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Femtosecond time-resolved optical and magneto-optical Kerr studies of coherent spin 

dynamics in La0.67Ca0.33MnO3: We have performed transient reflectitivity and magneto-

optical Kerr measurements from the colossal magnetoresistance compound, La0.67Ca0.33MnO3 

(LCMO) as a function of temperature and magnetic field. An unusually slow (~ µs) carrier 

relaxation component is revealed in the transient reflectivity traces. The component disappears as 

the Curie temperature is approached from below and shows no dependence of the metal-insulator 

phase transition. This slow decay process is attributed to spin-lattice relaxation of carriers in 

localized states (Fig. 1 (a) and (b)). In addition to the long spin-lattice relaxation process, we 

have also investigated the magnetic inhomogeneity by spin wave excitations. We generated and 

detected coherent magentization precessions by subpicosecond laser pulses (Fig. 1 (c) and (d)). 

The intrinsic inhomogeneities induce an effective confinement of the magnetic volume in the 

LCMO thin films. The confined spin waves are excited and detected in addition to the 

fundamental mode due to non-uniform optical excitation in depth. This allows us to estimate 

both the effective nearest-neighbor Heisenberg interaction (spin stiffness) and the effective 

magnetic correlations in the presence of a random spatial distribution of clusters based on a 

comprehensive model of the magnetic eigenmodes and their coupling to light.  



 

Figure 1: Amplitude of ΔR’ (Δt = 500 ps) from the LCMO thin film and single crystal (a) and  

the LSMO thin film (b)  as a function of temperature. The solid lines indicate the power-law 

dependence; c) Voigt-geometry differential magnetic Kerr data of a 60-nm LCMO film grown on 

a (110) NdGaO3 substrate after subtraction of the background of electronic decay. The inset 

shows its Fourier transform; d) Measured magnetic-field dependence of the precession mode 

frequencies 

Generation and detection of coherent longitudinal acoustic phonons in the 

La0.67Sr0.33MnO3 films by femtosecond light pulses: We have measured coherent 

longitudinal acoustic phonons by laser picosecond acoustics on the thin films of doped 

manganite La0.67Sr0.33MnO3 (LSMO) grown on SrTiO3 [100] (STO) substrate. The LSMO 

samples undergo a paramagnetic-ferromagnetic transition at a temperature TC =380 K. The 

ferromagnetic coupling between the nearest neighbor Mn ions results from a double-exchange 

mechanism. Although magnetoresistance in LSMO is not as high as in lower-bandwidth 

manganites, the Curie temperature in LSMO films can be tuned to the room temperature range. 

This makes LSMO a promising candidate for applications that use its magnetoresistance or the 

steep temperature dependence of resistivity near the Curie temperature. In this study, we 

employed a time-resolved two-color pump-probe setup to record the photoinduced reflectance 

oscillations due to excitations of longitudinal acoustic phonons. We determined the longitudinal 

sound velocities (elastic constants) of both the LSMO thin film and the STO substrate by 

changing the sample thickness and probe wavelength. We found that the values of the 

longitudinal sound velocity of LSMO at ~ 1010 Hz, in the zero-sound regime, are more than 

20% larger than those from ultrasound experiments at 103 - 106 Hz. These results reveal the 

possible interaction of sound with charge-ordered clusters in LSMO for a temperature near or 

above TC. 



 
Figure 2: The oscillatory component of the differential reflection pump-probe data for: (a)three 

probe photon energies: 3.1 eV, 2.38 eV and 2.16 eV, and (b) various LSMO epilayer thicknesses: 

200 nm, 300 nm, and 400 nm; c)LA dispersions for the 200-nm LSMO thin film and STO\ 

substrate at room temperature. The wave number is defined as q/2π. The black curves are fits for 

the sound velocities determined from our time-resolved measurements. A schematic diagram of 

the picosecond ultrasonic experiment is shown in the insert; (d) Ultrafastoptical data for the 

LSMO thin film at 400 nm, corresponding to LA frequencies at ~50 GHz (full squares). Full 



circles are ultrasound results for polycrystalline samples of LSMO at 10 MHz. 
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