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Spin—lattice interaction in colossal magnetoresistance manganites
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The metal—insulator transition and underlying spin dynamics ip;Dg;MnO5;(D=Ca, Sr) are
investigated using optical pump—probe spectroscopy at 1.5 eV. Our measurements, which span the
ferromagnetic—paramagnetic transition temperature, reveal that the dynamics of the optically
induced spectral weight transfer follow the temperature dependence of the magnetic specific heat.
This dependence reflects the intrinsic interdependence between the optical conductivity and
magnetism in the manganites allowing for the determination of the spin-lattice coupling magnitude.
© 2000 American Institute of Physidss0003-695(00)04748-3

The metal-insulator transitiofMl) in the manganite model for the spin—lattice interaction thus showing that
perovskites (Re ,D,MnO;, where Re is a rare earth such asDSWT is associated with photoinduced demagnetization.
La or Nd and D is a divalent alkali such as Sr or)®@&s  Our results are consistent with the fact that magnetism and
extensively studied in the 1950’s and 1960&d theoreti- transport in the manganites are interdependent in an intrinsic
cally interpreted using the double exchange md@#X).>  manner.

More recently, it has been realized that double exchange The epitaxial Lg.CaMnO; (LCMO) and
alone cannot account for the observed changes in resistivitya, ;Sr, MnO; (LSMO) films (~75nm thick used in the

as a function of temperatur@r as a function of applied study were prepared by pulsed laser deposition on LgAIO
magnetic field in the manganites. The highly correlated na-substrates using a XeCl excimer laskiThe oxygen back-
ture of the spin, lattice, charge, and orbital degrees of freeground pressure was 400 mTorr and the heater block tem-
dom lies at the heart of the phase transitidelow T, this  perature was 1000 K. After the deposition the sample was
strong correlation leads to metallicity and ferromagnetic or-annealed at 1170 K under flowing oxygen. From magnetiza-
der (x=0.2-0.4). Commensurate with the MI transition is ation data, the LCMO film had a paramagnetic insulaf@b
dramatic spectral weight transfé8WT) of the optical con-  to ferromagnetic metalFM) transition at 270 K, while the
ductivity from higher energies<{1.5eV) to lower energies | SMO film exhibited a paramagnetic met&PM) to FM
(below ~1 eV).* transition at 355 K. The films were excited and probed with

The double exchange interactiodbex) that induces fer- 55 fs/1.5 eV pulses at various temperatures above and below
romagnetism in the manganites isefifectiveinteraction that Tc- A low repetition_rate(l kHz) system was used for the
is unlike the familiar Heisenberg direct exchangemeasurements to avoid a residual background signal due to
interaction” The double exchange interaction is related to theiong-lived excitations. The absorption coefficient of the films
kinetic energy of the, electrons and their hopping between \yas ~9x 10 cm™%. The excitation fluence of-30uJ/cn?
neighboring Mn atoms. This leads to the strong correlationyenerated an excited carrier density 6f10"°cm 3. The
between transport and magnetizatfofihis correlation is re- pump and probe beams were both linearly polarized and or-
flected in the prevailing CMR theories that attribute the Mlthogonal to each other. Transient reflection and transmission
transition to either the magnetization induced increase in thgere measured simultaneously, allowing for the extraction of
electron conduction bandwidfhthe magnetization related absorption and refractive index dynamics. No Fabry—Perot
current carrier density collapSeor a magnetization depen- effect was detected in these highly absorptive films and the
dent localization length or barriér. o transient transmission was found to faithfully reflect the ab-

Despite the tremendous surge in interest in this class forption dynamics. Therefore we present induced transmis-
materials, the investigation of the ultrafast dynamics of thegjgp, changes normalized to the film transmissid3J.

MI transition has been lacking. In previous work we have |, previous work? we showed that independent of the

demonstrated that optical transient absorption is a sensitivgy -itation energy, the measured response probed at 3 eV is
technique for investigating the MI transition_ by monitoring weakly temperature dependent while that probed at 1.5 eV
the temporal evolution of the spectre_ll V,Ve'ght trgnsfer Inchanged dramatically in amplitude and time constant as a
Lag Cay MnO; (LCMO) upon photoexcitatiof” In this let- ¢, iion of temperature. Kramers-Kronig requires that re-

ter we present data on 5 MnO; (LSMO) (in addition fractive index changes at 3 eV reflect the absorption change

to LCMO) and model the results using a two—temperatureat other frequencieghose measured at 1.5 eV among them

The lack of temperature dependence in the dynamics probed
dCurrent address: Kirtland AFB-DELS, Albuquerque, NM 87117. at 3 eV can be understood by assuming that the observed

YCurrent address: Dept. of Physics, California State University-Long Beach ; : ;
Long Beach, CA 90840, dynamics at 1.5 eV is compensated with correlated, yet op

9Author to whom correspondence should be addressed; electronic maiPOSIte, Changes in the Drude |0_W energy part.of the spec-
ttaylor@lanl.gov trum. This was termed dynamic spectral weight transfer
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FIG. 2. Spin-lattice relaxation constantg() for LCMO (H) and LSMO
(@) as a function of the temperature normalized'to The scaled magnetic
specific heat(solid lines is superimposed omrg for both LCMO and
LSMO.

(~20-200ps). In the following, we focus on the slow com-
ponent, which we attribute to the spin-lattice thermalization.
The fast component will be discussed in a future publication.
The component of interest is represented by the decrease in
transmission(increase in absorptionthat develops below
T.. The time constant for this component is plotted in Fig. 2
for LCMO and LSMO as a function of the temperature nor-
malized to their respectiv€.. The time constant in LCMO
peaks at~260K with a value of~250ps decreasing to
~20 ps at low temperatures. The extracted time constant for
LSMO also peaks below...

In their work Zhaoet al. attempted to explain the ob-
served conductivity dynamics in LCMO through the elec-

tronic nature of the optical transitions at 1.5 eV including the
photoionization of the Jahn—Teller distortion and other spin—
flip transitions™ The fact is that the assignment of optical
transitions is still a controversial subject and our dasague
(DSWT) representing the photoinduced partial transfer, beagainst this approach. The two important observations from
low T., of optical conductivity from the low-energy our work in Ref. 10 are thatl) the measured optical re-
(<1eV) part of the spectrum to the high-energy regionsponse probed at 1.5 eV is vastly different from that probed
(~1.5eV). In recent 1.5 eV-pump/terahertz-probe experi-at 3 eV where it is insensitive to the Ml transition, a(g]
ments we measured transient conductivity changes with timéhe response measured at either probe energy, below and
constants whose temperature dependence quantitatively caboveT,, is independent of the excitation used whether at
relates with, yet is opposite in amplitude to, the dynamicsl.5 or 3 eV. The first observation suggests that the 1.5 eV
probed at 1.5 eV In this context, the increase of resistance photon probes the dynamics of tieg conduction electrons
upon photoexcitation in the FM state reported by Zhaowhile the 3 eV photons do not probe these electrons. The
et al,'® indicates a suppression of the Drude spectral weighsecond observation reflects the fact that the long time scale
and is consistent with DSWT. However, the nanosecond dydynamics is determined by the interaction of the phonons
namics presented in Ref. 13 reflect the recovery of the SWvith the elementary excitations of the spin system, the mag-
rather than its onset. nons. The exact nature of the electronic excitafiiog., ini-

The induced change in transmission is plotted in Figtial and final states involvean the other hand is expected to
1(a) for LCMO and Fig. 1b) for LSMO at different tempera- govern the dynamics within the first few picoseconds. The
tures near their respective transition temperatures. Both theuccess of the two-temperature model, as shown below, fur-
LSMO and LCMO films exhibit qualitatively similar dynam- ther supports this conclusion.
ics. The dynamics in Fig. 1 exhibit two components: an ul-  To model the energy transfer between the lattice and
trafast (<1 ps) component and a much slower componenmagnetizatior(spin system we invoke the two-temperature

FIG. 1. Fractional transmission transients at 1.5 eV in LCNHD and
LSMO (b).
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model. We assume that the highly excited electronic excitasignificant change in the spin-lattice coupling constant. This
tion has shed its excess energy and thermalized within theehavior is a reflection of the interdependence of the optical
first couple of picoseconds. For weak lattice heating and foconductivity, represented by the SWT and magnetization in
time delays beyond 5 ps the spin—lattice interaction can béhe manganites.
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