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Abstract.

In this work, we use ultrafast optical pump-optical probe (OPOP) spectroscopy to probe the
polaron dynamics in La0.7Ca0.3MnO3 (LCMO) thin films. The temporal evolution in transient
reflectivity change ∆R/R exhibits two relaxing components: a fast component with a time
constant of subpicosecond and a slow component with time constant ranging from tens of ps to
hundreds of ps. The amplitude of the fast component exhibits the similar temperature depence
with that of the resistivity, and the neutron scattering intensity due to nanoscale correlated
polarons. The results strongly suggest that the fast photoinduced reflectivity change may have
been due to the photoexcitation and trapping process of correlated Jahn-Teller (T-J) polarons
in the paramagnetic (PM) and ferromagnetic (FM) phases.

1. Introduction

Recently electronic inhomogeneities with a wide variety of length scales (from sub-nanometers
to microns) have been recognized as the intrinsic features of manganites [1-3]. These
inhomogeneities may result from the coexistence of correlated and uncorrelated local lattice
distortions (JahnTeller polarons) in the paramagnetic (PM) phase or the combination of charge-
orbital ordered regions and spin ordering (magnetic polarons) domains in the ferromagnetic
(FM)/antiferromagnetic (AFM) phases of manganites. Neutron and x-ray scattering techniques
are frequently used to explore the existence of electronic inhomogeneities and the distribution
of uncorrelated and correlated polarons in manganites at various temperatures. The results
strongly suggest that the nanoscale correlated polarons is the dominant contribution to the
CMR effect and the competition between various interactions in the electronic inhomogeneities
are crucial for the colossal responses in magnetoresistance. Recently, researchers have paid close
attention to investigate the strongly correlated electron materials by the ultrafast techniques,
since the relative contributions of electron, phonon, and spin dynamics in these materials can
be directly resolved in the time domain [4-7]. Moreover, the temperature dependence of the
relaxation behavior always demonstrates a dramatic change near the transition temperature,
which may reveal the valuable information about the physical mechanisms governing the
intriguing properties of these materials. In this work, we use ultrafast OPOP spectroscopy
to probe polaron dynamics in La0.7Ca0.3MnO3 thin films. Although this manganite has been
investigated extensively by many groups, most of the reports are concerned with a relative slow
component, which corresponds to the spin-lattice interaction and the temperature dependence
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of the slow relaxation time follows the spin specific heat [4]. There are seldom reports about the
fast component. Therefore we will concentrate on the fast component of the relaxation process
in the present work.

Figure 1. The (a) resistance versus temperature (R-T) curve, (b) magnetization versus
temperature (M-T) curve, (c) X-ray diffraction (XRD) pattern, and (d) atomic force microscopy
(AFM) image of the La0.7Ca0.3MnO3 sample.

2. Experiment

The pure phase (001) La0.7Ca0.3MnO3 thin film used in this study was prepared by pulsed laser
deposition. The deposited LCMO thin film has a Curie temperature TC = 255 K with a thickness
of 250 nm. The detailed characteristics of the films, include resistance versus temperature (R-
T) curve, magnetization versus temperature (M-T) curve, X-ray diffraction (XRD) pattern, and
atomic force microscopy (AFM) image, are shown in Figure 1. The optical pulses were produced
by a mode-locked Ti:sapphire laser ( Femtolaser, Austria) with a photon energy of 1.55 eV and
a 75 MHz train of 20 fs pulses. The ratio between the average power of the pump and probe
beams was set at 50:2. The typical energy density of the pump pulses was ∼ 5 µJ/cm2, and the
pulses were modulated at 87 KHz with an acousto-optic modulator. The small reflected signals
were then detected by a lock-in amplifier [8].

3. Results and Discussion

Figure 2 shows the changes in transient reflectivity ∆R/R curves for a La0.7Ca0.3MnO3 thin
film measured at various temperatures. Each ∆R/R curve can be fitted by a superposition of
two exponential terms (namely the fast, slow components in this paper) and a quasi-constant
component, respectively. In the following, we will focus on the dynamics of fast component in
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Figure 2. The transient reflectivity ∆R/R curves of a La0.7Ca0.3MnO3 thin film measured at
various temperatures.

LCMO. Figure 3 (a) and (b) show the temperature dependence of the amplitude Afast(T) and
the relaxation time τfast(T) of this component, respectively.

At T > TC , the relatively weaker and gradual decrease of Afast(T) with increasing
temperature are primarily due to the decreasing population of the nanoscale correlated polarons
and the lower hopping rate in the PM phase. Near TC and in the PM phase, the number
of nanoscale correlated polarons reaches maximum [2], causing Afast to have a peak near the
transition temperature. Upon lowering the temperature into the FM phase, Figure 3 shows the
Afast has large fluctuations in TC > T > 220 K, and drop abruptly as temperature decreases
to 160 K in the FM phase. The reason for the complicated behavior just below TC may be due
to the rapid changes of the electronic and phase inhomogeneities in this region. For T < 140 K,
the spins are almost fully alignd and the double exchange becomes dominant for the electrical
conduction, thus the itinerant eg electrons hop freely between Mn ions. Then the population
of polaron and Afast almost disappear in this temperature range. The temperature dependence
of the amplitude Afast(T) of the fast component exhibits the similar temperature depencdence
of the resistivity, and the neutron scattering intensity due to nanoscale correlated polarons.
Therefore, the results strongly suggest that the fast photoinduced reflectivity change may have
been due to the photoexcitation and trapping process of correlated Jahn-Teller (T-J) polarons
in PM and FM phases and also reveals the electronic inhomogenity and percolative nature of
the PM- FM /metal-insulator transition in LCMO maganites.

The relaxation time, which corresponds to the re-trapping time of a photoexcited carrier to
its polaronic state, is about 450-600 fs. It is closed to the time predicted by neutron and x-ray
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scattering measurements [1]. The relaxation time reduces slightly at T < 160 K, which is the
typical value of a conventional metal.

Figure 3. The temperature dependence of (a) amplitude Afast(T) and (b) relaxation time
τfast(T) of the fast component.

4. Summary

In summary, we used ultrafast optical pump-optical probe (OPOP) spectroscopy to probe
polaron dynamics in La0.7Ca0.3MnO3 thin films. The temperature dependence of Afast and τfast

of the fast component in ∆R/R reveals the electronic inhomogenity and percolative nature of the
PM-FM/ metal- insulator transition in LCMO maganites. The present study demonstrates that
ultrafast OPOP spectroscopy can serve as an alterative experimental technique to investigate the
correlated J-T polaron dynamics in the PM and FM phases, which is crucial for understanding
the role of polaron in the exotic physical properties of manganites.
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