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Using elemenitary principles of scattering in crys-
tals, a comprenensive theary is deduced for a new
phenomenon. now called channeling. When a swift
charged particle moves nearly parallel to an axis or
a plane of a crystal, there is conservation of energy
in the transverse motion. Within a critical angle,
there are strong dips in yield for close encounters of
gnergetic ions with atoms. The influence of the
strongly reduced multiple scattering is studied, as
well as various subsidiary effects. [The SCI* indi-
cates that this paper has been cited in more than
1,080 publications.]
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Thirty years ago, | was working on the
theory of collisions between energeticions
and atoms. In 1963, we published a paper
on range distributions of all heavy ions in
all substances.” It was a simple theory
with scaling properties of Thomas-Fermi
type, and it was in accord with experi-
ments. We observed, though, that in poly-
crystalline solids there were sometimes
strange tails in range distributions.

The following year, | was much occu-
pied with matters somewhat outside phys-
ics. | heard of some strange results for low
energy ions; and in the early summer of
1963, John A. Davies came to visit Aarhus
and | learned more about excess ranges.

| suddenly realized that this was not a
low-energy phenomenon, but a low-en-
ergy remnant of a high-energy phenom-
enon of great simplicity. It was of great
interest because of its vast practical appli-
cations (i.e., the determination of precise
locations of dopant atoms, of interstitials,
and of atoms in complicated crystals—in

the bulk of the crystal as well as at sur-
faces). The question of ranges was only of
secondary importance. The key was a ba-
sic “string effect” belonging to a collision
between an ion and a row of atoms (a
string). But the all-important point was
that although each collision with an atom
was a quantal perturbation, and the par-
ticle would pass through it with no shadow
effect, still the total effect was classical
motion in the smeared-out repulsive po-
tential of the atoms along the string with a
complete shadow at the center. | had ap-
proximate proof of this. Therefore, phe-
nomena like nuclear reactions could be
nearly extinguished for angles incident
with the string less than a simple critical
angle.

Very quickly, Karl Ove Nielsen, John A.
Davies, and Erik Bagh set up a most primi-
tive old-fashioned experiment using pro-
ton reactions in aluminum and silicon.
There were dips in yield by a factor of five,
with the expected angular width. We were
quite enthusiastic about it. Nielsen, who
was the prime mover of the experiment,
also forced me to publish quickly; withina
few weeks, two papers were published
together in Physics Letters.2?

There followed one year of hard but
exhilarating work before my Classicpaper
was finished. | tried to outline all of the
basic features of the theory, the approxi-
mate conservation laws, and the effect of
irreversibility. This laid a line for much
further experimental and theoretical work.*
Following the tradition inherited from Niels
Bohr, | published in the proceedings of
Det Kongelige Danske Videnskabernes
Selskab. The paperwas quickly translated
and published in the Russian journal
Uspekhi Fizicheskikh Nauk. We alsa
published a detailed quantum theoretical
treatment.’
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