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Optical evidence for transient photoinduced magnetization in
La0.7Ca0.3MnO3

Abstract
Pump-probe Kerr spectroscopy reveals evidence for transient photoinduced magnetization (PIM) near Tc in
the colossally magnetoresistive manganite La0.7Ca0.3MnO3. For temperatures above Tc, the PIM signature
reaches full strength at the field-driven magnetic phase transition, while below Tc 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 Tc.
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Optical evidence for transient photoinduced magnetization in La0.7Ca0.3MnO 3
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Pump-probe Kerr spectroscopy reveals evidence for transient photoinduced magnetizationsPIMd nearTc in
the colossally magnetoresistive manganite La0.7Ca0.3MnO3. For temperatures aboveTc, the PIM signature
reaches full strength at the field-driven magnetic phase transition, while belowTc 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
Tc.

DOI: 10.1103/PhysRevB.71.075117 PACS numberssd: 75.47.Lx, 71.30.1h, 72.25.Rb, 78.20.Ls

The colossally magnetoresistivesCMRd manganites con-
tinue to challenge our understanding of strongly correlated
systems. Phase separation is observed on a variety of length
scales in these materials and appears central to our under-
standing of their complex insulator-metalsIM d transitions.1,2

CMR manganites are also optically responsive, and pump-
probe methods may provide a uniquely comprehensive pic-
ture of locally pump-induced phase transitions from the in-
dividual perspectives of the spin, charge, and lattice degrees
of freedom. Pump pulses may initiate phase separation, en-
couraging local IM transitions,3 changes in charge order,3,4

and spin disordering.5,6 When such changes arereversible,
monitoring the breakdown and restoration of magnetic and
charge states could eventually yield spatial information about
phase-separation dynamics.

Previously, we showed in the manganites that time-
resolved Kerr effects can measure transient magnetization
dynamics and that this method is highly sensitive to the pres-
ence of magnetic phase separation.5 In this study, these tech-
niques reveal two-component Kerr responses in
La0.7Ca0.3MnO3 sLCMOd nearTc, where other methods have
identified phase separation into paramagneticsPMd and fer-
romagneticsFMd regions.7–11 A fast Kerr transient arises
from pump-induced demagnetizationsPIDd and is present
well below Tc. The slower component appears only in the
vicinity of the field-driven IM and magnetic phase transitions
and is most likely due to a process of pump-induced magne-
tization sPIMd. Previous studies have reported PIM in dilute
magnetic semiconductors, attributed to the proliferation of
magnetic polarons.12 Yet CMR manganites feature strong
coupling between carrier density and magnetic order, and
their phase instabilities demonstrate that competing states are
close in energy over a wide range of external parameters.
These systems are therefore strong candidates for transient
si.e., reversibled photonucleation of magnetic order. Com-
parisons of our Kerr data to neutron-scattering measurements
indicate that phase separation may play an important role in
the nucleation of PIM.

Preparation of the bulk La0.7Ca0.3MnO3 samples studied
here is described elsewhere.5 Routine sample characteriza-
tion includes electrical resistivity, dc magnetizationsTc

=255 Kd, ac magnetic susceptibility, and dc polar Kerr effect

measurements performed from 5 to 300 K and at magnetic
fields up to 9 T. Simultaneous transient polar Kerr and re-
flectivity studies are performed with subpicosecond resolu-
tion as described elsewhere.5,13 In dc Kerr studies, we em-
ploy a specially modified cryostat for which window
contributions are below our measurement noise. In all time-
resolved measurements, the pump is linearly polarized. Im-
portantly, we employ a field-pairing method for both dc and
time-resolved Kerr effects that isolates responses that are odd
under sign reversal of the field direction and history.5 For
example, the transient rotation is obtained by subtracting
measurements taken at opposite magnetic fields and
sweep directions and is reported asDusBd;fDuincsBd
−Dudecs−Bdg /2. In this expression,Duinc andDudec are tran-
sient rotations obtained during increasing and decreasing
field sweeps, respectively. The same method is used to obtain
the transient ellipticity,Dh, as well as the dc Kerr signals,u
andh. To maintain a consistent sample history, the magnetic-
field sweep rates0.5 T/mind and measurement times forall
data collections are computer controlled and identical.

To linear order,u and h are written asu= f ·M and h
=g·M, where f andg are magneto-opticalsM-Od couplings
and M is the magnetization. In conventional ferromagnets,
the classic application of the Kerr effect is to extractMsBd
from a Kerr hysteresis loop. In the manganites, however,
field-induced IM transitions give rise to a redistribution of
optical spectral weight that generally changes bothf andg.5,6

Hence, the correspondence betweenusBd for hsBdg and
MsBd cannot be taken for granted.14 In pump-probe studies
of the manganites one further encountersdynamicspectral
weight shifts,15 which may induce dynamics inf and g.
Here, we study the dc Kerr effect to assess the reliability of
subsequent time-resolved measurements in capturing magne-
tization dynamics. In LCMO, a static magnetic field can pro-
duce optical spectral weight shifts much larger than those
induced in our time-resolved measurements by the pump
pulse. So by studying the fidelity of the dc Kerr effects in
mapping outMsBd, M-O artifacts are revealed and can be
minimized by proper choice of optical energy.

Figures 1sad and 1sbd compare the profiles ofu andh at
1.55 eV for temperatures just below and aboveTc, respec-
tively. The data forhsBd show a strong departure fromMsBd
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ssolid lined that results from spectral weight transfer. Al-
though this behavior is typical ofh andu for most energies,
we find that at 1.55 eVusBd is a comparatively good mea-
sure ofMsBd. The temperatures shown in Figs. 1sad and 1sbd
are chosen to highlight a difference betweenusBd andMsBd
which does, however, arise nearTc. In comparing data just
below and above the bulkTc, the initial slope ofMsBd soft-
ens aboveTc whereasusBd remains largely unchanged. We
believe the latter reflects an elevated surfaceTc, as observed
in similarly prepared CMR samples,5 although additional
M-O contributions cannot be ruled out. Note that the accu-
racy of rotation in measuring the magnetization is lost for
energies away from 1.55 eVfFig. 1scdg.

The data of Figs. 1sad–1scd indicate that at 1.55 eV the
M-O coupling f is relatively constant across field sweeps at a
fixed temperature. This behavior demonstrates a resilience of
f at 1.55 eV to spectral weight shifts induced by the mag-
netic field, which are large in this system and produce dra-
matic changes ing sand in f at other energiesd. The existence
of special energies for which eitheru or h decouple from
M-O artifacts has been previously discussed,6,16 and our data
indicate thatu at 1.55 eV is fairly well isolated from such
changes and constitutes a good choice of probe energy for
time-resolved studies. A temperature dependence ofu andM
at B=0.5 T fFig. 1sddg shows there is indeed some change in
f with temperature. With these observations in mind, in what
follows we presentDu as aqualitativeprobe of the magne-
tization dynamics in the system and consider that a M-O
coupling transientsi.e., Df ·Md may also contribute to the
observed signal.

Magnetic-field scans taken at a fixed time delay can
greatly facilitate the interpretation of time-resolved data on
magnetic systems. Consider, for example, the limit in which
M is saturated prior to the pump arrivalsT!Tcd. In this case,
the pump generally induces spin disorder and a net reduction

in magnetization,DM /M ,0; and asM reorients in a chang-
ing magnetic field,DM responds with a characteristic profile
that is proportional toM and of opposite sign. Figure 2sad
confirms that this signature of PID appears in field scans of
Du at T=5 K, whereDu reproduces the low-temperature be-
havior of M fFig. 1scdg.

Close to and aboveTc, however, dramatic changes in the
DusBd profile suggest a sign reversal ofDM relative to PID.
Instead of scaling with −M, Du at T=270 K fFig. 2sadg
changes sign and reaches an additional maximum at a field
we denoteBu. Moving away fromBu=2.4 T toward higher
field strengths, the transient signal becomes consistent with
PID again. A purely magnetic interpretation ofDu swhere a
transient inf is ignoredd would indicate that aboveTc pump-
induced magnetization processes coexist with or replace PID
wheneverB is close toBu. Note that the persistence of some
PID processes aboveTc is consistent with the suggestion
from dc Kerr data that the surfaceTc is higher than in the
bulk fFig. 1sbdg. The arrows in Fig. 2sad illustrate an inter-
pretation in which PIM is superimposed on a background of
PID swe refer to this former feature as the “PIM rotation
peak”d.

The coexistence of PIM and PID processes, even at the
maximum of the PIM rotation peak, is established by their
time evolution. We observe a two-component temporal re-
sponse, with a faster component associated with PID and a
slower component corresponding to the PIM rotation peak.
This behavior is most clearly resolved in field sweeps ofDu
taken at different time delays atT=270 K. Such scans are
shown in Fig. 2sbd, where it can be seen that PID is estab-
lished across the entire field range byDt=400 ps, creating a
baseline from which the PIM rotation peak grows on a nano-
second time scale. Time delay scans at fixed fieldssFig. 3d
show this superposition with better time resolution. AtB
=1.5 T, nearBu, Du comprises an initial negative signalsas-
sociated with PIDd that rises over several hundred picosec-

FIG. 1. dc Kerr rotationsu, solid circlesd, ellipticity sh, open
trianglesd, and magnetizationsM, solid lined vs magnetic field atsad
T=250 K andsbd T=260 K. scd usBd for 1.55 eVssolid circlesd and
2.48 eV sopen circlesd are compared toMsBd ssolid lined at T
=200 K. sdd u at 1.55 eVssolid circlesd andM ssolid lined vs T at a
fixed field B=0.5 T.

FIG. 2. sad Transient Kerr rotation,DusBd, at T=5 K sdashed
lined andT=270 K ssolid lined for a fixed time delayDt=3000 ps.
sbd DusBd at T=270 K for variousDt showing the gradual evolution
of the PIM rotation peak.
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onds and a large positive signalsthe PIM rotation peakd that
develops more slowly over a few nanoseconds. As one
moves away fromBu, the latter component vanishes. For
example, no positive component is seen atB=0.25 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 aboveTc, resulting in peaks in the ac magnetic
susceptibility,x8, at the magnetic critical field strength,Bx. A
comparison ofx8 andDu fFigs. 4sad and 4sbd, respectivelyg
shows that aboveTc the PIM rotation peak is correlated with
magnetic instabilitysBu<Bxd. At Tc and below, however, the
susceptibility maxima converge to a single zero-field peak
while the PIM rotation peak remains at a finite fieldsBu

<0.5 Td well below Tc fFig. 4scdg. The temperature depen-
dence ofBu andBx is summarized in Fig. 5sad, and strongly
suggests a magnetic activation energy for, and a magnetic
interpretation of, the PIM rotation peak.

As discussed above, transient changes in the M-O cou-
pling constants can yield a transient Kerr effect even when
DM is zero, so their contribution to the PIM rotation peak
needs to be considered. The Kerr rotation transient in this
case is given byDu= f ·DM +Df ·M. As detailed in Refs. 5,
14, and 17–19, one normally uses measurements ofDh to
deduce the nonmagnetic M-O contribution toDu, given by
the second term inDu proportional toDf. However, Figs.
1sad and 1sbd show thatDh is highly unreliable as a measure
of DM. And since prior studies show that M-O coupling
transients in LCMO persist beyond the time window of our
experiment,5 magnetization transients cannot be identified
unambiguously by performing both types of Kerr measure-
ments.

Nonetheless, the behavior of the transient reflectivity can
be used to explore the converse and help determine if the
signal Du is purely nonmagnetic. Changes in the diagonal
elements of the dielectric tensor« strongly affectf,5,6 and so
Df is expected to respond to transient changes in reflectivity,
DR/R. Figure 4sdd shows that aboveTc, DR/R is strongly
peaked at the dielectric critical field,B«, associated with the
field-induced IM boundary. Numerous studies have shown
that pump-induced shifts in optical spectral weights“dy-
namic spectral weight transfer”d are largest at the IM

transition.4,15,20 Since the IM and PM-to-FM transitions co-
incide, similar behavior ofB« andBx aboveTc fFig. 5sadg is
not surprising and one might then suppose that transient M-O
artifacts account for the PIM rotation peak atBu. But the
behavior belowTc makes such a nonmagnetic interpretation
of the PIM rotation peak rather difficult. Note thatB«→0 at
Tc. So belowTc, there are no transient reflectivity features at
B=0.5 T which might explain the PIM rotation peak. In
other words, the PIM rotation peak persists down to tempera-
tures where the field-driven IM transition is no longer pos-
sible. These data show that a M-O coupling transient associ-
ated withDR/R does not account for the PIM rotation peaks
seen belowTc, and strongly point to pump-induced magne-
tization as the origin of these features.

Since different physical processes such as PIM and PID
can be distinguished by their temporal signatures, transient
Kerr spectroscopy creates opportunities for exploring non-
equilibrium dynamics of phase separation in the manganites.
Interestingly, the temperature dependence of the PIM rota-
tion peak is similar to that of short-range magnetic correla-
tions near Tc, which have been measured by neutron
scattering11 and discussed within the context of phase sepa-

FIG. 3. Du at B=0.25 T ssolidd, and B=1.5 T sopend. Data
taken atT=270 K.

FIG. 4. sColord sad ac susceptibilities for the field-driven mag-
netic phase transition at variousT. The data atT=250 K has been
scaled by 0.2.sbd DusBd at fixedDt=3000 ps forT.Tc and scd T
&Tc. Data atT=256 K is shown in bothsbd andscd for comparative
purposes.sdd Transient reflectivity,DR/R, at Dt=3000 ps forT
=270, 250, and 5 K.
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ration. This comparison appears in Fig. 5sbd, where we plot
the amplitude of the PIM rotation peak along with published
neutron-scattering intensities and quasielastic scattering
sQESd in the spin-fluctuation spectrum.11 The QES compo-
nent has been attributed to short-range spin diffusion on the
Mn sublattice,10 and similar small-angle neutron-scattering
sSANSd results have been interpreted as evidence for short-
range ferromagnetic clusters aroundTc.

22

Figure 5sbd shows these magnetic correlations appear si-
multaneously with an apparent instability toward magnetic
ordering upon photoexcitation. Note that PIM istransitory
and does not identify the type of magnetic fluctuations that
may exist atequilibrium as observed in the QES and SANS
data. With this in mind, our data suggest that the following
possibilities merit further study:s1d The presence of FM
clusters could be necessary for PIM, which encourages their
enlargement and/or proliferation. The magnetic dynamics of
photoinduced magnetic polarons have been observed in a
rather different system, dilute magnetic semiconductors,12

where polaron moments are thought to organize on a time

scale faster than spin-lattice relaxation through nonscalar
spin-spin interactions.23 Although the physics of
La0.7Ca0.3MnO3 is quite different, the onset of the PIM signal
in our samplesFig. 3d does fall in the range between spin-
spin and spin-lattice relaxation times near the IM transition
in LCMO, from 250 ps to a few nanoseconds, respectively.24

s2d The PIM signal may instead represent a change in the
volume fraction of competing FM and PM phases on a larger
spatial length scale.1 Though the comparison in Fig. 5sbd
suggests a connection between our data and phase separa-
tion, quantities that peak aroundTc are commonplace in the
manganites, including anomalous volume expansion,22 car-
rier relaxation times,15 and the number of correlated lattice
polarons11,21falso shown in Fig. 5sbd for comparisong. While
many of these phenomena are indeed interrelated,10,11,22,25,26

it is premature to draw a causal relationship between the
observation of ferromagnetic clusters by neutron scattering
and our Kerr data.

In conclusion, these studies provide intriguing signatures
of pump-induced magnetization in La0.7Ca0.3MnO3. A two-
component response appears to result from simultaneous
photoinduced spin disordering and photonucleated spin or-
dering nearTc. These findings contrast with numerous prior
pump-probe optical studies of this system, in which charge
dynamics nearTc in LCMO were interpreted entirely in the
context of spin disordering.15 Future studies of PIM dynam-
ics could lead to an improved understanding of phase sepa-
ration nearTc, and may reveal coupled spin-charge modes
whose temporal evolution could provide a direct measure-
ment of spin-charge couplings in these systems.

Note added in proof.Related work on FeRh thin films was
recently published by Juet al.27
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