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Axial Channeling at Low Energies: Thin structure of
quantum states and electomagnetic radiation
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It is well known [1-2] that the particle trajectory in a axial symmetric potential U(r), is defined by two-
dimensional equation of motion with effective potential Ueff(r)=U(r) + Mz2/2mr2, where m is the particle
mass and Mz is its conserved angular momentum. The transversal movement of electrons or positrons in
axial channeling mode must be considered in quantum approach based on the Schrödinger equation, but with
the realistic averaged atomic axis potentials this problem can be solved only by numerical calculations. In
this report we propose a less strict but more easy-to-interpret approach, permitting to analytically consider
the quantum characteristics of transversal motion of particles in axial channeling based on Bohr quantization
conditions [2]: dUeff(r)/dr =0; Mz= ħn (n = 1, 2, 3,…), where ħ - is the Plank constant. We propose to use
a convenient for analytical consideration and quite realistic model potentials for axial channeling parabolic
Ue(r) = U0 (2r/d)2 (for positrons) or anti-parabolic Ue(r) = -U0 (1-2r/d)2 (for electrons) with effective depth U0
= kEB , where d equals to the lattice constant, EB= 13,6 eV is the Bohr energy and k is a dimensionless constant
( k ≥2), depending on the type and orientation of the crystal and calculated by means of optimal approxima-
tion to numerically calculated realistic potential [3-7] in its effective area. It is shown that at nonrelativistic
energies the number of the allowed quantum states for electrons and positrons is limited. For example, in Si,
there may be 1-2 states for electrons and 3-4 for positrons. The resonance criterion for capturing of particles
into channeling regime in case when the transversal momentum of incident particle is equal to ħ•n (n = 1,
2,…) is introduced. The effect may be detected by observing the increased optical radiation yield at the certain
discrete frequencies, corresponding to the distances between the transverse motion energy levels.
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Summary
An easy-to-interpret approach, permitting to analytically consider the quantum characteristics of transversal
motion of particles in axial channeling based on Bohr quantization conditions is proposed. The resonance
criterion for capturing of particles into channeling regime is introduced.
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