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ABSTRACT 

A one-component one-dimensional (X-1 D) hydrodynamic model has been developed to 
describe the expansion of laser-generated plumes in ion sources. The model incorporates the 
conservation formalism of hydrodynamics, normal and plasma absorption mechanisms of 
laser-target coupling and the local thermal equilibrium condition for ionization. The consid- 
erable difficulties (non-linearities, shock waves) in finding the solution were overcome by 
using the Godunov algorithm. 

A comprehensive study of the model covered three different laser types (ruby, CO, and 
frequency-quadrupled Nd-YAG) and three classes of solid targets (metals, transparent 
insulators and opaque insulators). Density, velocity and temperature profiles across the 
expanding plume were evaluated at the end of the laser pulse, to yield crater depths, cloud 
extensions, ion yields, relative sensitivity factors and ion kinetic energy distributions, i.e. 
quantities more closely related to experimental data. 

Although calculated crater depths significantly exceeded the measured values, they show 
strong correlation with them. We found that the extension of the gas cloud varied with the 
laser power density according to a power law. A similar conclusion can be drawn from 
expansion velocity measurements (even providing exponents that are close in value). 

Calculated ion yield versus laser intensity curves show the typical threshold behaviour 
separating laser desorption and laser plasma ionization. In the plasma ionization mode the 
known uniform relative sensitivity factors were recovered. 

Ion kinetic energy distributions were investigated under typical laser desorption and laser 
plasma ionization conditions. The energy spectrum of the desorbed ions extended up to 1 eV, 
in good agreement with measured spectra. Laser plasma ionization provided ions with up to 
100 eV, therefore somewhat underestimating experimental values. 
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