinusoidal phase modulation on the electron wavefunction, such that the energetically 

narrow incident electron beam develops photon sidebands in its kinetic energy spectrum [1-3]. 

In this contribution, I will demonstrate coherent control schemes using free electrons. First, an 

electron-light interferometer is realized, in which the momentum distribution generated by a first near-

field is further broadened or recompressed to the initial distribution depending on the relative near-

field phase (Fig. 1a) [4]. Second, phase-controlled two-color excitation allows for tailoring complex 

phase modulations and strongly asymmetric electron energy spectra (Fig. 1b) [5]. These results open 

up a new path in the active manipulation of free electron beams, with the opportunity to generate 

specific transverse profiles and arbitrary temporal electron pulse structures. In the future, such 

schemes may enable new forms of time-resolved electron microscopy with sub-femtosecond precision. 

 

Fig. 1 a Sequential interaction of two near-fields with a free electron beam. The width of the resulting 

electron kinetic energy spectra depends on the relative near-field phase. b Two-color coherent control 

of free electron states in a single near-field. For simultaneous interaction with both frequencies (right 

panel), the electron energy spectra exhibit strongly asymmetric populations, which sensitively depend 

on the relative phase. 
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