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Attosecond Electron Beam Control with Mid-Infrared Laser Pulses
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The emerging field of all-optical electron-beam control enables the temporal shaping of free-electron
beams at the level of optical cycles. Here we review our two recent experiments where we temporally
compressed sub-relativistic electron beams with mid-infrared laser pulses. In the first experiment, we
produced a train of few-femtosecond electron pulses with sub-picosecond multi-cycle mid-infrared puls-
es. In the second, we modulated the electron beams with single-cycle mid-infrared fields. The modula-
tion with a minus-sine-like waveform produced an isolated attosecond peak. These results provide novel
opportunities in ultrafast electron microscopy, laser-driven electron accelerators, and electron-matter

collisions.
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Fig. 1 Concept of electron pulse compression. (a) Time-
dependent acceleration and deceleration compress
an electron pulse in time. (b) Electron pulse dura-
tions obtained with different modulation wave-
lengths. (c) Modulation amplitude and the cycle
period determine the propagation distance for the
temporal compression.
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Fig. 2 Experiment. (a) Experimental setup. BBO:
Barium borate crystal, YAG: Yttrium aluminum
garnet crystal, NOPA: non-collinear optical para-
metric amplifier. (b) Spectra of the mid-infrared
pulses.
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Fig. 3 Electron pulse compression by multi-cycle MIR
pulses. (a) Observed streaking signal. (b) Train-
averaged pulse durations. (c) Temporal shape of
the produced electron pulse train.
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Fig. 4 Single-cycle control of electron beams. (a)
Observed streaking signal. (b) Waveform of the
MIR pulse. (c) Observed temporal structures in
dependence of the modulation strength. (d)
Observed temporal shapes for the two modulation
waveforms.
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