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Studies of light-induced demagnetization started with the experiment performed by Beaupaire et
al. on nickel. Here, we present theoretical predictions for X-ray induced demagnetization of nickel,
with X-ray photon energies tuned to its M3 and L3 absorption edges. We show that the specific
feature in the density of states of the d-band of Ni, a sharp peak located just above the Fermi
level, strongly influences the change of the predicted magnetic signal, making it stronger than in
the previously studied case of cobalt. We believe that this finding will inspire future experiments
investigating magnetic processes in X-ray irradiated nickel.

I. INTRODUCTION

Ultrafast control of magnetization with lasers remains
a hot topic in laser and solid-state physics communities.
Apart from traditional terahertz and optical lasers, the
state-of-art XUV or X-ray free-electron lasers [1–5] are
now also used for demagnetization studies. The main ad-
vantage of these lasers is possibility to resonantly excite
core electrons to the magnetically sensitive d-band. As
the electronic occupation in the the d-band determines
the magnetization of the material, the X-ray induced
electronic excitation changes the population of spin-up
and spin-down electrons in the band. This results in
the decrease of the total magnetic moment in the ma-
terial [6–8]. In our previous studies [6, 7], we modeled
the experimentally observed ultrafast decrease of the X-
ray scattering signal from X-ray irradiated cobalt which
reflected a transient decrease of the cobalt magnetic mo-
ment. The XSPIN simulation tool was developed to fol-
low the progressing demagnetization of cobalt. Our stud-
ies have shown that the signal decrease can be explained
by ultrafast electron-driven demagnetization.

In this paper, we will apply our model to another
widely-used magnetic material, nickel. Magnetic mo-
ments of nickel and cobalt are 0.66 µB and 1.70 µB re-
spectively [9]. As nickel’s Curie temperature (627 K)
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[10] strongly differs strongly from that of cobalt (1400
K), such study can reveal a potential effect of the Curie
temperature on the demagnetization dynamics. Laser
triggered demagnetization of nickel has been studied in
various papers, see, e.g., [11–15]. Interestingly, so far,
we have not found any relevant experimental data on Ni
demagnetization recorded at XFEL facilities. Therefore,
the actual comparison between Co and Ni demagnetiza-
tion will be performed with theoretical predictions only.

A. Simulation scheme

As in our previous works [6–8], we will use our re-
cently developed XSPIN code to obtain predictions for
the ’magnetic signal’ from the X-ray irradiated nickel.
The electronic density of states is obtained from the den-
sity functional theory (DFT) calculations implemented
in the Vienna Ab initio Simulation Package (VASP) [16–
18]. Average absorbed doses considered in the simula-
tions are chosen not to cause structural changes (atomic
dislocations) in the irradiated materials. Therefore, the
equilibrium density of states (DOS) can be used through-
out the whole simulation (the ”frozen atom” assump-
tion). The occupations of electronic levels change dur-
ing the material exposure to the X-ray pulse, as due to
the photoionization, impact ionization and Auger pro-
cess, excited electrons leave the band to the continuum.
Later, they relax back to the band. As the electrons are
heated up by the pulse, they remain hot on femtosecond
timescales considered in this study, as their temperature
can only decrease through an exchange with the lattice
which follows on longer ((sub)ps) timescales. Moreover,
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