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Fig. 1. (color online) Temporal profile and fitting results of
magnetization precession response measured at 8 K with
optical excitation of 775 nm without external magnetic

field applied. Inset shows the zoom-in results.
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Fig. 2. Magnetization precession excited by the linearly-
polarized light of 775 nm. The red solid line is the fitting
result based on LLG equation. Inset shows the preces-

sional motion of magnetization in y-z plane.
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Fig. 3. (color online) (a)—(c) Temporal profiles of the
xr—, y—, z— projections of magnetization precession,
respectively; (d) temporal profile of the tilting angle 0
of the effective magnetic field Hg.
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Abstract

Laser-triggered magnetization dynamics for diluted magnetic semiconductor (Ga, Mn)As has drawn great attention
in recent years, aiming at studying the ultrafast manipulation of collective spin excitations towards spintronic information
processing. In this work, different fitting methods for time-resolved magneto-optical Kerr effect (TR-MOKE) study of
the laser-triggered magnetization dynamics in a diluted magnetic semiconductor (Ga, Mn)As are analyzed and compared.
It is known that the exponentially damped cosine harmonic function and the numerical simulation based on Landau-
Lifshitz-Gilbert (LLG) equation are usually applied to fit the laser-induced magnetization dynamics from TR-MOKE
measurements. Under the specified experimental conditions, it is sometimes hard to fit the TR-MOKE response well
with single-mode uniform precession by using the exponentially damped cosine harmonic function. Although the fitting
with multiple precession frequencies may usually show much better fitting results, the numerical simulation based on
LLG equation reveals that the multi-frequency precessional modes are caused by the superposition of three-dimensional
trajectories of magnetization precession with different contributions from the in-plane and out-of-plane magneto-optical
response in (Ga, Mn)As. Thus, the multi-frequency precessional modes obtained by adopting the fitting method with
exponentially damped cosine harmonic function could be the fake ones. Meanwhile, it is important to note that though
the LLG equation can be used to fit the macroscopic magnetization precession well with single frequency, the contribution
of pulse-like background response from photo-generated polarized carriers at the above-bandgap excitation is strongly
superimposed on the magnetization precession response, and the pulse-like background response cannot be described
by LLG equation. Thus one should be cautious of applying LL.G equation only to fit the entire TR-MOKE signal,
especially when the excitation energy is above the band gap of (Ga, Mn)As. One may combine both fitting methods,
namely, fitting with the exponentially damped cosine harmonic function and the LLG simulation by considering both
the in-plane and out-of-plane magneto-optical response of (Ga, Mn)As film in order to properly fit the laser-triggered
magnetization dynamic response from TR-MOKE measurements. The proper handling of fitting methods helps to
extract the dynamic magnetic parameters correctly and to further understand the physical mechanisms for triggering
the ultrafast manipulation of collective spin dynamics. This is fundamentally important for developing novel spintronics

based on diluted magnetic semiconductor (Ga, Mn)As.

Keywords: magnetization dynamics, (Ga, Mn)As, time-resolved magneto-optical Kerr effect (TR-
MOKE)
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