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This BES-supported program studies fundamental physical mechanisms underlying laser ablation processes. Ablation is a process in which a high-powered pulsed laser beam interacts with a solid sample, producing vapor and leaving a small crater at the sample surface.  Fundamental issues addressed are elucidation of ablation mechanisms; primarily, electron emission, mass ablation rate (amount of mass ablated versus laser pulses) and stoichiometric ablation (chemical composition of the ablated mass vapor compared to the original sample material).  Mass spectroscopy, emission spectroscopy and imaging are all utilized to study ablation processes; the data from these studies are related to proposed fundamental models.  The research emphasizes laser ablation at atmospheric pressure because of a significant number of applications of importance to the DOE. The BES research has helped push the development of laser ablation for chemical analysis applications – using a laser to sample and characterize chemical contamination or impurities.

Laser ablation has been demonstrated as a powerful technology for direct solid sample chemical analysis, for synthesizing new materials (e.g. nanomaterials, catalysts, specialized sensor material), and for micromachining. These technological areas are of critical importance to DOE counter terrorism efforts. Laser ablation can identify picogram and femtogram levels of explosive and nuclear constituents within micron-sized samples (for example, particles collected on clothes or hair).  Remote, stand-off characterization is possible for some applications. Rapid response chemical characterization is a highlight capability of laser ablation for chemical analysis. Also, many new sensors for airborne and/or aqueous monitoring will be based on nanomaterials and nanostructures in devices. Laser ablation is an ideal technology to fabricate new nanomaterials sensor compounds.

