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An ultrafast structural phase transition driven by photo-
induced melting of charge and orbital order

In the past decades many new materials with exmitctechnologically relevant properties
such as high-temperature-superconductivity, colassgnetoresistance and multiferroicity
have been discovered. These materials, often eefeiw as "strongly correlated electron
systems," exhibit strong coupling between electramd lattice energy subsystems resulting
in a delicate balance between opposing forces. Bgplrity doping and external stimuli such
as temperature, magnetic or electric fields candedvery large changes in their macroscopic
properties. The possibility to control these praipsrby irradiation with light has opened
opportunities to interrogate the underlying cottielas in the time-domain using ultrashort
optical laser pulsg4-3]. A crucial step, so far missing, is the unagulous deconvolution of
the electronic and structural response of thesepmasystems. Here we take advantage of
the structural information offered by femtosecormaldhx-ray diffraction to directly probe the
laser-induced structural response of a charge- angitally-ordered thin film of
Lag 4 La sdMNO;3 after excitation with an intense near-IR lasespul
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of theb axis. Although the forces which drive the phasadition are expected to derive from
the J-T effect at the M sites, the major structural component of the phi@sesition within
the unit cell can be described by a shift along ¢hestal a axis of the M# (with the
surrounding octahedralg@age) and of the La/Ca atomic positions.

The time-resolved diffraction experiments were perfed with a grazing incidence geometry
using 140 fs x-ray pulses provided by the SLS FEMagility [5]. At low excitation fluence
(see Figure 2) we observe the displacive excitatioa coherenf\y phonon consistent with
the results inferred from previous optical measwaetis [6]. Under high excitation conditions
we observe the sudden drop of a superlattice (&lgation that exists only in the charge- and
orbitally ordered phase. At the highest fluence $tereflection then completely vanishes
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order is partially disordered. Thisnon-SL (5-22) reflection, which during the phasmsition
disordering of the charge and orbitakhould increase by approximately 5%.

order will cause small changes in the
Coulomb field acting on the La/Ca sites which cadiide the small displacements observed.

References

[1] D. Polli et al. Nat. Mat.6, 643 (2007).

[2] M. Matsubareet al. Phys. Rev. Lett99, 207401 (2007).

[3] F. Schmittet al, Science321, 1649 (2008).

[4] E. E. Rodriguezt al. Phys. Rev. F1, 104430 (2005).

[5] P. Beauckt al. Phys. Rev. Let99, 174801(2007); S. L. Johnsoet al. Phys. Rev. Lett.
100, 155501 (2008).

[6] D. Lim et al. Phys. Rev. B'1, 134403 (2005).

Publications

* Anultrafast structural phasetransition driven by photo-induced melting of charge
and orbital order
P. Beaud,* S.L. Johnson, E. Vorobeva, U. Stauld. Be Souza, C.J. Milne, Q.X. Jia, G. Ingold
Phys. Rev. Lett. 103, 155702 (2009)
doi: 10.1103/PhysRevLett.103.155702

* To whom correspondence should be addressed. E-paail.beaud@psi.ch

SLS Research Highlight 2009



