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Metal nanoparticles embedded in dielectrics are promising candidates for ultrafast nonlinear optical materials, due to surface plasmon resonance (SPR) of the electrons confined. Spatial control of nanoparticle assembly is requisite for device applications. Ion-induced precipitation spontaneously occurs, more or less, under ion implantation, but cannot be well controlled.  In this paper, we study electronic-excitation effects of additional photons on nanoparticle precipitation in insulators and explore spatial controllability of nanoparticles.
Photons were irradiated into SiO2 or MgO.2.4(Al2O3), either sequentially or simultaneously with ion implantation. Ions of 60 keV Cu- or 3 MeV Cu+ and photons of YAG-SHG (532 nm) or –THG(355 nm) were used to study electronic excitation effects under ion implantation.  Optical absorption in a visible light range and nonlinear response at SPR were evaluated. Cross-sectional TEM was conducted to study the microstructures. 
Optical properties of nanocomposites changed with variation of photon energy and the total deposited energy. As for sequential photon irradiation of 532 nm, there occurred dissolution of Cu nanoparticles in 60 keV Cu--implanted SiO2 with increasing the pulse number, whereas precipitation of Cu atoms was enhanced by photons of 355 nm. The 532 nm-photons directly excite SPR of pre-existent nanoparticles and act as the nanoparticle eraser, whereas the 355 nm-photons excite defects or solute, leading to precipitation enhancement. On the other hand, simultaneous photon irradiation of 532 nm acts as precipitation enhancement in 3 MeV Cu+-implanted SiO2. Namely, the supersaturated specimens give rise to precipitation with the photon addition, even for 532-nm photons.  The spinel MgO.2.4(Al2O3), which does not show radiation-induced coarsening of nanoparticles, hardly enhances the precipitation by the photon addition, but annihilates dislocation loops. Systematic understandings of electronic excitation effects enable us to control nanoparticle assembly, either by erasing pre-existent nanoparticles or by drawing a nanoparticle array from the supersaturated solutes.
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