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Sub-picosecond terahertz (THz) electromagnetic pulses are a powerful tool to probe and even control numerous
low-energy modes of condensed matter. Here, we consider experiments showing that THz radiation is also a very
useful and versatile tool to study spin transport and the only recently discovered spin Seebeck effects at
extremely high (THz) frequencies.
First, we launch spin transport in spintronic bilayers such as Fe|Pt by means of a femtosecond laser pulse (see
figure). Detection of the ultrafast spin current is facilitated by the inverse spin Hall effect that deflects spin-up and
-down electrons in opposite directions, resulting in the emission of a THz pulse [1]. Sampling of the THz field
allows us to monitor the spin transport and provides a quick and easy estimate of the strength of the spin Hall
effect in a contact-free manner. Optimization of the spintronic thin-film structure has led to new, efficient and
scalable emitters of THz pulses that fully cover the range from 1 to 30 THz without gap [2].
Second, this technique is applied to YIG/Pt heterostructures, thereby allowing us to test the ultimate speed limit
of the spin Seebeck effect. By extracting the spin-current dynamics from the measured THz waveform [3], we find
that the spin Seebeck effect is even operative at extremely high, that is, THz frequencies [4].
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