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Abstract :

Laser-driven atomic clusters absorb a large fractb laser energy (nearly 90% in experiments) caegbdo traditional
solid/gaseous targets due to their solid-like atlemsity and smaller size of a few nano-meter coatptr the driving laser
wavelength (typically 800 nm). Various experimemntslaser-cluster interaction have demonstratedttteagfficient coupling
of the laser energy to cluster leads to the pradaif energetic KeV electrons, MeV ions, MeV neldr X-rays and highly
charged ions for rare-gas clusters which are nssipte by the laser field alone. Emission of fusieatrons due to the fusion
of deuterium ions from laserdriven deuterium cltsteas also shown importance. When the laser shicksster, atoms are
ionized and a nano-plasma is formed. Electronkémiano-plasma immediately respond to the laskr died may leave the
target by absorbing laser energy. It leaves behipiasma with a net positive charge which then Guoblexplodes, thus
eventually converting induced electrostatic fiah@rgies into ion kinetic energies. Coupling of lameergy to cluster electrons
can happen through collisional and collision-lesmpsses, namely, (i) linear resonance (LR) andiiffarmonic resonance
(AHR). This thesis considers only the above mentiocwlision-less processes. During the LR whichagfly requires long
laser pulses > 50 fs, Mie-plasma frequengy of the Coulomb expanding cluster meets the lasguEncy (om=0 ) and
many electrons collectively leave the cluster byaabing a good amount of laser energy. Howeveryéoy short infrared
laser pulses of duration < 20 fs, where ion baadkgdoremains almost frozen angh remains much abowve (over-dense
regime), LR process does not contribute and lasarpbion by electrons mainly happen by AHR whichussdn the transient
anharmonic potential of the charged cluster whesitipm-dependent frequen€y[r(t ) ] of each electron in the self-consistent
anharmonic potential of the cluster nano-plasmiafsggQ [r(t ) ] = ®. But collision-less absorption still remains toebdte.

In order to investigate the laser-cluster inteactnd to understand various resonance absorptimesses (LR and AHR)
in greater detail, a three-dimensional molecularasiyics (MD) code with soft-core Coulomb interactaimong the charge
particles has been developed and exhaustively besrdied with existing results. In the first problewe identify AHR
process as a universal dominant collision-less egisin of absorption in an over-dense cluster iatadi by a short laser
pulse. It is shown that the cluster electrons douting to efficient absorption pass through AHR,,iQ [r(t ) ] of electrons
in the self-consistent anharmonic potential trambfemeeto and become free. MD results are corroborated duarntfith a
simple rigid sphere model of the cluster where imderacting electrons in a predefined potentialttef spherical ion
background are driven by identical laser fieldsddD. In the second problem, we find the optinedime of laser wavelength
where the laser absorption, electron removal ardage charge states for a laser-driven clustemasémized for a given
intensity and pulse energy due to dynamical urtificaof possible resonances, i.e., (i) the LR inith¢he initial time of
plasma creation, (ii) the LR in the Coulomb expandihgse in the later time and (iii) AHR in the intexdiate time in a single
short laser pulse. It is shown that for a giverspwnergy and a cluster density, the efficient bogpf laser energy to cluster
does not happen at the commonly expected waveléngtif LR, but happens at a red-shifted wavelength fiea in the
marginally over-dense band afi=(1-1.5)Am depending upon the percentage of electron renfowal the cluster. Finally,
the dependency of laser absorption and the retl-ah#bsorption peak on different laser and clupmameters like peak
intensity, wavelength, pulse duration, laser paktion, cluster size, and cluster type are disclissgreater details.




