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Abstract: Coherent terahertz control of magnetization dynamics is an area of current interest due to

its great potential for the realization of magnetization control on ultrafast timescales in commercial

devices. Here we report on an experiment realized at the THz beamline of the free electron laser

FLASH at DESY which offers a tunable terahertz radiation source and spontaneously synchronized

free-electron laser X-ray pulses to resonantly probe the magnetization state of a ferromagnetic

film. In this proof-of-principle experiment, we have excited a thin Permalloy film at different THz

wavelengths and recorded the induced magnetization dynamics with photons resonantly tuned to the

Ni M2,3 absorption edge. For THz pump pulses including higher orders of the undulator source we

observed demagnetization dynamics, which precise shape depended on the employed fundamental

wavelength of the undulator source. Analyzing the shape in detail, we can reconstruct the temporal

profile of the electric field of the THz pump pulse. This offers a new method for the realization of an

in-situ terahertz beamline diagnostic which will help researchers to adjust the pulse characteristics as

needed, for example, for future studies of THz induced coherent control of magnetization dynamics.
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1. Introduction

One of the main drives for ultrafast magnetization dynamics studies is applications
in magnetic storage technology and logic operations with spintronic devices [1]. For ex-
ample, breaking the current nanosecond time scale limit for magnetization manipulation
would allow to create ultrafast magnetic devices as needed for future Big Data or Artificial
Intelligence applications. To achieve this goal, it is not sufficient to only demagnetize a
system as demonstrated on the femtosecond time scale in 1996 [2]; instead, it is neces-
sary to completely control its magnetization. In that regard, the experiment realized by
Vicario et al. [3] is remarkable. Using a terahertz (THz) pump, these authors were able to
initiate a non resonant precession of the magnetization in a thin cobalt film on the time
scale of a picosecond. This observation opens up the way to the deterministic control of
magnetization with ultrashort pulses.

THz pulses have a longer wavelength than infrared (IR) pulses, hence a lower fre-
quency. Consequently, the THz photon energy is lower (by almost three orders of mag-
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