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Clusters target have many advantages over solid and gaseous target. In between these two extreme, clusters offer the advantage of a volume penetration of the laser at a rather high density and gives rise to a strong coupling of laser energy to the particles, much stronger than is seen with isolated atoms or molecules [1]. At the initial stage of interaction when the cluster density is high and the electron temperature is low the heating is caused by inverse bremsstrahlung. To calculate the cluster heating the collisional absorption of laser energy in cluster is considered in nanoplasma model [2]. However electron temperature growth and cluster expansion lead to the suppression of the inverse bremsstrahlung and collisionless heating becomes dominated. Contrary to the collisional heating when the laser energy is directly absorbed by the collisions in cluster plasma, collisionless heating means that part of the laser energy is converted to the energy of the cluster plasma oscillations. The motivation of the work is to study the resonant collisionless heating in expanding cluster and analyze the transition from collisional to collisionless regime.

Transition between collisional regime of heating during intense laser-cluster interaction and collisionless one is studied. We identify, describe and analyze two new collisionless heating mechanisms. When a hot cluster expands a transient matching between the plasma frequency and the laser frequency has been predicted, observed and analyzed recently. The associate energy transfer to the electron through the plasmon resonant oscillation has been described as an enhanced collisional absorption. However for hot plasmas the collision frequency is small and a collisionless

resonant heating is more efficient. We set up and solve the problem of resonant collisionless and collisional heating of an expanding cluster. Moreover we identify a new efficient autoresonant mechanism with a chirped laser pulse when the crossing between the plasmon frequency and the laser frequency is degenerate and the time derivative of these two frequencies are equal at the crossing time. The theory of this degenerate case is developed and its potential for autoresonant heating assessed.
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