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Abstract. Time resolved optical reflectivity and x-ray diffraction techniques are 
employed to study the laser-induced structural response in two charge and orbitally 
ordered manganites. Optical data indicate a non-thermal nature of the laser-triggered 
phase transition via the disappearance of an optical phonon related to the charge and 
orbitally ordered phase. The x-ray diffraction measurements on superlattice reflections 
confirm the non-thermal time scale of the initial step of this phase transition but also 
show that the complete change of structural symmetry is not instantaneous. 

1 Introduction 
Transition metal oxides with a perovskite structure feature multifaceted phase diagrams due to their 
close interaction of charge, atomic order and spin. The high susceptibility to external stimuli, 
including temperature, magnetic or electric fields, chemical doping and photo-excitation [2-5] yields 
various ways of manipulating the macroscopic properties in these materials. The most prominent 
consequence of the close interplay of the different degrees of freedom in manganites is the colossal 
magnetoresistance effect [1]. The chemical composition La1-xCaxMnO3 (LCMO) is one of the most 
studied compounds and the Mn valence varies from truly 3+ in LaMnO3 to 4+ in CaMnO3 where the 
trivalent Mn ion shows a strong Jahn-Teller effect. For a charge carrier concentration of x > 0.5 the 
Jahn-Teller effect yields a distortion of the oxygen octahedra at the Mn3+ sites and establishes a 
superlattice along with a CE-type charge and orbital ordering (CO/OO) below the ordering 
temperature TCO [6]. Recent results on a CO/OO thin film of La0.42Ca0.58MnO3 using femtosecond x-
ray diffraction to probe directly the structural dynamics show that photo-excitation can induce an 
ultrafast non-thermal phase transition measured via the disappearance of a superlattice reflection [4]. 
Because the Curie temperature TC is optimized for x = 3/8 in LCMO the system La5/8-yPryCa3/8MnO3 
(LPCMO) is an ideal starting point for further investigations of chemical pressure ranging from 
La5/8Ca3/8MnO3 with a robust ferromagnetic metallic phase up to Pr5/8Ca3/8MnO3 where a CO 
insulating phase is observed [7]. Here, we present a study of the CO/OO phase and its behavior upon 
photo-excitation in a thin LCMO (x = 0.58) film and a single crystal of LPCMO (y = 3/8). 
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2 Experimental 
Optical reflectivity data were collected with a 2 kHz Ti:sapphire laser system delivering 50 fs pulses 
to an 800 nm single colour pump-probe setup with cross polarized pump and probe beams to 
eliminate interferences at time zero and to minimize pump scatter. The setup is equipped with a 
closed cycle refrigerator allowing temperatures from 5-300 K. A chopper (1 kHz) in the pump 
branch allows alternate sampling of the excited as well as the unexcited response of the sample. This 
way electronic drifts of the data collection system can be eliminated.  

Time resolved hard x-ray diffraction experiments are performed at the FEMTO slicing beamline 
at the Swiss Light Source that generates at a repetition rate of 2 kHz x-ray pulses of approximately 
140 fs duration with a flux of 2x105 photons/s in a 0.1% bandwidth at 5 keV [8]. A grazing 
incidence geometry allows matching the x-ray probe depth to the very short absorption lengths of the 
optical pump beam. The energy of the focused x-ray beam (250x10 µm2) is selected via a multilayer 
mirror with a bandwidth of 1.2% to either 7.1 keV in the LCMO experiment or 5.0 keV for the 
LPCMO experiment, respectively. The latter energy lies below the Mn K- and Pr L-edges thus 
minimizing fluorescence. The sample is excited with a weakly focused laser pulse at 1 kHz at a 
grazing angle of 10°. 

3 Results and Discussion 

Time resolved optical reflectivity transients are collected for both samples over a broad range of 
temperatures, 5-300 K, and excitation fluences ranging from 0.5 up to 14 mJ/cm2. The temperature 
dependences reproduce well the main findings of previously reported data recorded with high 
repetition rate lasers [10, 11]: A displacively excited coherent phonon with a period of ~2.0 THz in 
LCMO and ~2.5 THz in LPCMO, only present in the charge and orbitally ordered phase for T ≤ TCO 
≈ 210 K. There is, however, no sign of a threshold for the reported irreversible melting of the charge 
order above 20 µJ/cm2 in LCMO [10].  

Figure 1 shows excitation fluence dependent reflectivity changes at 140 K in LCMO and in 
LPCMO. For both samples the induced change in reflectivity and the coherent phonon amplitude 
increase linearly at low fluences. At higher fluences the reflectivity change saturates and the 
oscillations observed in the optical transient disappear at ~4 mJ/cm2 for LCMO and ~10 mJ/cm2 for 
LPCMO. Since the temperature dependence relates this phonon to the CO/OO phase this behaviour 
may suggest an immediate melting of the underlying ordered phase. Indeed in a recent paper the 
laser induced disappearance of an optical phonon has been interpreted as a direct consequence of an 
instantaneous change of structural symmetry [12]. 

X-ray diffraction directly probes the long range symmetry of a material. The charge and orbital 
order leads to a doubling of the unit cell and therefore to additional weak reflections. The intensity of 
these so called superlattice peaks are a measure of the lattice distortion and thus for the magnitude of 

 
Fig. 1. Measured reflectivity transients at 140 K for different laser fluences for (a) LCMO and (b) LPCMO. 

EPJ Web of Conferences

03002-p.2



XVIIIth International Conference on Ultrafast Phenomena 

the ordered phase. The time dependent intensity of superlattice reflections measured for both 
samples are shown in Figure 2. At low excitation fluences we observe the coherent optical Ag 
phonon also seen in the optical transients. At the pump fluences at which the oscillations vanish in 
the optical data the x-ray transients feature an immediate drop of roughly 80% for LCMO and 60% 
for LPCMO only limited by the experimental time resolution. At this fluence the complete 
disappearance of the superlattice peak and therefore a change of structural symmetry occurs on a 
slower picosecond time scale [4]. The slow decay after the initial drop observed at the highest 
fluence in Fig. 2b clearly hints to this slower component. The observed fast drop in superlattice peak 
intensity has been attributed to the collapse of the Jahn-Teller distortion at the Mn3+ sites following 
instantaneous disorder introduced in the orbital order by the laser excited intra-atomic Mn3+(d-d) 
transition. The partial survival of the SL peaks on a short time scale demonstrates that the change of 
symmetry does not happen instantaneously as the disappearance of the phonon might imply. 
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Fig. 2. Time dependences of the normalized diffracted intensity of a superlattice peak are shown for several 
fluences: (a) LCMO (5 -2 2/3 2) and (b) in LPCMO (-2 -1/2 0). 
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