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Abstract:

Nanoscale electronic ordering of charges, orbitals and spins are commonly observed in strongly
correlated electron systems and they underlie important emergent material properties. Revealing
their dynamics across the phase transition is an important scientific challenge. The ultrabright
and ultrashort X-ray pulses produced by free electron laser and synchrotron light sources provide
new opportunities to probe the dynamic evolution of electronic orderings using laser pump,
ultrafast X-ray probe techniques. Here | will present our recent results on the dynamics of
antiferromagnetic spin order across the photo-induced phase transition in a colossal
magnetoresistance manganite Pro;CaosMnO3 using ultrafast time-resolved resonant soft X-ray
scattering spectroscopy. In the “melting” process, we observed two time scales associated with
electronic and lattice interactions respectively. The recovery process, however, shows exotic
behavior that cannot be explained by electronic or lattice driven mechanism. Instead, the recovery
of the spin ordering, measured over nearly 12 decades in time (70 ps to tens of seconds), exhibits a
stretched-exponential behavior that is a hallmark of glass-like systems. Moreover, a dimensional
crossover in the effective interaction from 1D at low pump fluence to 3D at high pump fluence is
observed, suggesting that the spin ordering and orbital ordering are transiently decoupled. A
microscopic picture consistent with all experimental observations is proposed and the role of spin
order in the phase transition will be discussed.
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