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Photoinduced demagnetization and its dynamical behavior in §Ndg sSmy 5)g ¢S sMnO 5 thin film
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We have observed a significant change of absorption spectrum in the visible region by the irradiation of an
intense laser pulse in a double-exchange ferroma@dg S, 5);_,SLMNO; (x=0.4) thin film. In the
ferromagnetic state, the increase of spectral weight of the interband transition bétspknbands has been
observed, indicating that the photoexcitegl carriers suppress the neighboring spin correlation. The time-
resolved spectroscopy in a vast time domain from 100 fs tes has shown that the photoinduced demagne-
tization occurs within 200 ps after the photoinjection and spin correlation recovers in 300 ns. We further found
that the demagnetization efficiency strongly depends on the spin direction of the ergitedrriers.
[S0163-182698)52332-9

Recently, there has been increasing interest in photoineffectively induce the demagnetization, being of the order of
duced magnetization and magnetic transition in various mag=0.1IM for the excitation photon density of~8
netic materials. In a diluted magnetic semiconductor heteroX 10 cm™®. The photoinduced demagnetization occurs in
structure of 1 gMMng ocAS/GaSht the cw light irradiation at 200 ps after the pump-pulse excitation and the ferromagnetic
low temperature induces a permanent ferromagnetic ordétound state recovers in 300 ns. .
via spin-exchange interactions between photoinjected holes The ~ samples used in  this  study  were
and Mn spins. The magnetization buildup by a circularly (NGosSMb.s)1xSKMnO; (x=0.4) thin films with a thick-
polarized light has been observed for a CdTe/G¥n,Te €SS Of ~200nm grown on MgO(100 substrates. The

multiple-quantum-well structure in the absence of seedin%rOWth c_ondltlon elgryTthe Iasetr abl;ttlon zas beeP reportf_d In
magnetic field In a Prussian blue analogue ur-previous paper.lemperature dependence or magnetiza-

) ) S tion was measured in a field of 0.5 T after cooling down to 5
K°-2C01-4[FG(CN)6].'6'9|_|20’ the ferrimagnetic - transition %, 0 field, and the result shows that the ferromagnetic
temperaturerl .. is increased by irradiation of cw light from

16 t0 19 K2 phase transition temperatufg in the sample studied here is

approximately 155 K. The transient absorption spectra in the
Other candidate materials that show a photoinduced effeqﬁ%% domain)gf 100 fs—1 ns were measueed bypmeans of a

are doped manganite_s_, in which the_ferromagnetic interactioBump_probe method with a Ti:AD; regenerative amplifier
is mediated by the itineranty carriers (double-exchange |aser system. The pulse duration, photon energy, and fluence
interactiord). In this system, the photoexcitey carriers are  of the pump pulse were 100 fs, 3.20 eV, and 0.2 m3/cm
expected to significantly affect the magnetic interaction, angespectively. Details of the measurement systems of the fem-
to modify thet,4-spin ordering. The doped manganites havetosecond pump-probe experiment have been described in
a characteristic electronic structure, reflecting the strong onRef. 9. The pump and probe experiments in the time domain
site exchange interactionl{-3 eV).> As the one-electron between ns angis were performed using an excimer laser
bandwidthW of the e, state is much smaller than the  pumped dye laser with a pulse duration of 20 ns as a pump
value, theey band is split into two bandgl-split band$>®  pulse and a high-pressure Xe flash lamp as a probe pulse.
Actually, we found a characteristic absorption band atThe tuning wavelength range of the dye laser was 332—-875
~3 eV due to the interband transition between theplit  nm. The temporal behavior on the time scale of several tens
bands(see the inset of Fig.)1the spectral weight decreases of hanoseconds was measured using a boxcar integrator.
with magnetizatiotM aso[1—(M/M)?], whereM is the Before describing details of experimental results, let us
saturation magnetizatiohThus, the interband transition is a explain the electronic structure seen in the absorption spec-
sensitive monitor of the nearest-neighbor spin correlatiorirum of doped manganites. The inset of Figa)lshows the
(S;S +1), Or macroscopic magnetization. absorption spectra(w) for (Ndy sSm 5)g 65l sMNO; above

In this paper, we report on a significant change in spirand belowT (=155 K). The temperature-independent com-
alignment by the photoinjection of, carriers and its dy- ponent(hatched region in the insethas been ascribed to the
namical aspect in a doped manganite thin filmcharge-transfefCT) type excitation from oxygen2to Mn
(Ndp Sy £)1 -« SEMNO;  (x=0.4). In the ferromagnetic 3d bands’® The lower- (~1.2 eV) and higher-lying
phase, we observed an increase in absorption due to the ifi=- 4.4 eV) peak structures correspond to the up-spin
terband transition by the irradiation of a femtosecond or[tgg(T)eg(T)l__] and down—spir[tgg(T)eg(l)l__] excitations,
nanosecond laser pulse, indicating a decrease of magnetiza&spectively. The temperature-sensitive components ob-
tion in thet,g-localized spin. The demagnetization efficiency served in 2.2—-4.0 eV and below 1.3 eV are due to the inter-
depends strongly on the spin direction of the exciégdar-  band transition between tllesplit bands and intraband tran-
riers; down-spirey electrons antiparallel to thig, spin more  sition within the lower band, respectivelyHereafter, we
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relation. The absorption decrease seen below 2.0 eV at

FIG. 1. (a) Absorption spectra for théNdy :Simh, 2o <St MNOs >T. is not related to thé-ggp transition, but associated with
thin film before (solid curve and after pump-pulse excitations the small polaron transition. In the absorption spectrum
(dashed curve Inset shows the absorption spectra at 5 and 293 Kabove T, there exists a small polaron excitation band
The hatched region represents the temperature-independent chargg@aked at~1.5 eV 19 As the optical transition between the
transfer(CT) component(b) Differential absorption spectrAa(w)  Small polaron and extended states is blocked under the
in ferromagnetic phase at 5 K. The excitation photon energy angpump-pulse-excitation condition, the absorption due to this
density are 3.20 eV and 8 X 10'° cm™3, respectively. Delay times  transition is bleached. The induced absorption seei at
between pump and probe pulses are shown in the figure. <T. in the same energy region<(2.0 eV) may be due to

. » ~small polaron formation associated with the optical excita-
refer to the former transition asJagap transition. Shown in  tion of e. carriers. A detailed study of small polarons is in
Fig. 1(b) are the differential absorption spectriabaK in the progress?.
ferromagnetic phase after the pump-pulse excitation with the  pg the spectral weight of thd-gap absorption band is
photon e_nergy_of 3.20 eV. T_he differential absorption SPeChroportional to[ 1— (M/M)2], we can derive a magnetiza-
trum A is defined as the difference between pumped andion change by pump-pulse excitation analyzing the spectral
unpumped spectra. The positider, that is, induced absorp- 4req of differential spectrum. The photoinduced change of

tion, is observed for 2.2—3.0 eV and 1.65-2.0 eV, when th . _ (3.0eV ) )
delay time proceeds from 10 to 700 ps. At the late stage of %g(ra]citsraglxwelghu S=I22e a(w)do, of the J-gap absorp
. . pressed by

2 us, the induced spectral change almost disappeaesthe

lowest spectrum The enhanced absorption observed in 2.2— AS=C(M2—M ’2)/M§, (1)

3.0 eV is ascribed to the inducettgap absorption. This

indicates that the photoexcite} carriers suppress the spin whereM andM’ are magnetizations before and after pump-

correlations(S;S; | 1), or decrease the macroscopic magneti-pulse excitations, respectively. The coefficie@t is 8.3

zationM. The similar photoinduced effect indicating the de- X 10° eV cm™* for the spectral region studied here. Using

crease ofM was observed for L@Sr, ;MnO; in the ferro- Eg. (1), we obtain the photoinduced demagnetization

magnetic phase. AM/MJ=(M—-M')/M] as large as 0.1 for the excitation
The photoinduced effect is found to be strongly temperadensity of ~8x 10™ cm™2 with the photon energy of 3.20

ture dependent and observable only in the spin-polarized feeV at the delay time of 700 ps. Taking the Mn site density as

romagnetic phase<(155 K). As shown in Fig. 2, we see a 2X10?> cm™ 3, the demagnetization of QVig means that one

large absorption increase, and the spectral change is almgsotoinjectedey electron reverses the direction of about

independent of temperatures below 93 &T,) both in the  30t,4 spins.

regions of 2.2-3.0 eV and 1.6—2.0 eV. With further increas- The efficiency of the magnetization change is strongly

ing temperatures beyorif,, the spectral change of the in- dependent on the spin direction of the excitgdelectrons.

terband transitior(2.2—3.0 eV becomes small. This obser- The spin direction can be controlled with changing the exci-

vation is consistent with the above interpretation, that is, théation photon energ§.,: the up-(down-) spin electrons are

photoexcitede, carriers suppress the ferromagnetic spin cor-excited wherk,, is below(aboveg ~2.5 eV. Figure 3 shows
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FIG. 3. Photon energy dependence of demagnetization effi- g )
ciency (circle) together with the CT absorption spectryiratched g 0.5
region in the inset of Fig. (&)]. The pulse duration and the excita- ~ i
tion photon density are 20 ns and 0.7-210°° cm 3, respec- S] ol oo 00
tively. | X S 1)
DELAY TIME (ts)

the demagnetization efficiency vs the excitation photon en-

ergy at 12 K together with the CT absorption spectrum FIG. 4. (a) and (b) Time evolutions of absorption changex
[hatched region in the inset of Fig(dl]. We define the de- measured at 2.8 eV for 5 and 270 K. The excitation photon energy
magnetization efficiencyy as (AM/Mg)(Nyn/Npp), where — and density are 3.20 eV ane8X 10 cm™>, respectively.(c)

Ny, and Nph are the densities (numbers/éﬁm of the Mn Time evolution of Ae measured in the photon energy region of
site and absorbed photon, respectively. Thealue increases 2.0-3.0 eV on theus time scale. The excitation photon energy and
above~2.5 eV and is enhanced at the down-spin transitiondensity are 3.20 eV and2x10° cm, respectively. The solid

In the down-spin transitioreg electrons having a spin anti- Iir_le represents t_he fitted curve assuming a single exponential decay
parallel to thet,g-localized spin are generated, and theseV'th the decay time of 300 ns.

electrons reverse the direction gf; spins. On the contrary, noral behaviors are observed, especially at the early stage of
when up-spirey electrons are generated by the up-spin tranthe delay time.Aa decreases just after the pumping pulse,
sition, they do not contribute to the changetgf-localized  and increases within-1 ps. Although the bleaching compo-
spins. The remaining efficiency seen in the low-energy renent is small, the bleaching followed by the absorption in-
gion may be explained by the existence of a broad tail of therrease is reproducible. The time scale of the negative
down-spin transition band. Here, we discuss the thermal conbleaching is compared to the relaxation tim@.7 p9 of
tribution to the increase of demagnetization efficiency. he photoexcited carriers in the antiferromagnetic phase for pro-
value for 3.6 eV is about six times larger than that for 1.9totypical CT insulators, YB#&u,Og, and NGCuQ,.* This
eV, while the energy deposited into the sample increases byuggests that the fast bleaching component is ascribed to the
a factor of 1.9 for the corresponding photon energies. Imonradiative relaxation of photoexciteg carriers in the fer-
addition, the measured temperature dependensé afound  romagnetic phase. The upper panel of Fi¢)4shows the
12 K is very weak. Therefore, the observed enhancement oftemporal behaviors oA« at the late stage. At 5 KAa ex-
the demagnetization efficiency at the down-spin transition isibits an initial rapid rise followed by a slow increase lasting
not ascribed to the temperature rise caused by the pumgbout 200 ps, which is in contrast to the time-independent
pulse. As discussed in the following paragraph, dynamicabehavior between 5 and 400 ps observed at 270 K.
behaviors on the ps-ns time scale also confirm the purely As the photoinduced demagnetization is sufficiently low
electronic process af; carriers injected by the pump pulse. (AM/M¢<1), Aa is approximately proportional taM.

In order to obtain deeper insight into the dynamical aspecThus, the relatively slow rise df« reflects the characteristic
of the photoinduced spin disorder, temporal behaviors of thé&ehavior ofAM in the ferromagnetic phase. Defining a non-
spectral change were also investigated using a time-resolvagkponential rise time in which the signal increases from 10
spectroscopy. Figure(d shows the time evolution of the to 90% of the maximum value, the rise time of the demag-
spectral change monitored at 2.8 eV on the ps time scale. Inetization is about 200 ps. The decay behavior on ke
the paramagnetic phase at 270 Kg increases quickly time scale is shown in Fig.(d). The decay time oA« cor-
(~1 ps) and remains constant at the late stage up to 400 psesponding to the recovery time of the magnetization change
In the ferromagnetic phase at 5 K, by contrast, different temis found to be about 300 ns. It is worthwhile to point out that
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the slow rise time ofA« observed 85 K rules out the pos- In summary, we have observed the significant
sibility of the lattice temperature rise caused by the pumgspectral change by pump-pulse excitation in
pulse. As the lattice specific heat is larger at higher tempera-Nd, S, =) ; _SrL,MnO; (x=0.4) thin film in the ferromag-
tures, the rise time of the absorption change due to the latticgetic phase. The increase of spectral weight is observed in
temperature rise should be slower at 276°Hn this experi-  the photon energy region of 2.2—3.0 eV, which indicates the
ment, however, the rise time at 270 K is as short-@)0 fs.  photoinduced demagnetization of the localized Mn spin sys-
We now propose the following scenario for the photoin-iem. A demagnetization as large asMltakes place when
duced demagnetization process. At the early stage after thgq down-spire, carriers are injected by pump-pulse excita-
photoexcitation {1 ps), the photogenerated down-S@fl  yjon (~gx 10199cm‘3). The time evolution of demagnetiza-

electrons _eXC"e h|gh-frequ§ncy Spin waves of tggaspms tion has revealed a dynamical aspect of spin alignment in the
(S=3/2) via the strong on-site exchange interaction betWee'aioubIe—exchange ferromagnet. The spin-disordered state is

tsiifgelspg]xg?gtt%gesspl?ﬁ V'?'Ig\t/ié];‘tlzﬁhe;F?I_'ﬁg'ﬁgoﬁiggtignse formed in 200 ps after the photoinjection ef carriers and
y P 9 the ferromagnetic ground state is recovered in 300 ns. The

relaxation of photoexcited, carriers occurs within-1 ps, i o L
whereas the excited spin waves induce a dynamical chaané)ntm”a_b'“ty of magnetization by the p_hotomjecnon of car
of the t,4-spin system up to~300 ns. The remaining spin ers |nd!catgs thgt the doped mgngamte_s have.the potential
waves continue to destroy the ferromagnetic spin ordering©’ @pplications in magneto-optical devices with fast re-
and the disordered spin system may turn into an assembly GPONSe times.

the ferromagnetic domains to reduce magnetstatic energies.

Such a magnetic state may have a resemblance to the spigb
glass state, since the excited magnetic system is quenched borts and Culture of Japan. One of the autrii.) ac-
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