Atomic Cluster Expansion

The expansion of the nanoplasma is driven by two pressures, the Coulomb pressure arising from repulsion
between ions following a charge build-up Qe on the cluster of radius r:

See formula (5) [TD69.pdf, page 313]

and the hydrodynamic pressure from the hot electrons (one can think of the hot electrons expand outwards,
dragging the ions with them):

See formula (6) [TD69.pdf, page 313]

where k is the Boltzmann constant and T, the electron temperature. The Q/r* scaling of P, shows that it will be
important for small clusters or for low Z clusters where the electrons are not confined and Q can become large.
The hydrodynamic pressure scales as r’ (since n, ~ volume™), so is therefore more important for larger clusters.
The internal pressure driving the cluster apart can be huge. For realistic nanoplasma conditions (n, = 10 cm?,
kT, = 1 keV), the hydrodynamic pressure, P, %" 100 Mbar. It is hardly surprising that the end result is an
explosion of the nanoplasma that gives rise to a shrapnel of high energy ions and electrons. The cluster
expansion rate is calculated in the model by equating the rate of change of the cluster kinetic energy
(proportional to the total pressure P, + P,) with the rate at which work is done by the plasma in its expansion
[41]. At any stage in the interaction the model allows the relative significance of the Coulomb and hydrodynamic
pressures to be compared. Simulations shows that 'P, dominates over P, for Ar, Kr and Xe clusters greater than
r' > 2 nm. [TD69.pdf page 313-314]
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