


















22 Chapter 2. Crystal channeling basics

Fig. 2.11. Beam distribution (expressed in arbitrary units) at crystal exit as a function of the horizontal
kick given in the crystal ( x-axis) and the crystal orientation ( y-axis). 1 and 6 : Amorphous zone, 2 :
Channeling, 3 : Dechanneling, 4 : Volume re�ection, 5 : Volume capture [16 ].

Liebfried [21], Lindhard [22] and Erginsoy [23]. This concept, along with a comprehen-
sive view of the rest of the theory, was published in 1965 [11] in a paper that became the
basis for most of the subsequent work. That paper also contains the �rst description of
the dechanneling process, based on the diffusion theory and the notion of dechanneling
length. In the following years, strong anisotropic effects were discovered for positive ions
in crystals of silicon and germanium [24] and protons in tungsten [25]. In the seventies,
investigations at high energies began [26] and, with them, the application of channel-
ing to the steering of beams. That novel use of bent crystals was proposed by Tsyganov
in 1976 [27] and observed few years later [28, 29]. Beam extraction through crystals
was later investigated at IHEP [30], CERN [31] and Fermilab [32] where a beam extrac-
tion ef�ciency of 20-30% was reached. This showed that using crystals to steer particle
beams was viable. The picture of coherent effects in crystals was completed when an ex-
periment conducted at PNPI with 1 GeV/c2 protons showed that those particles can also
be captured between the planes [33] and �nally, in 1987, when Taratin and Vorobiev
predicted through simulations the volume re�ection mechanism [34] which was, shortly
after, con�rmed experimentally.

In 1990, a beam extraction experiment was put into place at the CERN SPS [35]
resulting in extraction of protons (up to 270 GeV/c) and lead ions at 106 GeV/c per
nucleon [36] and paving the way for a future crystal extraction scheme. More recently,
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