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The mechanisms by which material ablates from brittle solids can lead to removal of far more material than would be expected considering only the total energy deposition. The optical, thermal, and mechanical properties of the material,
together with the rate and mechanism of energy deposition, determine the material response.

In an absorptive material, the laser heats a small volume (several mm in diameter) in an otherwise cold material, leading to thermally induced stress. If the energy deposition rate is low compared to the thermal diffusion rate, the
response is elastic, i.e. the material expands but does not ablate. Depositing the energy on a time scale at which themmal expansion cannot be accommodated by elastic deformation leads to ablation via a thermal shock mechanism: shear
stress is induced by differential expansion, leading to cracking and spalling. If the substrate is an aggregate of inhomogeneous materials, such as concrete, the mechanism is enhanced by the fact that each phase has a different coefficient of
thermal expansion.

In a transparent substrate damage is dependent entirely on the development of damage networks after initiation at a chemical or physical defect. For example, fused silica with embedded 20 nm gold nanoparticles experiences severe
damage when irradiated at high fluence, but only after several tens of laser pulses. The amount of energy deposited in such a small particle is insufficient in itself to cause bulk damage, however as the site is repeatedly irradiated, the
physical nature of the defect changes and the substrate itself becomes absorptive. When the site reaches a threshold size, bulk damage occurs explosively. Again, the mechanism is differential thermal expansion on a fast time scale, but in
this case ablation is dependent on the development of a damage network started at a localized initiation site. The role of nanoparticles in laser damage is thus demonstrated.
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Conclusions
« Energy deposition rate and material optical, thermal, and mechanical properties control material response to laser energy.
« In absorptive materials, fast deposition leads to ablation, slow deposition leads to melting and vitrification. .
« In transparent materials, fast deposition leads to the initiation of a microscopic damage network that causes ablation only when it f'-'. "‘Ql Surface Chemistry
exceeds a certain size. ; H i
« Slow deposition can cause blistering, or can limit the damage to the immediate vicinity of the initiator. % J
« Material vaporization can lead to chemical segregation in ablation effluents. "'H,__.,.r'-r
Future directions:
« Extend absorptive materials work to natural, homogenous materials, such as granite. FWP 58600

« Investigate minimum defect size necessary to initiate damage in fused silica.
« Invesitage the effects of embedded nanoparticles such as ceria on fused silica damage thresholds.



