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Photoinduced spin dynamics in Lg ¢Sry ,MNnO 53 observed by time-resolved
magneto-optical Kerr spectroscopy
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Photoinduced effect in a ferromagnetic perovskitg 4S5, /MnO; was investigated by femtosecond pump-

probe spectroscopy. By utilizing magneto-optical Kerr rotation as a probe, the photoinduced dynamics of the
spins was observed independently of the quasiparticle relaxation dynamics. The low-energy optical conductiv-
ity decreases immediately after photoexcitation without changing magnetization, and subsequently the demag-
netization occurs in a strongly temperature-dependent manner. The photoinduced demagnetization shows criti-
cal slowing down with the time constant up to 1.4 ns when the spin temperature after photoexcitation reaches
near the Curie temperature. Such a slow response of a spin system indicates good thermal insulation between
quasiparticles and a spin system, suggesting small spin-orbit interaction.
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Ultrafast control of a spin state has been attracting muclphotoinduced absorption within 100 fs after photoexcitation
attention in recent years. Since the conventional control of 4 electron-lattice thermalization, and the subsequent slower
spin state by an external magnetic field cannot exceed a préomponent, the time constant of which changes from 20 ps
cession cycle of the spin moment which is of the order ofto 100 ps depending on temperature, to spin-lattice thermal-
nanoseconds, an optical mean such as irradiation of a femtéation. In these studies, however, the interpretation and

second laser pulse may be promising for ultrafast manipulat@valuated time scales for the demagnetization were based on

tion of a spin state. However, an optical field can hardly he change in optical a.bsqrp_tlon, af.‘d thus the Spin dependent
arts have not been discriminated in the absorption changes.

O et e e ey ne preset work hotonduced chraics of et
: ' . zation in a single crystal of LgSry ,MnO; was investigated

troI.of aspin gtatg has been performgd on typical ferromagby time-resolved magneto-optical Kerr effect spectroscopy,
netic_ metals;? dilute magnetic semlcondgcto?fsan_d SO in which magneto-optical Kerr rotation was employed as a
on.""” Colossal magnetoresistive manganites, which showgjiaple probe of magnetization. The photoinduced dynamics
drastic change of resistivity upon the magnetic ordering as gf tne magnetization was detected independently of the qua-
consequence of strong coupling among spin, charge, orbitadiparticle relaxation, which was detected by conventional
and lattice degrees of freedonare also of great interest for transient reflection spectroscopy. Namely, one can discrimi-
this purpose. nate the spin dynamics from the charge dynamics by com-

Perovskite manganite bgSr, MnO; shows the ferro- paring the results of time-resolved magneto-optical Kerr ef-
magnetic metal phase belolix=370 K. The origin of fer- fect and transient reflection spectroscopy. It was found that
romagnetism is double-exchange interaction: Because of thafter a 200-fs pulse photoexcitation the magnetization de-
strong Hund’s-rule coupling betweey electron spin ant,,  creases with an unexpectedly long time constant, which ex-
electron local spin, carriee, electrons gain kinetic energy ceeds 1 ns near the ferromagnetic phase transition tempera-
when localized 4 spins show ferromagnetic alignment. This ture. Such a slow response of the spin state contrasts with the
interaction leads to strong correlation between magnetizatioistantaneous response of the quasiparticles upon photoexci-
and charge transport properties, as well as optical absorptidation.
in a low-energy region<1.0 eV). Magneto-optical Kerr rotatio and ellipticity » are re-

Photoinduced effects in femtosecond temporal regiordated to dielectric tensoe via the relationd+i»n= e, /(1
for a ferromagnetic phase of perovskite manganites have ey,) Jex in an isotropic material. The off-diagonal ele-
been previously investigated by conventional pump-mente,, is nearly proportional to the magnetization, and
probe spectroscopyl? The first report about photoin- also depends on the oscillator strength of the optical transi-
duced demagnetization is given by Matsuéhal. on  tion. Thuse,, can be a good probe of the magnetization, as
(Ndg sSmy £) 0,651 MNO5.8 They reported that the photoin- far as the electronic structure of the system around the probe
duced absorption, which shows the rapid change within 1 pphoton energy is not changed drastically. Furthermeérnd
and the following gradual change up to about 200 ps, reflecty depend not only or,, but also on the diagonal element
the photoinduced demagnetization. More detailed studies,,. Accordingly, it is to be confirmed that the contribution
were reported on L@Ca MnO; by Lobadet al,”* and  from change ine,, is small enough to utiliz& and » as an
Averitt et al'? They attributed the ultrafast component of accurate probe of the magnetization.
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FIG. 1. (a) Reflectivity and(b) magneto-optical Kerr rotation
(#) and ellipticity () spectra of LggSrpMnO; at 296 K. The
arrows denote the pump and probe energies in time-resolved
magneto-optical Kerr spectroscopy.
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A bulk single crystal of LgeSrpMnO; was grown by a t [ps] t [ps]
floating zone method. A specimen of typically 5 mm in di-
ameter and 1 mm in thickness was cut from the crystal rod FIG. 2. (@) Differential reflectivity AR/R spectra for various
and polished for optical measurement. To remove possiblgrobe delay times. The pump photon energy is 1.55 eV and the
mechanical strain of the surface due to the polishing procePUmp intensity is~700 wJ/cnt. (b), (c) Temporal behavior of
dure, the sample was annealed at 1300 K in an oxygen afAR/R for various probe photon energies as presented in different
mosphere. temporal ranges. Vertical dashed lines denote probe delay times in
Figure 1 shows the spectra of reflectivRyand magneto- @.
optical Kerr rotationd and ellipticity » for Lag ¢Sty sMNnO5 at
296 K. The spectral structures thand » at 1.5-2 eV are appears to be dominated by a shift of the plasma edge to the
assigned to the plasma edge enhancement, which originateswer energy, indicating that the system becomes resistive
from the diagonal-term contribution 1/(1e,,) e.,. In fact,  upon photoexcitation. Figureg® and Zc) show temporal
the spectrum of off-diagonal terry, (not shown does not  behaviors ofAR/R at various probe photon energies as pre-
show any prominent structure in this region. Thdsand»  sented in narrow0—100 p$ and wide(0—1500 pstemporal
in this region should be sensitively affected by small changesanges, respectively.
in €., SO thaté or » in this energy region is not suitable as  In AR/R at the probe energies of 2.2 eV and 2.6 eV,
a probe for the magnetization change. On the other hand, thescillating structures are observed at the delay time of 0—40
structure around 3 eV is a genuine magneto-opticél- ps. They are attributed to the modification of the reflectivity
diagonal term contribution, which corresponds to the by a shockwave, which is generated by a sudden volume
charge-transfer transition from Op2to Mn 3d states, and change induced by intense photo-excitatidfhis interpre-
the diagonal-term contribution is small. Therefore, the pho+ation of the oscillation is demonstrated by the fact that the
ton energy of 3.1 eV, which can be easily generated by segeriod of the oscillation is almost proportional to the probe
ond harmonics of Ti:sapphire laser light, was adopted in thisvavelength. In the time evolution &R/R, besides the os-
study for the probe. cillating signal, three characteristic responses are observed in
The differential reflectiod\ R/R spectra as measured by a different time domains; a spikelike instantaneous response
conventional pump-probe method are shown in Fig).2An  within the time resolution of 200 fs and its tail within 1 ps, a
amplified mode-locked Ti:sapphire laser with the repetitiondelayed rise-up signal within the time constant-ef0 ps,
rate of 1 kHz and the central wavelength of 800 (65 and a slow decay with the decay timeg>1 ns. Figures @)
eV) was used for the pump light source. The probe light wasand Zc) show that the temporal behavior AR/R is essen-
generated by the following optical parametric amplifiertially identical irrespective of the probe energy. It corre-
equipped with second and fourth harmonic generators. Theponds to the fact that the spectral shapaBfR is almost
pump and probe pulse duration are less than 200 fs. Thine same at all the probe delay times as seen in K. 2
pump pulse intensity was 700 pJ/cn?, which corresponds These results suggest that the transient reflectivity changes in
to the excitation density of-10°°cm™3 or ~10 ?/Mn site.  the measured energy region are dominated essentially by a
The spectral feature &R/R in this energy regiori0—3 e\) single mechanism, i.e., the plasma-edge shift due to spectral
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FIG. 3. Temporal behavior oA 6 (a), (b) and AR/R (c), (d)
plotted in different scales of temporal range at various temperatur
The pump and probe photon energies were 1.55 eV and 3.1 e
respectively. The pump intensity was500 uJ/cn?. Open triangles .
in (a) indicate the oscillation due to the interference between th&l€cay timer~
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ropy, and accordingly the magnetization starts to precess
around the effective magnetic-field direction. The low-
energy spectral weight is independent of the direction of the
magnetization, and hen@eR/R should not be influenced by
this precession as observed. The crystal magnetic anisotropy
in Lag ¢Sty MNO; is quite smalft® therefore the shape anisot-
ropy near the surface of the sampleith the magnetization
tending to be parallel to the surfgomay be responsible for
this precession behavior. The increasing period of the preces-
sion with temperature is ascribed to the reduction in the an-
isotropy and/or the total moment value.

Besides these oscillating signals, there is a clear differ-
ence betweerh # andAR/R: AR/R has a steplike response
while A 6 does not. Comparing the temporal behaviora éf
andAR/R, it is noted that theAR/R response is composed
of the magnetization-dependent part which shows the same

one which rises in a steplike manner and decays with the
1 ns. In addition, the former strongly depends

lights reflected from the surface and the shockwave running normd?n temperature, but the latter does not. The low-energy spec-

away from the surface, while closed triangles(b) indicate the

tral weight as measured yR/R response decreases within

oscillation due to the photoinduced precession of magnetizatiofUmp pulse duration 200 fs) after photo-excitation. As

(see text

weight transfer from the low-energy<(1.5 eV) to the high-
region

energy

(>1.5eV).

In the time-resolved magneto-optical Kerr spectroscopywithin the time domain less than a few picoseconds, we can
polarization change of the probe light was detected by a baleonclude that the thermalization of quasiparticle excitation
ance detection techniqi@he sensitivity of change in polar- will take place without accompanying loss of magnetization.

ization rotation/ellipticity was as high as about fodeg.

there is no energy gap in this system, it is most likely that
photo-excited carriers relax to the thermal state within a few
picoseconds. Thus it is reasonable to consider that there re-
mains no change in carrier density after this relaxation pro-
cess. Judging from the absence of the fast respongedin

The decay of the magnetization-independent part corre-

The pump and probe photon energies were 1.55 eV and 3gponds to the cooling process of the quasiparticle system by
eV, respectively, which were provided by an amplified mode-thermal diffusion. The slower response of the magnetization
locked Ti:sapphire laser and its second harmonics. The pumipdicates the good thermal insulation between the quasipar-
intensity was~500 uJ/cnt. An external magnetic field of ticles and the spins. Although the double-exchange interac-
~0.25 T was applied normal to the sample surface by a pettion strongly ties the kinetic motion of electrons and the local
manent magnet.
Temporal behavior of the photoinduced change intion of the system so that the double-exchange interaction

magneto-optical Kerr rotatioA # is shown in Figs. @) and

spin moments, this interaction preserves the total magnetiza-

cannot contribute to the demagnetization. It is natural to con-

3(b). Simultaneously measurédR/R at the same probe pho- sider that the observed slow demagnetization process is

ton energy(3.1 eV) is also shown in Figs. (8) and 3d).

dominated by the thermalization of the spin-lattice system

Since the sign ob at 3.1 eV in absence of photoexcitation is through spin-lattice interaction. A principal origin of this in-

negative see Fig. 1a)], a positive sign ofA # corresponds to

teraction is the spin-orbit coupling. The time constant of the

the decrease of the magneto-optical Kerr rotation. The trarphotoinduced demagnetization observed in the manganite is
sient increase of the reflectivity at this photon energy isone or two order of magnitude longer than those of other

mostly due to the spectral weight transfer from the low-ferromagnets such as Ni

energy region £1.5 eV) as described above.

The oscillating behaviors with the period ef15 ps ob-
served in bothA # and AR/R [open triangles in Figs.(3)

and ,B5eMoQ; previously
reportec®*17 It suggests that the spin-orbit coupling is
small in the perovskite manganite. This is consistent with
small magnetocrystalline anisotropy in this material.

and 3c)]| share the common origin, namely, the interference Magneto-optical Kerr rotatiod at 3.1 eV without photo-
effect caused by the shockwave, as already discussed in Figxcitation and the maximum photoinduced change in
2(b). This component does not originate from the change irmagneto-optical Kerr rotation 6,,,, are shown in Fig. @).
magnetization but the change i,. Another oscillating The A6, forms a peak at 340 K, slightly below the Curie

component observed iA # with the period of 100-500 ps temperature Tc.

Note also thatA6,,/0~—1 for T

[closed triangles in Fig. (®)], which has no counterpart in >340 K. This means that the ferromagnetic order is almost

can be
magnetizatiort**>When the magnetization is initially tilted vided that the photoexcitation increases the temperature of

AR/R,

from the external fieldnormal to the surfagedue to mag-

assigned

precession  of

thetotally destroyed by the photoexcitation above 340 K. Pro-

the spin system, the present photoexcitation of

netic anisotropy, the photoexcitation may change the anisot-500 uJ/cnt corresponds to the heating of the spin system
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0.15 -0.15 quasiparticle excitation is raised, while their spin polariza-
S (@) i tion was kept unchanged, by the photoexcitation within the
3 o1of 1o @ pulse duration of~200 fs. Then the temperature of the lat-
& . 3 tice system follows it by electron-lattice interaction within a
g oor 1005 = few picosecondgthis can be observed in the tail of the

spikelike response IAR/R), although the system still re-
tains the initial magnetization At this moment, the low-
energy opticaland perhaps dcconductivity decreases ow-
ing to heating of the quasiparticle excitation, but not due to
the decrease of magnetization. Subsequently, the spin system
'.\. relaxes to the new equilibrium state by the spin-lattice inter-
! ! ! ! | action. Such an interpretation is essentially the same as that
180 200 250 300 350 400 450 proposed in the previous wofk Our studies, however, have
Temperature [K] . .
demonstrated unambiguously the dynamical aspects of the
FIG. 4. (a) Magneto-optical Kerr rotation angie at the photon ~ demagnetization including the precise evaluation of time
energy of 3.1 eV and the maximum valuesid. (b) Time constant  constant by comparing the response obtained by the
for the photoinduced demagnetization. The vertical dashed line inmagneto-optical measurement with those by the conven-
dicates the Curie temperatufe=370 K. tional pump-probe reflectivity measurement.
To summarize, we have observed photoinduced dynamics

by ~30 K. The time constant of demagnetizatiogens, ©F Magnetization in @St MnO; by time-resolved o
[Fig. 4b)] shows a peak at 330 K with a value of 1.4 ns, magneto-optical Kerr spec.troscopy. The ob§erved c!egr dif-
where the spin temperature should reach near the Curie terference between the photoinduced changes in reflectivity and
peratureT =370 K by the photoexcitation. This can be in- magneto-optical Kerr rotation indicates that the demagneti-
terpreted in terms of the critical slowing-down effect as genzation does not occur immediately after the photoexcitation,
erally observed in the case of second-order phase tranSitionvhile the spectral weight in a low-energy region
The value 0frgemagis almost one order of magnitude larger (<1.5 eV) decreases instantaneousty200 fs) with the to-
than that deduced for similar manganites in previoudal magnetization almost unchanged. The photoinduced de-
reports®~1? In those works, the demagnetization time con-magnetization in LgsSr, ,MnO; shows a critical slowing-
stant was evaluated from the temporal behavior of absorptiodown effect with a prolonged time constant of up to 1.4 ns
change alone, and thus it is quite likely that the nonmagnetiaround 330 K, where the spin temperature after the photoex-
contribution, which has competing time scale, was not thorcitation almost reaches the Curie temperature 370 K.

oughly excluded when estimating the demagnetization time ) ) o
constant. This work was partially supported by a Grant-in-Aid for

The process of the photoinduced demagnetization if-enter of Excellence Research from the MEXT of Japan, and
Lag ¢Sty 4MnO; is as follows. At first, the temperature of the Py the NEDO of Japan.
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