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A detailed knowledge of the short-range tip-sample interactions is the key ingredient for the
understanding of the experimental topographical and damping images obtained with the
Noncontact Atomic Force Microscope. An accurate determination of these forces as a
function of the tip-sample distance requires the use of quantum mechanical ab initio
simulations, that are very time consuming in the case of large reconstructions of
semiconductor surfaces like the Si(111)-7x7. Moreover, understanding the recent
mechanical manipulation experiments on this same surface [1] demands a dynamical study
of those interactions that can only be done by long molecular dynamics simulations at the
same ab initio level. Hybrid methods, that combine quantum mechanical modeling on the
relevant small area with a classical force-field description of the rest of the system are a
natural tool to tackle these problems: The area where quantum accuracy is needed
corresponds to the tip apex and the corresponding contact area in the surface, while the
elastic response of the rest of the tip and sample can be properly modeled at the classical
level. Our simulations employ the recently developed Learning-On-The-Fly (LOTF) scheme
[2], where ab initio forces are used to continuously update the empirical potentials assigned
to the atoms in the critical regions. Using these approach we perform different lateral scans
and approach curves on different positions of the Si(111)-7x7 unit cell in order to
understand (1) the contrast between different adatoms observed in the topographical and
damping images and (2) The atomistic mechanism behind the vertical manipulation of
adatoms with the NCAFM.
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