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Using scanning tunneling microscopy, we observe the damage trails produced by keV noble-gas ions

incident at glancing angles onto Pt(111). Surface vacancies and adatoms aligned along the ion trajectory

constitute the ion trails. Atomistic simulations reveal that these straight trails are produced by nuclear

(elastic) collisions with surface layer atoms during subsurface channeling of the projectiles. In a small

energy window around 5 keV, Xeþ ions create vacancy grooves that mark the ion trajectory with atomic

precision. The asymmetry of the adatom production on the two sides of the projectile path is traced back to

the asymmetry of the ion’s subsurface channel.
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The interaction of keV ion beams with surfaces has
encountered renewed interest recently due to their ability
to create regular dot and ripple patterns on the nanoscale
[1–3]. These regular patterns have a significant potential
for applications ranging from the modification of wetting
and optical reflectivity, via patterned adsorption to data
storage [4]. Evidently, the understanding of pattern forma-
tion requires a detailed, atomistic knowledge of single ion-
surface interaction, and, in particular, of damage formation
and healing.

Upon grazing incidence, highly regular ripple patterns
with ridges aligned with the ion beam direction evolve on
metals [5,6], oxides [7], and alkali halides [8]. It was soon
realized that for the formation and regularity of these
patterns subsurface channeling should be of decisive im-
portance [6,8]. In subsurface channeling the ion enters the
crystal under a small angle with respect to a low index
surface (and often a low index direction)—typically at an
ascending step—and then moves immediately below the
surface layer [9,10]. Like in bulk channeling [11–13], the
ion is then steered by atomic rows (or planes) along its
path, thereby preventing close encounters with atoms. The
ion energy loss per unit length is greatly diminished and its
range extended.

Here we show experiments that visualize for the first
time the trajectory of an ion performing subsurface chan-
neling. The channeling particle leaves behind a trail of
adatoms and surface vacancies which mark the ion trajec-
tory with atomic precision. Guided by the molecular dy-
namics (MD) simulations accompanying our experiments
we are even able to create a new type of nanostructure on
Pt(111) for Xeþ ions of appropriate energy: one- or two-
atom-wide continuous rows of vacancies, �50 nm long
and aligned along a high symmetry direction.

The ion trails of keV ions formed by nuclear (elastic)
energy loss are reminiscent of the ion tracks of swift heavy

MeV ions which result from electronic (inelastic) energy

loss [14]. However, instead of keV= �A for swift heavy ions,

only eV= �A are dissipated in the target by the channeling
keV ions. It has to be noted that previously surface images
of the impact points of ions with keV kinetic or potential
energy were obtained [15–17], but not of extended ion
trajectories.
Details of the interaction of grazing incidence ions with

surfaces such as the asymmetry of damage production, the
dependence of the ion trails on ion species, energy and
angle of incidence, the phenomena of cross channeling,
and the onset of subsurface channeling are now accessible
through direct experiments and can be analyzed with the
help of MD simulations as discussed here. We believe that
our findings are thus not only of fundamental interest but
also constitute a significant step towards a quantitative
understanding of pattern formation under grazing inci-
dence ion bombardment.
A clean Pt(111) surface was prepared according to stan-

dard procedures [6] in a variable temperature STM system
with base pressure<5� 10�11 mbar. At a grazing angle#
with respect to the surface normal ions are reflected off the
perfect surface (surface channeled) and leave no or only
negligible damage behind [6]. Therefore, we created large
hexagonal vacancy islands bounded by monatomic steps
prior to the single impact experiments [15]. The tempera-
ture T for the subsequent single impact experiments (flu-
ence 1:5� 1016 ions=m2, # ¼ 86� or 78.5�, incidence
along the ½1�10� azimuth) was as low as possible to prevent
diffusion of defects created—thereby enabling comparison
to MD simulations—but high enough to prevent adsorption
of the ions. For Arþ (Xeþ) we set T ¼ 62 K (T ¼ 115 K)
during ion exposure and quenched subsequently to 20 K
(105 K) for STM imaging. At 62 K only interstitials, at
115 K additionally single adatoms are mobile. Thus, after
Xeþ exposure the adatom features imaged are dimers or
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