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Optical evidence for transient photoinduced magnetization in
Lap7Cap3MnO3

Abstract

Pump-probe Kerr spectroscopy reveals evidence for transient photoinduced magnetization (PIM) near T, in
the colossally magnetoresistive manganite Lag 7Cag 3MnO3. For temperatures above T, the PIM signature
reaches full strength at the field-driven magnetic phase transition, while below T it exhibits a magnetic
activation threshold of ~0.5 T. We compare the temperature dependence of the effect with diffuse spin
scattering previously measured with neutrons and discuss these findings in the context of phase separation
near T.
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Optical evidence for transient photoinduced magnetization in Lg -Cag sMnO 3

S. A. McGill,! R. I. Miller,! O. N. Torrens; A. Mamchik? I-Wei Chen? and J. M. Kikkawa
1Department of Physics and Astronomy, University of Pennsylvania, Philadelphia, Pennsylvania 19104, USA
’Department of Materials Science & Engineering, University of Pennsylvania, Philadelphia, Pennsylvania 19104, USA
(Received 23 April 2004; revised manuscript received 19 August 2004; published 24 Februayy 2005

Pump-probe Kerr spectroscopy reveals evidence for transient photoinduced magnetadionearT, in
the colossally magnetoresistive manganite s, ;MnO,. For temperatures abovk,, the PIM signature
reaches full strength at the field-driven magnetic phase transition, while bEloitvexhibits a magnetic
activation threshold of~0.5 T. We compare the temperature dependence of the effect with diffuse spin
scattering previously measured with neutrons and discuss these findings in the context of phase separation near
Te.

DOI: 10.1103/PhysRevB.71.075117 PACS nun®er75.47.Lx, 71.30+h, 72.25.Rb, 78.20.Ls

The colossally magnetoresistit€ MR) manganites con- measurements performed from 5 to 300 K and at magnetic
tinue to challenge our understanding of strongly correlatedields up to 9 T. Simultaneous transient polar Kerr and re-
systems. Phase separation is observed on a variety of lendflectivity studies are performed with subpicosecond resolu-
scales in these materials and appears central to our unddion as described elsewheté? In dc Kerr studies, we em-
standing of their complex insulator-met4M) transitionst? ~ ploy a specially modified cryostat for which window
CMR manganites are also optically responsive, and pumptontributions are below our measurement noise. In all time-
probe methods may provide a uniquely comprehensive pid:esolved measurements, the pump is linearly polarized. Im-
ture of locally pump-induced phase transitions from the in-Portantly, we employ a field-pairing method for both dc and
dividual perspectives of the spin, charge, and lattice degredine-resolved Kerr effects that isolates responses that are odd
of freedom. Pump pulses may initiate phase separation, ettnder sign reversal of the field direction and historor _
couraging local IM transitiond,changes in charge ordéf, example, the transient rotation is obtained by sybtractlng
and spin disordering® When such changes areversible ~ Measurements taken at opposite magnetic fields and
monitoring the breakdown and restoration of magnetic angweep directions and is reported asf(B)=[A#"(B)
charge states could eventually yield spatial information about A #**{~B)1/2. In this expression)§"® and A ¢*** are tran-
phase-separation dynamics. sient rotations obtained during increasing and decreasing

Previously, we showed in the manganites that timefield sweeps, respectively. The same method is used to obtain
resolved Kerr effects can measure transient magnetizatioifie transient ellipticityA », as well as the dc Kerr signals,
dynamics and that this method is highly sensitive to the presand 7. To maintain a consistent sample history, the magnetic-
ence of magnetic phase separafidn.this study, these tech- field sweep rat¢0.5 T/min and measurement times faff
niqgues reveal two-component Kerr responses indata collections are computer controlled and identical.

Lay Ca sMnO3; (LCMO) nearT,, where other methods have To linear order,# and » are written as#=f-M and 7
identified phase separation into paramagné®iel) and fer- =g-M, wheref andg are magneto-opticaM-O) couplings
romagnetic(FM) regions’ ! A fast Kerr transient arises andM is the magnetization. In conventional ferromagnets,
from pump-induced demagnetizatidRID) and is present the classic application of the Kerr effect is to extrat(B)

well below T,. The slower component appears only in thefrom a Kerr hysteresis loop. In the manganites, however,
vicinity of the field-driven IM and magnetic phase transitionsfield-induced IM transitions give rise to a redistribution of
and is most likely due to a process of pump-induced magnesptical spectral weight that generally changes Haiindg.>®
tization (PIM). Previous studies have reported PIM in dilute Hence, the correspondence betweg(iB) [or 7(B)] and
magnetic semiconductors, attributed to the proliferation ofM(B) cannot be taken for grantéélin pump-probe studies
magnetic polaron¥ Yet CMR manganites feature strong of the manganites one further encountdgsmamicspectral
coupling between carrier density and magnetic order, aneveight shiftst® which may induce dynamics i and g.
their phase instabilities demonstrate that competing states akere, we study the dc Kerr effect to assess the reliability of
close in energy over a wide range of external parametersubsequent time-resolved measurements in capturing magne-
These systems are therefore strong candidates for transieiation dynamics. In LCMO, a static magnetic field can pro-
(i.e., reversiblg photonucleation of magnetic order. Com- duce optical spectral weight shifts much larger than those
parisons of our Kerr data to neutron-scattering measuremenisduced in our time-resolved measurements by the pump
indicate that phase separation may play an important role ipulse. So by studying the fidelity of the dc Kerr effects in
the nucleation of PIM. mapping outM(B), M-O artifacts are revealed and can be

Preparation of the bulk LaCa, ;MnO3; samples studied minimized by proper choice of optical energy.
here is described elsewhér&koutine sample characteriza-  Figures 1a) and Xb) compare the profiles of and 7 at
tion includes electrical resistivity, dc magnetizatidii,  1.55 eV for temperatures just below and abdyg respec-
=255 K), ac magnetic susceptibility, and dc polar Kerr effecttively. The data forp(B) show a strong departure from(B)
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FIG. 1. dc Kerr rotation(¢, solid circles, ellipticity (», open
triangles, and magnetizatiofM, solid line) vs magnetic field ata)
T=250 K and(b) T=260 K. (c) 8(B) for 1.55 eV(solid circles and
2.48 eV (open circley are compared tdM(B) (solid line) at T
=200 K.(d) 6 at 1.55 eV(solid circles andM (solid line) vs T at a
fixed fieldB=0.5T.

FIG. 2. (a) Transient Kerr rotationA#(B), at T=5 K (dashed
line) and T=270 K (solid line) for a fixed time delayAt=3000 ps.
(b) A9(B) at T=270 K for variousAt showing the gradual evolution
of the PIM rotation peak.

in magnetizationAM/M < 0; and adV reorients in a chang-

(solid line) that results from spectral weight transfer. Al- ing magnetic fieldAM responds with a characteristic profile

though this behavior is typical aj and  for most energies, that is proportional toV and of opposite sign. Figure(&

we find that at 1.55 eW(B) is a comparatively good mea- confirms that this signature of PID appears in field scans of
sure ofM(B). The temperatures shown in Figgaland 1b)  Ag at T=5 K, whereA 6 reproduces the low-temperature be-
are chosen to highlight a difference betwe#B) and M(B) havior of M [Fig. 1(c)].

which does, however, arise neg. In comparing data just Close to and abové&;, however, dramatic changes in the
below and above the bulk,, the initial slope ofM(B) soft-  A#(B) profile suggest a sign reversal &AM relative to PID.

ens aboveT, whereasf(B) remains largely unchanged. We Instead of scaling with M, A@ at T=270 K [Fig. 2a)]
believe the latter reflects an elevated surfiigeas observed changes sign and reaches an additional maximum at a field
in similarly prepared CMR samplésalthough additional we denoteB,. Moving away fromB,=2.4 T toward higher
M-O contributions cannot be ruled out. Note that the accufield strengths, the transient signal becomes consistent with
racy of rotation in measuring the magnetization is lost forPID again. A purely magnetic interpretation &% (where a
energies away from 1.55 ef\Fig. 1(c)]. transient inf is ignored would indicate that abové, pump-

The data of Figs. (—1(c) indicate that at 1.55 eV the induced magnetization processes coexist with or replace PID
M-O couplingf is relatively constant across field sweeps at awheneverB is close toB,. Note that the persistence of some
fixed temperature. This behavior demonstrates a resilience &ID processes aboVE, is consistent with the suggestion
f at 1.55 eV to spectral weight shifts induced by the magfrom dc Kerr data that the surfack is higher than in the
netic field, which are large in this system and produce drabulk [Fig. 1(b)]. The arrows in Fig. @) illustrate an inter-
matic changes ig (and inf at other energigsThe existence pretation in which PIM is superimposed on a background of
of special energies for which eith& or » decouple from PID (we refer to this former feature as the “PIM rotation
M-O artifacts has been previously discus8é8liand our data peak’).
indicate thatd at 1.55 eV is fairly well isolated from such The coexistence of PIM and PID processes, even at the
changes and constitutes a good choice of probe energy fonaximum of the PIM rotation peak, is established by their
time-resolved studies. A temperature dependenaeasfd M time evolution. We observe a two-component temporal re-
atB=0.5 T[Fig. 1(d)] shows there is indeed some change insponse, with a faster component associated with PID and a
f with temperature. With these observations in mind, in whasslower component corresponding to the PIM rotation peak.
follows we preseni\§ as aqualitative probe of the magne- This behavior is most clearly resolved in field sweep#éf
tization dynamics in the system and consider that a M-Qaken at different time delays a=270 K. Such scans are
coupling transienti.e., Af-M) may also contribute to the shown in Fig. 2b), where it can be seen that PID is estab-
observed signal. lished across the entire field range dy=400 ps, creating a

Magnetic-field scans taken at a fixed time delay carbaseline from which the PIM rotation peak grows on a nano-
greatly facilitate the interpretation of time-resolved data onsecond time scale. Time delay scans at fixed fi¢klg. 3)
magnetic systems. Consider, for example, the limit in whichshow this superposition with better time resolution. Bt
M is saturated prior to the pump arriv@i<T,). In this case, =1.5T, neaiB,, A# comprises an initial negative sign@ls-
the pump generally induces spin disorder and a net reductiosociated with PID that rises over several hundred picosec-

075117-2



OPTICAL EVIDENCE FOR TRANSIENT PHOTOINDUCED. PHYSICAL REVIEW B 71, 075117(2005

o 150T 0_0og —270K @
002 - n 025T DDDD -1 15 T 265K (X 02) -

—256K
DDD[]DD

o T=270K_

—250K

%' (10”°/mol)

O

A6 (mrad)

&Qaﬂﬂ " DEDD
w0

n | |

-0.02 |- L s i .....-I...................I.. .......-. .-. K

-0.02 0 1 2 3
At (ns)

A6 (mrad)

FIG. 3. A9 at B=0.25 T (solid), and B=1.5 T (open. Data
taken atT=270 K.

onds and a large positive sign@he PIM rotation peakthat
develops more slowly over a few nanoseconds. As one
moves away fromB,, the latter component vanishes. For
example, no positive component is seeBat).25 T, where
PID dominates.

If the PIM rotation peak is magnetic in origin, then one
might expect it to occur under conditions of greatest mag-
netic instability. Note that the pump pulse carries no angular
momentum in our experiment, and that the applied field
breaks the symmetry for PIM. In LCMO, a PM-to-FM tran-
sition can be induced by a magnetic field for temperatures
close to but abovéd,, resulting in peaks in the ac magnetic
susceptibility,x’, at the magnetic critical field strength,. A
comparison ofy’ andA# [Figs. 4a) and 4b), respectively
shows that abové, the PIM rotation peak is correlated with
magnetic instabilityB,~B,). At T, and below, however, the
susceptibility maxima converge to a single zero-field peak B(T)
while the PIM rotation peak remains at a finite fielB,

~0.5T) well below T, [Fig. 4c)]. The temperature depen- netic phase transition at variods The data aff=250 K has been

dence ofg, andB, IS sumr_nar_lzed in Fig. @), and strongly scaled by 0.2(b) A4(B) at fixed At=3000 ps forT>T, and(c) T
suggests a magnetic activation energy for, and a magnetic

) ) : =T,. Data afT=256 K is shown in botlib) and(c) for comparative
mterpre.tatlon of, the PIM rotatllon peak. . purposes.(d) Transient reflectivity, AR/R, at At=3000 ps forT

As discussed above, transient changes in the M-O CoUz270 250, and 5 K.
pling constants can yield a transient Kerr effect even when
AM is zero, so their contribution to the PIM rotation peak transition1%2°Since the IM and PM-to-FM transitions co-
needs to be considered. The Kerr rotation transient in thigncide, similar behavior oB, andB, aboveT, [Fig. 5@)] is
case is given byAg=f-AM+Af-M. As detailed in Refs. 5, not surprising and one might then suppose that transient M-O
14, and 17-19, one normally uses measurement§spto  artifacts account for the PIM rotation peak Bj. But the
deduce the nonmagnetic M-O contribution 4@, given by  behavior belowT, makes such a nonmagnetic interpretation
the second term i\ @ proportional toAf. However, Figs. of the PIM rotation peak rather difficult. Note th@f — O at
1(a) and Xb) show thatA 7 is highly unreliable as a measure T.. So belowT,, there are no transient reflectivity features at
of AM. And since prior studies show that M-O coupling B=0.5 T which might explain the PIM rotation peak. In
transients in LCMO persist beyond the time window of ourother words, the PIM rotation peak persists down to tempera-
experimen, magnetization transients cannot be identifiedtures where the field-driven IM transition is no longer pos-
unambiguously by performing both types of Kerr measuresible. These data show that a M-O coupling transient associ-
ments. ated withAR/R does not account for the PIM rotation peaks

Nonetheless, the behavior of the transient reflectivity carseen belowl, and strongly point to pump-induced magne-
be used to explore the converse and help determine if thization as the origin of these features.
signal A6 is purely normagnetic. Changes in the diagonal  Since different physical processes such as PIM and PID
elements of the dielectric tenserstrongly affectf,>6and so  can be distinguished by their temporal signatures, transient
Af is expected to respond to transient changes in reflectivitykerr spectroscopy creates opportunities for exploring non-
AR/R. Figure 4d) shows that abovd,, AR/R is strongly equilibrium dynamics of phase separation in the manganites.
peaked at the dielectric critical fiel®,, associated with the Interestingly, the temperature dependence of the PIM rota-
field-induced IM boundary. Numerous studies have showrion peak is similar to that of short-range magnetic correla-
that pump-induced shifts in optical spectral weighdly-  tions near T, which have been measured by neutron
namic spectral weight transfér’are largest at the IM scattering' and discussed within the context of phase sepa-

A6 (mrad)

AR/R (107)

FIG. 4. (Color (a) ac susceptibilities for the field-driven mag-
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. B x (@) [=Pmm (b) scale faster than spin-lattice relaxation through nonscalar
4F 2 " -Oo-Ref. [11] 80 1 spin-spin interaction® Although the physics of
_ X B, o= Ref. [21] /P z  Lag/CaaMnO;is quite different, the onset of the PIM signal
= + B ><>.<++ & in our sample(Fig. 3) does fall in the range between spin-
Q2 X 5 spin and spin-lattice relaxation times near the IM transition
;é# a in LCMO, from 250 ps to a few nanoseconds, respectively.
*  Eay (2) The PIM signal may instead represent a change in the
0 S I 0 volume fraction of competing FM and PM phases on a larger
1.0 1.1 08 1.0 12 spatial length scal®.Though the comparison in Fig.(15
TT, T, suggests a connection between our data and phase separa-

tion, quantities that peak aroudd are commonplace in the

FIG. 5 (a) Critical fields B, B_x' and_BE, as defined _in the text. manganites, including anomalous volume expan%?ou:ar-
(ctgr:\élggtlggusoela?;:lh:n%ﬁtsu (?é“iﬂ"g‘:fe é%;?ltﬂﬁzre;ggﬁizpedd rier relaxation time4® and the number of correlated lattice
with the PIM rotation peak amplitude iné (solid squarels The polarons™*!{also shown in Fig. @) for cqmparlsoﬂl vgggge
neutron and optical data have been normalized to T dbr com- _m"?my of these phenomena are indeed I.nterr(.al%&éblz, o
parative purposes. it is premature to draw a pausal relationship between 'Fhe

observation of ferromagnetic clusters by neutron scattering

ration. This comparison appears in Figbp where we plot  and our Kerr data.
the amplitude of the PIM rotation peak along with published  |n conclusion, these studies provide intriguing signatures
neutron-scattering intensities and quasielastic scatteringf pump-induced magnetization in §.#a sMnO;. A two-
(QES in the spin-fluctuation spectruth.The QES compo- component response appears to result from simultaneous
nent has been attributed to short-range spin diffusion on thgnotoinduced spin disordering and photonucleated spin or-
Mn sublattice; and similar small-angle neutron-scattering dering nearT,. These findings contrast with numerous prior
(SANS) results have been interpreted as evidence for shortyump-probe optical studies of this system, in which charge
range ferromagnetic clusters arouRd™ dynamics neafl, in LCMO were interpreted entirely in the

Figure 3b) shows these magnetic correlations appear Sizontext of spin disorderint. Future studies of PIM dynam-
multaneously with an apparent instability toward magnetiGcs could lead to an improved understanding of phase sepa-
ordering upon photoexcitation. Note that PIMtiginsitory  yation nearT,, and may reveal coupled spin-charge modes
and does not identify the type of magnetic fluctuations thatyhose temporal evolution could provide a direct measure-
may exist atequilibrium as observed in the QES and SANS ment of spin-charge couplings in these systems.
data. With this in mind, our data suggest that the following  Note added in prooRelated work on FeRh thin films was
possibilities merit further study(l) The presence of FM recently published by Jat al?’
clusters could be necessary for PIM, which encourages their
enlargement and/or proliferation. The magnetic dynamics of We thank Valery Kiryukhin for helpful discussions. This
photoinduced magnetic polarons have been observed inwork is supported by NSF-DMR-0094156, -0079909, and
rather different system, dilute magnetic semiconductbrs, -0303458, DARPA under ONR Grant No. N00015-01-1-
where polaron moments are thought to organize on a tim@831, the Sloan Foundation, and the Research Corporation.
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