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We report here an experimental technique to generate spinwaves using femtosecond laser pulses. The femtosecond laser pulses induce ultrafast
demagnetization, which causes the propagation of the spinwaves from the laser spot. The observed spinwaves exhibit an anisotropic behavior by
showing both the forward and backward modes depending on the propagation direction with respect to the in-plane magnetization direction, as
confirmed by micromagnetic simulations. The forward mode is found to propagate over a few micrometers with small dissipation, providing a
possible spinwave source. © 2015 The Japan Society of Applied Physics

S
pinwaves are ordering states of the magnetization
excited from an equilibrium state. The spinwaves in
thin metallic magnetic films have attracted consid-

erable attention recently in studies on magnetic recording
and spintronics devices.1–4) Such spinwaves have long been
studied by ferromagnetic resonance and Brillouin light
scattering techniques in the frequency domain to analyze the
magnonic characteristics.5–9) Recently, it has become possible
to directly observe the spinwaves in the time domain by real-
time optical and electric measurement techniques.10–16) Such
spinwaves have been generated by either thermal5) or electric
excitation.9–14) It has recently been reported that an optical
excitation can also generate the spinwaves via either the
inverse Faraday effect15) or the ultrafast demagnetization.16) In
this study, we report an experimental observation that the
ultrafast demagnetization technique can generate two different
spinwave modes— backward volume and forward surface
modes— depending on the propagation direction.

For this study, an optical setup of the two-color pump–
probe measurement was developed, as shown in Fig. 1(a). In
this setup, 100 fs Ti:sapphire laser pulses with 94MHz repeti-
tion rate and 800 nm wavelength were used as the pump
beams to excite the spinwaves. The second-harmonic laser
pulses of 400 nm wavelength were then used as the probe
beams to observe the spinwave propagation behaviors. By
using an objective lens with a high numerical aperture (0.9),
the probe beam was focused onto the sample with the diffrac-
tion limit down to about 350 nm, as measured by the knife
edge method.17) At the present alignment, the diameter of the
pump beam was measured to be about 800 nm. The time
delay t between the pump and probe beams was adjusted
using an optical delay line. By tilting the half mirror (HM) in
the setup, the position of the probe beam spot can be scanned
around the pump beam spot as illustrated in Fig. 1(b),
and thus one can construct two-dimensional magnetization
images. The distance between the pump and probe beam
spots was estimated by measuring the lateral shift between
the images captured using either the pump or probe beam.
The magnetic signal was obtained using the polar magneto-
optical Kerr effect (p-MOKE). In order to enhance the signal-
to-noise ratio of the measurements, the probe beam was
modulated by a photoelastic modulator (PEM) at 50 kHz
and detected by a balanced detector connected to lock-in
amplifiers. The detected signal was then normalized by the
DC signal to eliminate fluctuations in light intensities and
possible thermal artifact.

The present optical setup was applied to a 30-nm-thick
ferromagnetic Co40Fe40B20 thin film with in-plane magnetic

anisotropy, sputtered on a Si substrate with a 300-nm-thick
SiO2 layer. The coercive and anisotropic fields of the film
were determined to be 1.5 ± 0.5mT and 1.5 ± 0.2 T, respec-
tively, from a VSM measurement. In this experiment, an in-
plane magnetic field Hx was applied along the x-axis. Since
the strength of Hx (= 90mT) was sufficiently larger than the
coercive field, the initial magnetization direction was aligned
to the x-axis. To induce a coherent spinwave excitation, an

(a)

(b)

(c)

Fig. 1. (a) Schematic diagram of the measurement system with a polarizer
(PL), a half mirror (HM), an objective lens (OBJ), a mirror (M), a beam
splitter (BS), and a Wollaston prism (WP). The red and blue lines show the
pump and probe beam paths, respectively. (b) Experimental geometries of
Cases I and II. The probe beam spot is scanned around the pump beam spot.
The black arrow labeled k? (kk) indicates the wavevector ~k perpendicular
(parallel) to the magnetization m̂. (c) Temporal variation of the p-MOKE
signal measured at the pump beam center. The black solid line shows the best
fit with a damped harmonic oscillation, and the cyan solid lines guide the
amplitude decay.
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out-of-plane magnetic field Hz (= 390mT) was simultane-
ously applied to the film to tilt the magnetization slightly
toward the +z-axis. The tilting angle of the magnetization
was estimated to be about 14° from the sample plane. The
pump-beam excitation then induced the ultrafast demagnet-
ization within a few picoseconds, followed by a damped
precession over a few hundred picoseconds, as shown in
Fig. 1(c). The precession angular frequency ωp at the center
was determined to be (70.7 ± 0.6) × 109 rad=s by fitting with
a damped harmonic oscillation, as shown by the black solid
line of the best fit. This precession at the center acted as a
spinwave source and consequently emitted the spinwaves
outward. Two spinwave modes were then examined depend-
ing on the propagation geometry as shown in Fig. 1(b):
either the spinwave vector ~k is perpendicular to the magnet-
ization direction m̂ (Case I) or ~k is parallel to m̂ (Case II). The
fluence of the pump pulses was set to about 33mJ=cm2,
which is about 60-fold larger than that of the probe pulses.
It was confirmed that the magnetic properties of the pump
beam spot remained unchanged by scanning the sample
surface after the experiments.

Figure 2(a) shows the experimental results for Case I,
by showing the temporal variations of the p-MOKE signal
measured at different positions from the center of the pump
beam spot, where the distances y from the center are denoted
inside each panel. The figure clearly demonstrates that the
spinwaves are emitted and propagate from the laser spot. The
black solid lines show the best fit with a Gaussian wave
packet as given by

A sinð!pt þ ’Þ exp � ðt � tpÞ2
2�2t

� �
;

where A is the amplitude, φ is the phase, tp is the temporal
center, and σt is the temporal width of the Gaussian wave
packet. The Gaussian profile is employed as the simplest and
easiest model10,12) to determine the center of the wave packet.
From the best fit, φ (red) and tp (blue) are obtained for each
curve of different y, as shown in Fig. 2(b). The clear linear
dependences enable one to quantify the angular wave number
k and the group velocity vg as 0.55 ± 0.04 µm−1 and 5.2 ± 0.6
km=s, respectively. The phase velocity vp is then obtained
from the relation vp = ωp=k as 128 ± 10 km=s. The average σt
is estimated to be about 168 ± 33 ps, which corresponds to
the lateral dimension of 21 ± 6 µm (= vpσt).

Within the context of the spinwave theory, the geometry
of Case I allows the generation of the magnetostatic surface
wave (MSSW) mode.18) The dispersion relation of the
MSSW mode is given by

!2 ¼ !0ð!0 þ !MÞ þ !2
M½1 � expð�2ktfÞ�=4

with two characteristic angular frequencies ω0 (= γHx) and
ωM (= γμ0MS), where tf is the thickness of the ferromagnetic
layer, γ is the gyromagnetic ratio, μ0 is the magnetic per-
meability, and MS is the saturation magnetization determined
as (1.17 ± 0.2) × 106A=m by VSM. With the values used in
the experiments, the dispersion relation predicts the spinwave
angular frequency ω as (70.1 ± 0.6) × 109 rad=s, which is
relatively close to the experimental value of ωp. In addition,
the MSSW mode is predicted to exhibit a forward phase shift
along spinwave propagation. Such a forward phase shift is
visualized in Fig. 2(c), where the p-MOKE signal is mapped

onto the space and time coordinates. Figure 2(d) illustrates
the micromagnetic prediction19) of the MSSW mode, where
the typical values of the exchange stiffness (= 1.3 × 10−11

J=m), the damping constant (= 0.01), and the cell size
(= 5 nm) were used. Here, a two-dimensional array of
1,500 × 1,500 cells under an open boundary condition was
used for the calculation. Note that the array size is at least
3 times larger than the experimental scanning range to
minimize the finite size effect from the edge. The qualitative
agreement with the experimental data verifies the generation
of the MSSW mode.

On the other hand, the experimental results for Case II
exhibit a distinct behavior, as illustrated in Fig. 3(a). It is

(a)

(b)

(c)

(d)

Fig. 2. (a) Temporal variation of the p-MOKE signal for Case I, measured
at different positions with the distance y as denoted inside each panel. The
black solid lines show the best fit with a Gaussian wave packet, and the cyan
solid lines guide the envelope of the wave packet. (b) φ (red) and tp (blue)
with respect to y. The lines show the best linear fit. (c) Two-dimensional map
of the experimentally observed spinwaves with respect to the space and time
axes. The color inside the maps is proportional to the p-MOKE signal with
the scale bar on the right. (d) Simulation results, where the color corresponds
to the out-of-plane component mz of the magnetization unit vector with the
scale bar on the right.
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seen from the figure that the spinwaves are quickly decayed
out within one micrometer. For the geometry of Case II, the
magnetostatic backward volume wave (MSBVW) mode is
allowed. One of the peculiar features of the MSBVW mode
is that it exhibits a backward phase shift with a negative vp.
Such a backward phase shift is visualized by the map shown
in Fig. 3(b). From the map, the best estimation of vp is about
−75 ± 20 km=s. Owing to the backward phase shift, the
MSBVW mode is hardly emitted outward. Such an observed

behavior is again confirmed by micromagnetic simulation, as
shown in Fig. 3(c).

In summary, we demonstrate the spinwave emission
from the ultrafast demagnetization induced by short laser
pulses. Two different spinwave modes of the forward surface
(MSSWs) and backward volume (MSBVWs) are observed
depending on the relative alignment between the directions
of the wavevector and the magnetization. The forward mode
propagates over a few micrometers with small dissipation,
possibly used for the spinwave experiments.
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Fig. 3. (a) Temporal variation of the p-MOKE signal for Case II,
measured at different positions with the distance x as denoted inside each
panel. The black solid lines show the best fit with a Gaussian wave packet,
and the cyan solid lines guide the envelope of the wave packet. (b) Two-
dimensional map of the experimentally observed spinwaves with respect to
the space and time axes. The color inside the maps is proportional to the
p-MOKE signal with the scale bar on the right. (c) Simulation results, where
the color corresponds to the out-of-plane component mz of the magnetization
unit vector with the scale bar on the right.
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