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Laser-induced ultrafast demagnetization in ferrimagnetic Gdx Fe100−x−y Coy thin ﬁlms was studied experimentally as a function of Gd concentration (x = 18, 22, 24, 30%, and y ≈ 9–10%), pump ﬂuence, and sample
temperature. The results showed that the conditions for full demagnetization at the ultrafast time scale in
Gdx Fe100−x−y Coy thin metal ﬁlms are easily achieved below the magnetization compensation point (TM ) and,
furthermore, when the ratio between Gd and Fe concentrations is not too large. Consequently, the ultrafast
demagnetization strongly depends on the initial temperature of these alloys compared to their TM . These results
provide further insight into the unconventional ultrafast dynamics of multisublattice metallic magnets.
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I. INTRODUCTION

The possibility to manipulate magnetic order with the
help of a femtosecond laser pulse has been a subject of
intense discussions in modern magnetism1 since the seminal
observation of subpicosecond laser-induced demagnetization
in metals.2 The interest in this subject is partly fueled by the
fact that ultrafast laser manipulation of magnetic order has a
high potential3–7 to revolutionize present magnetic recording
and information processing technologies. In particular, such
an approach is expected to push these technologies into the
range of unprecedentedly high operational frequencies above
10 GHz, i.e., with writing-reading times less than 100 ps.
Most research in ultrafast magnetism is devoted to the investigation of the (sub)picosecond demagnetization in metallic
magnetic materials excited by an ultrashort (femtosecond)
laser pulse.8–14 Although in most cases the demagnetization
is not complete, being often at the level of only a few
percent, the majority of this research has been focused on
understanding the time scale of this demagnetization and on
novel channels of angular momentum transfer from the spin
system.1 At the same time, however, it has been noted that
in the case of incomplete demagnetization the rate at which
the magnetization drops might have nothing to do with the
characteristic interaction time of the spins with other reservoirs
of energy and angular momentum (electrons and phonons).
Instead, this demagnetization time is mostly determined by
the characteristic time of the electron temperature drop.15
It is also obvious that, in order to reach an efﬁcient optical
control of magnetism in a medium, one should achieve proper
conditions for a complete demagnetization or, better, magnetization reversal.16–20 Indeed, it was demonstrated recently
that if a rare earth (RE)–transition metal (TM) ferrimagnet,
having antiferromagnetically coupled nonequivalent RE and
TM magnetic sublattices, is brought into a transient state
with no net magnetization on a subpicosecond time scale, the
subsequent relaxation from this state leads to a deterministic
reversal of the initial net magnetization of the medium17 if the
1098-0121/2012/86(5)/054442(7)

absorbed energy is great enough.21 These and earlier results
of all-optical magnetization reversal in Gdx Fe100−x−y Coy
alloys18,19 logically lead to the question why these RE-TM
alloys show such interesting and useful properties. Several
parameters of the switching process appear to depend on
Gd concentration, which is not well understood so far.20
Therefore, understanding how the ultrafast demagnetization
of RE-TM alloys depends on Gd concentration, temperature
of the sample, and pump ﬂuence is an important and timely
issue.
In this article, we present results of time-resolved stroboscopic magneto-optical pump-probe experimental studies
of laser-induced ultrafast demagnetization in ferrimagnetic
Gdx Fe100−x−y Coy alloys with Gd concentrations varying
between 18% and 30%. We have investigated the degree of
ultrafast demagnetization as a function of sample temperature,
laser pump ﬂuence, and concentration of Gd. The degree of
demagnetization as a function of laser pulse ﬂuence shows a
similar trend in all studied samples. By contrast, variation of
the sample temperature affects the ultrafast demagnetization
differently in different samples. An analysis of the results
clearly shows that the degree of the ultrafast laser-induced
demagnetization strongly depends on Gd concentration and in
particular on the relative temperature (TM -T ) of the ferrimagnet compared to its magnetization compensation point TM . The
ﬁndings reveal that the ratio between the magnetizations of the
Gd and Fe sublattices plays a crucial role in the process of
the laser-induced demagnetization. For instance, the most
efﬁcient demagnetization is achieved when the sample temperature is below TM and the magnetizations of the sublattices
are comparable. We analyze the revealed trends in light of
the latest achievements in the area of ultrafast laser-induced
magnetization dynamics of multisublattice magnets.17,19,22
This article is structured as follows: In Sec. II we discuss
the experimental setup that has been used to study the ultrafast
laser-induced magnetization dynamics. Samples and their
characterization are discussed in Sec. III. In Sec. IV we
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present the experimental results, followed by a discussion and
conclusions in Secs. V and VI, respectively.
II. EXPERIMENTAL TECHNIQUE

In order to probe the magnetic state of the metallic alloys,
we employed the magneto-optical Faraday effect. The latter is
seen as a rotation of the polarization of linearly polarized light
over an angle θ upon propagation through a magnetic sample.
The angle of rotation is proportional to the scalar product of the
magnetization of the medium M and the wave vector of light
k: θ ∼ MZ ·k, where MZ is the projection of M in the direction
of propagation of light. In RE-TM alloys, the magneto-optical
susceptibility in (the visible) and near-IR regime is deﬁned by
the TM ions. Thus, M stands for the Fe magnetization.
In order to study the laser-induced magnetization dynamics, a time-resolved stroboscopic magneto-optical pumpprobe technique was employed. Depending on the magnetic
anisotropy of the sample, two different conﬁgurations of the
experimental setup were used. For the study of samples with
out-of-plane magnetic anisotropy, the probe beam was set at
normal incidence. Such a conﬁguration was chosen in order
to maximize the magneto-optical signal from the medium. For
the study of the samples with in-plane magnetic anisotropy, the
angle of incidence of the probe beam was set to about 60◦ in
order to increase the k · MZ product. As shown in Fig. 1(a), an
external magnetic ﬁeld H generated by an electromagnet was
applied at an angle of 60◦ to the sample plane for out-of-plane
anisotropy samples, while for in-plane anisotropy samples, H
was at an angle of 20◦ . The angle of incidence for the pump
beam was 60◦ in both cases.
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The corresponding experimental setup is shown in Fig. 1(b).
A Ti:sapphire laser system in combination with an ampliﬁer
was used to generate 100-fs laser pulses with a central photon
energy of 1.54 eV and a repetition rate of 1 kHz. Linearly
polarized pump and probe beams were focused on the samples
into spots of around 200 and 100 μm in diameter, respectively.
The intensity of the pump beam was at least 100 times larger
than that of the probe. The delay between the two pulses
was controlled by a retroreﬂector on a motorized translation
stage in the pump beam path. After being transmitted through
the sample the probe radiation was collected with a balanced
detectors scheme [Fig. 1(b)]. In the measurements we used an
extra modulation of the probe beam with a chopper operating at
500 Hz and synchronized with the 1-kHz pulse sequence from
the laser ampliﬁer. The difference signal from the photodiodes
was ﬁrst sent to a boxcar integrator triggered by a 1-kHz signal
from the laser. The output of the boxcar integrator was further
analyzed by a lock-in ampliﬁer which used the 500-Hz signal
from the chopper as a reference and then recalculated into the
rotation of the probe polarization plane θ . Such a conﬁguration
allowed us to detect the polarization rotation θ while avoiding
the effects of scattered light from the pump beam. Measuring
the signal from the lock-in ampliﬁer as a function of position
of the delay line, we were able to record the temporal behavior
of the magneto-optical signal in a laser-excited sample. The
pump-probe measurements have been performed for samples
with magnetization saturated and oriented in the direction of
the easy axis of the magnetic anisotropy. For this we applied
a magnetic ﬁeld slightly above the coercive ﬁeld HC of the
corresponding sample. In order to reduce the inﬂuence of
possible artifacts irrelevant to the dynamics of the Faraday
rotation, we conducted the measurements of the rotation θ
at two opposite directions of applied magnetic ﬁelds and
took the difference between the measured signals to obtain
θF = [θ (+H ) − θ (−H )]/2.
With an optical cold-ﬁnger helium ﬂow cryostat, the sample
temperature was varied in the range from 10 to 350 K. Note that
due to the 1-kHz high-power laser excitation and a nonideal
heat transfer from the laser-excited spot, the temperature of
the sample was higher than the temperature of the sample
holder in the cryostat. This temperature increase was calibrated
by comparing absolute values of the static Faraday rotation
when the pump beam was present and blocked. Typically, the
laser-induced increase of the average sample temperature was
below 60 K. This offset heating has been taken into account in
all the measurements shown in the following sections.
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FIG. 1. (Color online) (a) Geometry of the experiments for
samples with out-of-plane anisotropy (left) and for samples with
in-plane anisotropy (right). (b) Sketch of the time-resolved pumpprobe experimental setup. After every pump pulse, the delayed probe
pulse monitors the pump-induced changes in the magnetization of
the sample. A balanced detection scheme, consisting of a Wollaston
prism and two photodiodes, senses the probe polarization.

The ferrimagnetic amorphous rare earth–transition metal
(RE-TM) alloys are well known for their applications in
magneto-optical storage media.23 The ferrimagnetic properties
of GdFeCo alloys are essentially determined by the fact that
the Gd spin moments (4f and 5d) are aligned oppositely
to the spin moments of Fe (3d) and Co.24 Because of
different temperature dependencies of the magnetization of the
sublattices, these alloys possess a magnetization compensation
temperature TM in a certain range of Gd concentrations, where
the magnetizations of the two sublattices exactly compensate
each other.
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FIG. 2. (Color online) Static Faraday rotation θF as a function
of magnetic ﬁeld H in Gd24 FeCo (out-of-plane anisotropy) and in
Gd30 FeCo (in-plane anisotropy). (a) The measurements for Gd24 FeCo
at 220 K (top) and 320 K (bottom). Note the reversal of the hysteresis
loop after crossing the compensation point (TM = 270 K). (b) The
measurements for Gd30 FeCo at 20 K (top) and 320 K (bottom).

The samples studied are thin multilayer ﬁlms of AlTi (10
nm)/SiN (5 nm)/Gdx Fe100−x−y Coy (20 nm)/SiN (60 nm),
grown by magnetron sputtering on glass substrates. The AlTi
layer serves as a heat sink, and the bottom SiN layer, which is
5 nm thick, works as a buffer layer while the top one, which is
60 nm thick, works as a capping layer and antireﬂection coating. The magnetic properties of GdFeCo, such as coercive ﬁeld
(HC ), saturation magnetization (MS ), magnetic anisotropy,
and magnetization compensation temperature (TM ), and also
structural properties like crystallinity or amorphousness, all
depend on Gd concentration x (in percent).25,26
Magneto-optical studies using 800-nm light showed
that Gd18 Fe71.8 Co10.2 and Gd30 Fe61.3 Co8.7 ﬁlms have inplane magnetic anisotropy while Gd22 Fe68.2 Co9.8 and
Gd24 Fe66.5 Co9.5 have out-of-plane anisotropy. Figure 2(a)
shows the hysteresis loops measured for Gd24 Fe66.5 Co9.5
ﬁlms at two different temperatures, 220 and 320 K. Since
the magneto-optical susceptibility in the spectral range of
the probe pulse (800 nm) is deﬁned by the Fe sublattice,
the reversal of the hysteresis loop indicates crossing of the
compensation point TM . In Fig. 2(b), we showed the hysteresis
loops for an in-plane-anisotropy sample (Gd30 FeCo) measured
at 20 K and at 320 K. As mentioned before, two different conﬁgurations were used depending on the magnetic anisotropy
of the sample. The shape of the measured hysteresis loops in
both conﬁgurations conﬁrmed that the applied magnetic ﬁeld
was strong enough to saturate the magnetization along the easy
axis of the samples.
Figure 3(a) shows the temperature dependence of HC
extracted from the hysteresis loops, for the samples with
different Gd concentrations: x = 18, 22, and 24%. The
divergence of HC at 50 K and at 270 K represents the
TM of Gd22 Fe68.2 Co9.8 and Gd24 Fe66.5 Co9.5 , respectively. In
the case of Gd18 Fe71.8 Co10.2 and Gd30 Fe61.3 Co8.7 , no TM
within the temperature range 10 < T < 350 K has been
observed. Therefore, we conclude that, in Gdx Fe100−x−y Coy ,
TM increases linearly as a function of x as predicted by Heiman
et al.27 In Gd18 Fe71.8 Co10.2 , the magnetization of Fe is larger
than that of Gd in the aforementioned temperature range and
vice versa in Gd30 Fe61.3 Co8.7 . Note that the magneto-optical
Faraday rotation, which deﬁnes the height of the measured

FIG. 3. (Color online) (a) The coercive ﬁeld HC vs temperature
T for three different Gd concentrations (x = 18, 22, and 24%). The
divergence in the coercivity indicates the magnetization compensation points. Note that Gd18 FeCo does not have a compensation point
within the measured temperature range. In the case of Gd30 FeCo
(not shown), the HC is below 100 G and is independent of sample
temperature. (b) The Faraday rotation θF vs temperature T curves
for four different Gd concentrations (x = 18, 22, 24, and 30%). Note
that the Faraday rotation decreases with an increase of temperature
in all the samples.

hysteresis loop, is also a function of Gd concentration [see
Fig. 3(b)]. At room temperature (RT) the Faraday rotation measured in Gd18 Fe71.8 Co10.2 , Gd22 Fe68.2 Co9.8 , Gd24 Fe66.5 Co9.5 ,
and Gd30 Fe61.3 Co8.7 in magnetic ﬁelds just above HC reached
0.1◦ , 0.4◦ , 0.5◦ , and 0.1◦ , respectively. In fact, in this range
of compositions Fe concentration changes by 12%, i.e., Fe
magnetization values are close in all the samples. The observed
difference in θ F is related to the different magneto-optical susceptibilities caused by different Gd concentrations. Since the
percentage of Co in these samples does not vary signiﬁcantly,
in the following we omit the subscripts indicating the concentrations of Fe and Co. The samples are referred to as Gd18 FeCo,
Gd22 FeCo, Gd24 FeCo, and Gd30 FeCo, respectively.
IV. EXPERIMENTAL RESULTS AND DISCUSSION
A. Ultrafast laser-induced magnetization dynamics
in GdFeCo alloys

Figure 4(a) shows the temporal evolution of the polarization
rotation θ in Gd18 FeCo excited at time 0 fs by an intense 100-fs
laser pulse for two opposite ﬁeld directions. The measured
curves have been normalized to the signal at negative time
delay θ (−1 ps). The photoinduced change of transmission
through our samples was observed to be well below 6%.
At the same time, θ /θ (−1 ps) experiences much larger
changes. Therefore, we can safely assign the dynamics of the
difference between θ measured at the two magnetic ﬁelds to the
dynamics of the Faraday rotation θF = [θ (+H ) − θ (−H )]/2.
Figure 4(b) shows the dynamics of the Faraday rotation
normalized to the rotation at negative time delay θ F /θ F (−1
ps). It is seen that, within 300 fs after the laser excitation, the
magneto-optical signal signiﬁcantly reduces and stays at the
reduced level longer than 5 ps. The following recovery is slow
and is observed on a nanosecond time scale. We note that at a
2 ps time delay the processes of both optical decoherence
and thermalization of the electronic system are expected
to be completed.13 Therefore, we conﬁdently ascribe the
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FIG. 4. (Color online) (a) Dynamics of polarization rotation
in Gd18 FeCo induced by ultrashort laser pulses with a ﬂuence
of 13.4 mJ/cm2 measured at room temperature for two opposite
directions of the external magnetic ﬁeld H = 2.4 kG. (b) Laserinduced dynamics of the Faraday rotation θF . Here D indicates the
degree of demagnetization. Solid line is the ﬁt to the experimental
data, used to extract D.

magneto-optical signal at time delays longer than 2 ps to
the dynamics of the magnetization of the Fe sublattice:
θF /θF (−1 ps) = MZ /MZ (−1 ps). The reduction of the magnetization within 2 ps is considered the amount of ultrafast
demagnetization or degree of demagnetization, D, and is
deﬁned in Eq. (1):
D=

θF (−1 ps) − θF (+2 ps)
.
θF (−1 ps)

D [%]

θF /θF(-1 ps)

θ (-H)

θF /θF(-1 ps)

θ/θ(-1 ps)

θ (+H)

(1)

One may argue that the observed changes of the magnetooptical signal can be due to a reorientation of magnetization
over a large angle. It is indeed known that an ultrafast excitation
of a metal can change its effective magnetic anisotropy ﬁeld
and trigger magnetization reorientation.4,28 We would like to
note, however, that the measured transient signal is characterized by a subpicosecond drop followed by a slow recovery
on a nanosecond time scale with no sign of oscillations. If
one assumes that the subpicosecond drop is due to a tilt of
the magnetization, it would mean that the magnetic system
is characterized by very high magnetic resonance frequencies
(with precession periods in the subpicosecond time domain)
and an extremely high damping (it should be high enough
that a triggered precession is damped over a quarter of the
period). However, such high values are not conﬁrmed either by
experimental18 or theoretical studies29 of magnetic resonance
in GdFeCo alloys. Moreover, the observed values of the
demagnetization are at least as large as 50%. If such a change
is caused by a reorientation of the magnetization, it would
mean that the magnetization rotates over at least 60◦ . However,
it seems that there is no reason for such a huge change of
the equilibrium orientation. A subpicosecond magnetization
reorientation would mean that effective magnetic anisotropy
changes at an even faster time scale. Such a fast change cannot
be due to a change of magnetocrystalline anisotropy28 and
must originate from ultrafast demagnetization of the material.
Saturation magnetization (MS ) in the studied compounds
is of the order of 50 G or even less.25 4π MS is much
smaller than the applied magnetic ﬁeld in our experiment
(2.5 kG). Therefore, demagnetization will not be able to
cause a sufﬁcient change of the equilibrium orientation of

pump ﬂuence [mJ/cm2]

FIG. 5. (Color online) (a) Time dependence of ultrafast demagnetization in Gd18 FeCo at room temperature at three different pump
ﬂuences, 4.0, 6.7, and 10.5 mJ/cm2 , respectively. (b) Corresponding
degree of demagnetization D as a function of the pump pulse ﬂuence
measured at RT for various samples.

the magnetic moment. Hence, we are strongly convinced that
the observed ultrafast demagnetization is purely a reduction in
magnetization that still stays along the easy axis.
B. Fluence dependence of ultrafast demagnetization

Figure 5(a) shows the dynamics of the ultrafast demagnetization in Gd18 FeCo at three different pump ﬂuences, 4.0,
6.7, and 10.5 mJ/cm2 , at room temperature. It is seen that D
increases with an increase of pump ﬂuence. Performing the
measurements for a wide range of ﬂuences, we found that D
increases up to 10 mJ/cm2 and saturates for higher ﬂuences at
the level of nearly 40–60%. The ﬂuence dependence of D is
given in Fig. 5(b).
Similar experiments at room temperature have also been
carried out on Gd22 FeCo, Gd24 FeCo, and Gd30 FeCo samples
[see Fig. 5(b)]. A general trend holds for all samples;
i.e., demagnetization occurs within the ﬁrst few hundred
femtoseconds. In all the samples we have also observed an
increase in D followed by saturation upon increasing the pump
ﬂuence. Slightly above the saturation pump ﬂuence, optical
excitation results in irreversible changes in all the samples. It
should be emphasized that this damage threshold is obtained
for the case of excitation with a 1-kHz sequence of the laser
pulses when the time between two successive pump pulses is
not sufﬁcient for heat dissipation. By decreasing the repetition
rate, one should be able to increase the damage threshold.
Consequently, in experiments with a lower repetition rate, a
higher degree of the demagnetization can be expected.
C. Temperature dependence of ultrafast demagnetization

Figure 6(a) shows the dynamics of the magneto-optical
signal θF /θF (−1 ps) measured in Gd18 FeCo for a ﬁxed pump
ﬂuence of 10.5 mJ/cm2 at three different temperatures, 40,
265, and 330 K. It can be seen that the dynamics of the
magneto-optical signal shows a weak dependence on the sample temperature. Detailed measurements in the temperature
range 40–360 K showed that the degree of demagnetization
D increases slightly from 35% to 45% upon a temperature
increase within this range [see Fig. 6(b)].
The situation changes strongly when the concentration of
Gd gets a little higher. Figure 7(a) shows the dynamics of
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the magneto-optical Faraday effect in the Gd22 FeCo sample at
three different temperatures, 70, 130, and 370 K. As one can
see in Fig. 7(b), the degree of demagnetization D appears to
be very sensitive for the sample temperature and depends on
the latter in a nonmonotonous way. A heating of the sample
from 70 to 140 K results in a drop of D from 70% to 30%.
Further heating of the alloy leads to a partial recovery of the
demagnetization efﬁciency so that at room temperature D is
comparable to the one in Gd18 FeCo.
Further increase in the Gd concentration results in even
more dramatic changes of the laser-induced dynamics in the
alloys. Figure 8(a) shows the dynamics of the magneto-optical
Faraday rotation measured in Gd24 FeCo at different temperatures at a pump ﬂuence of 10.7 mJ/cm2 . If the temperature
of the sample is below the compensation point, a pump pulse
of ﬂuence 10.7 mJ/cm2 causes 100% demagnetization of the
alloy [see Fig. 8(b)]. However, just above the compensation
point the same ﬂuence causes just 50% demagnetization.
At room temperature the degree of the demagnetization of
Gd24 FeCo is comparable to the one in Gd18 FeCo and in
Gd22 FeCo. Therefore, the results obtained for Gd18 FeCo,
Gd22 FeCo, and Gd24 FeCo alloys reveal that the presence of
the magnetization compensation point plays an important role
in the process of the subpicosecond demagnetization. Indeed,
in Gd18 FeCo, which does not possess a compensation point,
no pronounced temperature dependence of D is observed. In

FIG. 8. (Color online) (a) Time dependence of ultrafast demagnetization in Gd24 FeCo at three different temperatures, 70, 250, and
350 K, is shown at ﬁxed ﬂuence of 10.7 mJ/cm2 . (b) Extracted degree
of ultrafast demagnetization D as a function of T .

contrast, in Gd22 FeCo the compensation point lies just below
the studied temperature range and it is seen that the efﬁciency
of the demagnetization for a given laser pulse ﬂuence increases
upon cooling the sample towards TM . This effect becomes
even more pronounced in Gd24 FeCo, where the magnetization
compensation point lies just in the middle of the studied range
of temperatures. The data obtained for this alloy show that
heating farther away from the compensation point decreases
the degree of demagnetization. Furthermore, laser excitation
demagnetizes the alloys most efﬁciently at temperatures below
the compensation point.
Finally, we studied the temperature dependence of the
demagnetization in the Gd30 FeCo sample in which no magnetization compensation point is observed and the magnetization
of the Gd sublattice is always larger than the one of Fe. Figure
9(a) shows the dynamics of the Faraday rotation θF /θF (−1 ps),
measured in Gd30 FeCo at three different temperatures, 20,
140, and 320 K. In the range between 50 and 300 K, D
is 40% and almost does not depend on the temperature. An
increase of D from 40% to 70% is observed when the sample
temperature is increased from 300 to 350 K [see Fig. 9(b)].
Hence, again a slight change of Gd concentration resulted in a
dramatic change in the degree of demagnetization D. All these
experimental observations reveal that the degree of ultrafast
laser-induced demagnetization is strongly dependent on the
presence of a compensation temperature TM and the relative
temperature of the sample with respect to TM .
(a)

(b)

D [%]

FIG. 6. (Color online) (a) Time dependence of ultrafast demagnetization in Gd18 FeCo at three different temperatures, 40, 265,
and 360 K (top to bottom), is shown at a ﬁxed pump ﬂuence of
10.5 mJ/cm2 . (b) Extracted degree of ultrafast demagnetization D as
a function of T .
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θF /θF(-1 ps)

pump-probe delay [ps]
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FIG. 7. (Color online) (a) Time dependence of ultrafast demagnetization in Gd22 FeCo at three different temperatures, 70, 130, and 370
K, is shown at a ﬁxed pump ﬂuence of 10.5 mJ/cm2 . (b) Extracted
degree of ultrafast demagnetization D as a function of T .

T [K]

FIG. 9. (Color online) (a) Time dependence of ultrafast demagnetization in Gd30 FeCo at three different temperatures, 20, 140, and 320
K, is shown at a ﬁxed pump ﬂuence of 10.5 mJ/cm2 . (b) Extracted
degree of ultrafast demagnetization D as a function of T .
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V. DISCUSSION

As mentioned above, in the described experiments, the
magneto-optical signal is dominated by the response of the
Fe sublattice. In the studied alloys Fe constitutes 60–72% per
chemical formula unit, and, consequently, the absolute value
of the magnetization of the Fe sublattice is approximately
the same in all the studied alloys. However, it appears that
small changes in the compositions or the temperature of the
sample lead to dramatic changes in the degree of the ultrafast
demagnetization of the Fe sublattice.
Starting from the very ﬁrst study of laser-induced demagnetization of magnetic metals, the transient laser-induced
processes have been described in terms of a three-temperature
model, where spins, free electrons, and the lattice played the
roles of reservoirs of energy and angular momentum.30 In
these models an ultrafast laser excitation resulted in a rapid
absorption of energy by the electron system, followed by
a redistribution of energy from the electrons to the spins
and lattice, accompanied by a ﬂow of angular momentum
from the spin system to the two other reservoirs. So far,
most of the models of laser-induced magnetization dynamics
have treated the spins as one reservoir, even in cases where
the system consists of two or more spin sublattices. Only
very recent theoretical treatments17,22 and time-resolved and
element-speciﬁc experiments19 on GdFeCo alloys showed that
such an approach has a serious shortcoming. It was discovered
that ultrafast laser excitation of GdFeCo causes ultrafast
collapse and subsequent reversal of the Gd and Fe sublattice
magnetizations over distinctly different time scales.19 This
clearly showed that the spin system in such a complex magnetic
medium should not be considered as a single reservoir. Instead,
transfer of angular momentum between these spin reservoirs
should be considered.17,22
In the light of these ﬁndings it becomes clear that our
experimental results reveal only the degree of ultrafast demagnetization of the Fe sublattice, while demagnetization of
the Gd sublattice is expected to happen over a longer time scale
and is not monitored in our experiments. In Gd24 FeCo below
TM (=270 K), the Gd sublattice has a larger magnetization than
the Fe sublattice. Consequently, Gd is an effective reservoir
of angular momentum that, in particular, allows one to reach
100% ultrafast demagnetization of the Fe sublattice which was
seen in our experiments. Above TM the Fe sublattice has a magnetic moment larger than the Gd one and full demagnetization
of the former would mean reversal of the net magnetization.
Obviously, demagnetization above TM is more difﬁcult than
below. As a result, laser pulses of the same ﬂuence cause 100%
demagnetization of Fe in Gd24 FeCo below the compensation
point and just a partial demagnetization above TM .
The results obtained in Gd22 FeCo in the range up to 150 K
and in Gd18 FeCo can also be understood along the same line. In
both cases Gd constitutes an even smaller reservoir of angular
momentum than in Gd24 FeCo. However, experimental results
on ultrafast demagnetization of the Fe sublattice in Gd30 FeCo
reveal that if the net magnetization of Gd is getting larger
than that of Fe, the efﬁciency of the demagnetization decreases
despite an increasing capacity of the Gd reservoir. A qualitative
theoretical analysis22 allows us to suggest that this can be
due to a reduction of the Fe-Fe exchange interaction. Such a

reduction would result in a slowdown of the process of ultrafast
demagnetization. Since the latter can only occur during a
limited period of time between the moment of excitation of
the metal until the free-electron gas cools down below the
Curie temperature, this would show up in our experiments
as a decrease in the degree of demagnetization. We would
like to stress, however, that the suggested explanation is
very qualitative. An interesting behavior has been observed
in the temperature dependencies obtained for Gd22 FeCo and
Gd30 FeCo in the ranges above 150 and 300 K, respectively. In
particular, an increase of the temperature of Gd22 FeCo above
150 K results in a nonmonotonic behavior of the degree of the
ultrafast demagnetization. An increase of the temperature of
Gd30 FeCo above 300 K leads to a substantial change of the
degree of demagnetization as well. We must admit that we
are unable to clarify the origin of these features yet. However,
it must be mentioned that to the best of our knowledge even
the fact that the most efﬁcient ultrafast demagnetization of
the Fe sublattice in the GdFeCo alloy is observed when the
magnetizations of Gd and FeCo are close to one another
cannot be unambiguously predicted by any of the existing
theories. Therefore, we believe that our experimental ﬁndings
will stimulate further theoretical analysis of the problem
of ultrafast laser-induced demagnetization in multisublattice
magnets.
VI. CONCLUSIONS

With the aid of time-resolved pump-probe experiments,
we have examined the ultrafast demagnetization efﬁciency in
various Gdx Fe100−x−y Coy alloys as a function of Gd concentration (x = 18, 22, 24, and 30%) and sample temperature. The
difference in demagnetization dynamics in Gd24 FeCo above
and below TM shows that the ultrafast demagnetization is
more efﬁcient below TM ; i.e., the initial temperature of the
sample plays an important role. A comparison of the degree
of demagnetization in Gd18 FeCo and Gd30 FeCo with that
of Gd24 FeCo shows that the more effective demagnetization
takes place when the magnetizations of the individual atomic
sublattices (Fe and Gd) are approximately equal. Finally, we
would like to note that since achieving the conditions for 100%
demagnetization is of crucial importance for the realization of
all-optical switching via a strongly nonequilibrium state,16,17,20
our results clearly show that the all-optical switching is most
easily observed in ferrimagnets with a magnetic compensation
point. All-optical switching requires less laser pulse ﬂuence
when the sample is below the compensation temperature.
Finally, our experiments clearly show that heating a ferrimagnetic material farther away from the point of magnetic
compensation makes laser-induced demagnetization and magnetization reversal increasingly difﬁcult.
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