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Abstract: Ultrashort laser pulses are used to induce changes of the magnetization
in ferrimagnetic Co,Tb;. alloys. Ultrafast magnetization dynamics has been
probed by tr-XMCD at the CoL; and TbM;s edges. We demonstrated that demag-
netization of the 4f magnetic moment is much faster than in pure Tb when the ex-
cited-state-temperature is below the compensation temperature.

Introduction

Ultrafast magnetization dynamics is an important issue for both fundamental sci-
ence and for applications in order to optimize spin manipulation on a microscopic
level. Application of ultrashort laser pulses allows ultimately the manipulation of
the magnetization of magnetic films down to the femtosecond time scale. There-
fore it is essential to understand the different fundamental processes taking place
during the first hundred femtoseconds. Since the first observation of laser induced
spin dynamics [1] the mechanisms of femtosecond demagnetization have been
widely debated. The standard technique used in these studies is time-resolved
magneto-optic Kerr effect. Nowadays time-resolved X-ray magnetic circular di-
chroism (TR-XMCD) using synchrotron light with femtosecond time resolution is
accessible as a complementary and element-specific tool to study ultrafast mag-
netization dynamics [2-5]. It is now possible to measure absolute values of the
magnetization with a high temporal resolution (130 fs) using the f-slicing source at
the Helmholtz-Zentrum Berlin [2-3]. One of the most striking riddle deals with the
intrinsic time scale of dynamics, faster for 3d transition metals (TM) (~100fs) than
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for 4f rare earths (RE) (~700 fs) [4]. In RE/TM alloys, the indirect 4f-4f coupling
is enhanced due to the presence of 3d electrons in the conduction band. It allows
investigating the effect of 3dmy-5drg exchange coupling. Recently, in ferrimag-
netic Fe 75Co0.34Gd 5, it was shown that Gd shows a long demagnetization time of
430 fs whereas Fe is much faster despite the strong exchange interaction between
both elements [5]. The numerical values of the thermalization times have not been
explicitly addressed.

In this context, we have used laser pulses to induce changes of the magnetiza-
tion in ferrimagnetic Co,Tb, at different working temperatures. The magnetiza-
tion dynamic has been probed at the CoL; and TbM5 edges [6]. We show that the
demagnetization time of the 4f magnetic moment can be reduced to values down
to T = 280 fs compared to pure Tb (=740 fs). Our observations also suggest that
in case of multisublattice ferrimagnets the 4f demagnetization is faster when the
excited-state temperature is below the compensation temperature (Tcom,) Whereas
it is slower when the excited-state temperature approaches the Curie temperature
(Te) [6]-

The pump fluences used during our experiment were adjusted to 12 mJ/cm? for
C0074Tbg 2 and 21 mJ/cm?® for CoggsThy 14 in order to reach similar amplitudes of
demagnetization. The 15 nm Co-RE alloys have been grown on Si3N; membranes.
The films are characterized by T, Where the magnetic moments of the Co and
the rare-earth sublattices compensate and by a specific T¢ where the magnetic or-
der is lost. A temperature dependent XMCD study at the CoL; and rare-earth M
edges has been performed to characterize the different films ( Tcomp and T¢) [6].
The pump-probe experiment was performed at film temperatures close to room
temperature or slightly above so that the laser excited state temperature is either in
the vicinity of T¢ (Cogs6Tbo.1s ) OF Teomp (Cog74Tbo26). In Figure 1 a, and b we
show the ultrafast dynamics obtained at the Co L; and Tb Ms edges for the
Coy.74Tbg 26 alloy. The XMCD amplitudes are normalized to the quantitative static
XMCD measurements [6]. A model detailed elsewhere [6] suggests that for local-
ized 4f electrons an increase of the spin relaxation time leads to larger
thermalization times in the vicinity of T¢. This model also explains why only mi-
nor changes are observed for 3d electrons in Co. This is confirmed by comparing
the ultrafast dynamics at the TbMs edge in Cog74Tbgss (~280fs) and CoggsTby 14
(~500fs) where the excited-state temperature is below Ty, resp. Tc (Figure 1 b
and c). Finally, we wish to point out that although the 4f elements studied so far
are demagnetization rate limited close to T¢ by the divergence of 4f spin fluctua-
tions, this can be overcome using Tcom, in the ferrimagnetic alloys. In the future,
more studies on specific ferrimagnetic materials, consisting of two antiparallel-
coupled sublattices, are requested to fully describe this effect.
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Fig. 1. (a, b) Ultrafast dynamics of Co L; (triangles) and Tb Ms (open circles) edges in
Co00.74Tbg 26. (¢) Ultrafast dynamics of Tb Ms edge (open squares) in Cog g6 Tbo 14 .
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