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Adaptative control of self-organized microstructures 
 
The self-organization of micro- and nano-structures during crystal growth from a 
multicomponent melt is a complex free-boundary problem of nonlinear physics. During 
solidification, the propagating solid-liquid interface undergoes a nonequilibrium pattern 
formation dynamics, which is markedly history and boundary-condition dependent. In 
practice, partial control of the size and topology of the frozen-in solidification microstructures 
–this is a challenging task for engineers– can be empirically obtained under the effect of 
various types of global forcing, but the result generally remains unsatisfactory. It would thus 
be preferable to achieve a local control of the process. For that purpose, we use a device 
called "holographic optical tweezers”, which, when coupled with an optical microscope, 
allows one to focus in real time a numerically addressable arrangement of laser microspots on 
a thin sample. Local heating of the solid-liquid interface by partial absorption of light by the 
liquid imposes a calibrated perturbation on the scale of the repeat-unit of the solidification 
pattern itself. This povides an unparallelled means for studying in situ the space-time 
dynamics of solidification patterns in reference to theory and numerical simulations. This 
perturbative approach will be applied to 2D periodic « cellular » patterns (phase diffusion, 
oscillatory patterns, solitary waves). This should serve as a nucleus for a near-future 
collaborative science-in-microgravity project. 
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