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Summary: The work performed for this CRP included:

1. Experiments in the laboratories of the chief scientific investigator on energy dissipation and
molecular fragmentation in low energy molecule surface interactions [1,2,4,5,8].

2. Classical molecular dynamics simulations of low energy atom- and molecule-surface
interactions, including exploration of molecular vibrational and rotational excitation and
orientation and alignment effects [3,6].

3. Compilation of information from the literature on all known mechanisms leading to the
ejection of low energy molecular species from surfaces [7,9,10].

This programme has resulted in 9 publications in refereed scientific journals and 2 reports in
the NIFS-Data Series. Key results are provided in abstract form below.

Energy Dissipation & Molecular Fragmentation: This work has concentrated on obtaining a
detailed understanding of the influence of local 'heating' of the metal substrate electron gas by
fast moving molecular projectiles on the scattering and fragmentation distributions of such
species [1,2,4,5,8]. At keV projectile energies, transfer of translational energy to the substrate
via electron-hole pair excitation can be of the order of ~1 eV/A of the fast particle trajectory in
the surface region. The resulting 'hot electrons' are available to populate high lying projectile
resonance's, which can lead to vibrational heating and eventual dissociation. The mechanism is
particularly efficient under glancing incidence scattering conditions.

Molecular Dynamics Simulations: The rotational and vibrational distributions of fast diatomic
molecules scattered from uncorrugated surfaces under strongly dissipative glancing incidence
conditions have been calculated. The classical trajectory simulations include potential surface
switching associated with hot-electron scattering processes. Both ro-vibrational excitation and
strong alignment of the classical angular momentum vector in the surface plane ('cartwheel
motion') were observed, independent of the occurrence of potential surface switching. Ro-
vibrational excitation was strongly enhanced by transitions between potential surfaces. The
resultant larger proportion of molecules in highly rotationally excited states leads to a higher
fraction of cartwheel-aligned molecules in the scattered molecule ensemble. The molecules
which dissociate in the simulation were characterised by surface normal peaked internuclear
axis orientation distributions. This is in agreement with the results of recent experiments [2].
We observed in addition an enhanced rotational population of'topspin' oriented molecules,
which arose from differences in the surface parallel oriented friction forces acting on each
atom of the molecule. We have also carefully compared molecular dynamics (MD) and binary
collision approximation (BCA) scattering simulation codes for scattering of both light (He)
and heavy (Xe) projectiles from a heavy target surface (Cu(l 11)) under glancing incidence
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conditions [3]. We have demonstrated that use of the BCA leads to a wider range of scattering
angles and overestimates the elastic energy losses. Furthermore, the BCA overestimates the
importance of zig-zag trajectories in surface semi-channels.

Compilations: The mechanisms which may lead to the departure of molecular species from
surfaces exposed to low energy (0.1-100 eV) particle or photon and electron irradiation have
been reviewed in one invited article [7] and two research reports [9,10], all written in
collaboration with Dr. H. Tawara and aided by financial support for KJS by NIFS. The
processes which are likely to dominate under the conditions expected in gas-blanket type
fusion reactor divertors are identified. The influence of the nature of the surface on the flux,
ionised state, translational and internal energies of departing molecules are discussed.
Particular emphasis was given to recombinative desorption mechanisms (especially Eley-
Rideal) which have the potential to produce highly vibrationally excited molecular hydrogen.
Such information may help guide the choice of appropriate materials and operating
temperatures for plasma facing components of gas-blanket type divertors such as that recently
proposed for the International Thermonuclear Experimental Reactor (ITER).

Copies of all publications relevant to the CRP are enclosed.
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