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Report:

Nanosecond-resolved XMCD experiments are currently carried out at ID24, using either
a pump-probe or a real time approach, allowing dynamic magnetic measurements to be
performed in an element selective way. A detailed study was done on the magnetisation
dynamics of a GdCo, s amorphous thin film, allowing us to obtain a set of important parameters
as well as simple models to describe the magnetisation switching of such a system. For this
dynamical analysis, a pulse of magnetic field in the nanosecond range was applied in the plane
of the sample (the easy axis of magnetisation), while a biasing static field in the opposite sense
ensures that the sample magnetisation will back to its initial condition after the pulse. The
magnetisation is then probed by XMCD, with the x-ray beam in grazing incidence onto the film.,

In this study, three parameters were varied: sample temperature, amplitude of bias field
and amplitude of puised field. As the reversal of magnetisation is normally a thermally activated
process, the temperature dependence has a crucial role in determining important sample
parameters. The Néel-Brown model [1] states that a magnetic material exposed to a driving
magnetic field will reverse its magnetisation as:

(&)
T=Te\

where the Ty is the spin-lattice relaxation time (usually in the 107 range) and the Ep is the
barrier energy related to the internal and external field applied to the sample. This model is valid
only when the external applied field is not far from the coercive static field, that is about 10* T

in the present case.
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Figure 1 shows the dynamic response for Bias Field = 4T
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Brown model is no longer valid. Second, the Figure 1: Time response of a GdCo2.5 amorphous

magnetic compensation temperature is about film at the Gd L3 edge for various sample
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increases, as well as the coercive field H,. It explains the time constant increase from 52ns (80K)

to 102ns (253K), as the temperature approaches T op,.
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From measurements of magnetisation as a function of the pulsed field, we have deduced
the dynamical coercive field of 102 T for a 30ns magnetic pulse width, that is about 100 times
bigger than the static one. An increase in the dynamical coercive field is always observed for all
magnetic materials, but a factor of 100 is quite unexpected. Other magnetically soft materials
must be analysed for comparison.
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The figure 2b was obtained from these
exponential decays, where we can observe a very
good agreement with a simple linear fit. .

Extrapolation for the long times leads to the oo osr oam ot 000 0005 0005 0007
‘static’ coercive field of 10 T. Also the constant e

that appears in the fitting equation can be directly
related to the Ty, that is 3.8 10°7'° for this sample.

Figure 2: a) magnetisation reversal for various
bias fields with temperature and pulsed field
constants; b) linear fit obtained from
exponential decays of a).
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