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3-D Simulations on Coulomb Explosions of Hydrogen Atomic
Clusters Irradiated by an Intense Femtosecond Laser Pulse

XIA Yong, LIU Jian-sheng, NI Guo-quan, XU Zhi-zhan

(Laboratory for High Intensity Optics, Shanghai Institute of Optics
and Fine Mechanics, The Chinese Academy of Sciences, Shanghai 201800, China)

Abstract Using classic particle dynamics simulations, the interaction process between an intense femtosecond laser
pulse (10 ~10' W/cm?) and icosahedral hydrogen atomic clusters His, Hss » Hiz and Hype has been studied. The
expansion process of the clusters during and after laser irradiation has been examined, showing that the expansion of
clusters is isotropic. The expansion scale R(#)/R(0) decreases with the increasing cluster size. This conclusion
means that if the cluster size becomes larger, the process of expansion and explosion becomes slower. It is revealed
that with an increase in the number of atoms in the cluster, the kinetic energy of ions generated in the Coulomb
explosion of the ionized hydrogen clusters increases. Because of the symmetrical shell structure of the icosahedron,
the distribution of the ionic kinetic energy features some pinnacles. It is also found that the calculated maximal
kinetic energy E,.x of the produced ions from Coulomb explosion of H, clusters is roughly proportional to the square
of the original cluster size. If laser intensity I increases, the maximal kinetic energy E,.. of the produced ions also
increases. But after I reaches a certain value I,, the maximal kinetic energy E,.. of the produced ions no longer
increases, i.e. , it will be saturated. The reason is that the atoms in the cluster have been fully ionized, so the
increase of laser intensity I doesn't change the ionized state of the atoms in the cluster. It is concluded that with an
increase in the cluster size, the kinetic energies of the produced ions and the laser saturation intensity increase too.
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Fig.1 Four snapshots of a 147-atom hydrogen cluster at
different times in the laser field with a peak

intensity of 1. 4X10' W/cm?
Tons are shown as the large dark particles, and

the electrons are shown as the small diamond particles
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Fig. 2 Expanding process of the clusters during the
laser pulse
at t =0 the laser intensity is at the peak. Irradiation parameters;
laser intensity 1. 4 X 10 W/cm?; wavelength 814 nm; pulse
width At =25 fs
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Fig. 3 Kinetic energy distributions of the producted

ions from Coulomb explosion
Irradiation parameters; laser intensity 1.4 X101 W/cm?;

wavelength 814 nm; pulse width At =25 fs
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Fig. 4 Calculated maximal kinetic energy E,.. of the ions

from Coulomb explosion of H, clusters as a
function of the square of the cluster size

Irradiation parameters; laser intensity 1.4 X101 W/cm?;

wavelength 814 nm; pulse width At =25 fs
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