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The main crystallographic axes of Si crystal

The crystal lattice of Si is a face-centered cubic diamond-type lattice

Diamond, silicon, germanium, and gray tin have this type of crystal lattice.
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Regimes of charged-particle motion in the �eld of crystal atomic strings

a) axial channeling;

b) planar channeling;

c) stochastic scattering;

d) strongly above-barrier motion.
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Continuous atomic string potential
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Particle motion in crystal

Crystal potential
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exp(−r/R) then Φs(ρ) =
2Z|e|
d

K0(ρ/R),

so summation
∑

nUR (~ρ− ~ρn) couldn't be done analytically.

However, if we use Doyle-Terner approximation
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and summation could be done analytically
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Particle motion in crystal

Crystal potential

for Si 〈100〉 crystal axis
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where

ds � distance between neighboring crystal atomic strings,

θ3 (v|w) =

∞∑
n=−∞

exp(πiwn2) exp(2πivn) � Jacobi theta function of the third type
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Particle motion in crystal

Crystal potential

Si 〈100〉
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Particle motion in crystal

Crystal potential

Si 〈110〉 Si 〈111〉
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Planar channeling in a bent crystal

x

x

If the distance between particle and the center of crystal curvature is ρ(t) = R + x(t), where R is the radius of crystal
curvature, x(t)� R, then

d2x

dt2
= −c

2

E

∂

∂x
Ueff(x),

where E is particle energy,

Ueff(x) = U(x)− xE
R
.

Radius of curvature Rc, at which local minima of function Ueff(x) disappear is called the critical. If inter-planar potential is

Up(x) = Umax
x2

(d/2)2
,

where d is the distance between neighboring crystal atomic planes, then

Rc = d
E

4Umax
.
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Stochastic de�ection mechanism

x,y

x

Greenenko-Shul'ga criterion: l⊥
Rψc

L
Rψc

< 1

R is crystal curvature radius;

ψc =
√

4Z |qe| /(pvd) is critical angle of axial channeling;

Z |e| � charge of the nucleus of an atom of the crystal;

q � particle charge;

v è p � particle velocity and momenta;

d � distance between neighboring atoms in the string;

l⊥ � the mean free path of the particle between successive collisions with strings of atoms in a crystal;

L � the thickness of the crystal.
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Planar channeling in a bent crystal

Angular distribution of 270 GeV/c protons after passing through 5 mm Si crystal with radius of curvature 50 m.
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Stochastic de�ection mechanism

Angular distribution of 270 GeV/c protons after passing through 5 mm Si crystal with radius of curvature 50 m.

θiny = 0
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Close collisions probability

〈110〉 axis of Si and normalized probability of close collisions of protons in a bent crystal.
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Planar channeling in a bent crystal

Angular distribution of 270 GeV/c π−-mesons after passing through 5 mm Si crystal with radius of curvature 50 m.

θiny = 400 µrad
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Stochastic de�ection mechanism

Angular distribution of 270 GeV/c π−-mesons after passing through 5 mm Si crystal with radius of curvature 50 m.
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Close collisions probability

〈110〉 axis of Si and normalized probability of close collisions of π−-mesons in a bent crystal.
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THANK YOU FOR ATTENTION!
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