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The explosion dynamics of a charged cluster (Coulomb explosion – CE) is of interest in connection with the discussed practical applications of the interaction effects between intense ultrashort laser pulses and a cluster gas or solid nanoobjects. A characteristic feature of cluster plasma is its ability to strongly (almost entirely) absorb laser radiation. This makes it possible to build high-brightness X-ray sources. Moreover, the expansion of clusters results in ion acceleration to high energies. In the case of deuteron clusters, ion–ion collisions produce fusion neutrons; this provides an opportunity to create subpicosecond neutron sources for use in materials science, defectoscopy, etc.

A consistent allowance for the spatial inhomogeneity of a charged cluster is the principal element of the CE theory that determines the formation of a CE collisionless “shock wave” [1-3], which does not emerge in the popular model of an ideal homogeneous cluster. Allowance for the nonuniformity of the cluster density profile is necessitated by a number of practically important problems. First of all, the cluster ion density distribution can be significantly nonuniform due to a laser prepulse with a typical duration of nanoseconds. So far, theory of CE of inhomogeneous charged cluster has being developed in the model of cold cluster  [1-3] that is insufficiently for many practical cases where a charged cluster can be preheated by a laser prepulse at the nanosecond time scale. In this report we extend approach [2,3] to accounting for finite initial ion temperature. By employing numerical (2V,1D) kinetic model we present results for symmetric solutions to the CE problem for different initial density profiles of ions. We have obtained the particle distribution function, mean velocity, density distribution, as well as the energy spectra for accelerated ions. We have showed that finite ion temperature strongly affects the multiple-flow regime of the CE. We have determined the critical temperature provoking smoothing of the density singularities.
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