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We consider some features of motion and radiation of relativistic electrons in thin crystals at small values of the
particle angle of incidence on the crystal relative to a crystallographic axis when the channeling effect takes place.
The main attention is paid to peculiarities of radiation spectral characteristics for the particles which move in
different modes, such as: over-barrier motion, axial channeling, planar channeling. It was shown that for small
values of the incidence particle angle the positions of maxima of the radiation spectra for the above-barrier and
channeling modes differ. This is due to the difference in the character of motion of particles in these modes.

PACS: 34.80.Bm

The phenomenon of channeling, when the charged
particles move inside a crystal along the channels
formed by parallel atomic strings or planes, was
predicted by Robins and Oen [1] in the 1960s. Since
then, the interest to studying the influence of this
phenomenon on physical processes during the passage
of charged particles through crystals has not waned.

In the present paper we would like to pay attention
to another interesting effect associated with
manifestation of channeling of relativistic electrons in
the spectral properties of their radiation in a crystal,
which takes place in radiation by channeled particles
and by above-barrier particles.

Since the probability of particle capture into the
channeling mode decreases with the increase of the
angle v of particle incidence on the crystal relative to a
crystallographic axis, we will first consider the
influence of channeling on radiation spectral
characteristics for the particle incidence angle y=0,
when this influence is the most pronounced.

The consideration is based on the numerical
simulation of relativistic electron scattering process in
the crystal, taking into account both coherent and
incoherent effects in scattering associated with thermal
spread of atomic positions in the crystal lattice [2].

When relativistic electrons move in a crystal at small
angles relative to a crystallographic axis, a certain part
of these particles move in the channeling mode.

As an example, in Fig. 1 we present the dependence
of fraction of channeled electrons with the energy of
1 GeV in the case of their motion in a Si crystal of
100 pm thickness near <100> axis for the angle y=0 of
the particle incidence on the crystal.

From the simulation results it follows that despite
the fact that the particles entered the crystal at y=0, due
to rechanneling, the particles captured into the planar
channeling mode may appear.

The obtained results show that the part of axially
channeled electrons decreases with the increase of their
path in the crystal, while the part of planar channeled
electrons does not decrease with the increase of their
path, remaining quite low.

Let us now proceed to the study of influence of
channeling on some aspects of the spectral properties of
radiation by relativistic electrons in the crystal. The
consideration is carried out on the basis of numerical
simulation of radiation by relativistic electrons in a
crystal [3]. Calculations of the electron radiation spectra
were carried out separately for above-barrier and
channeled particles. A conventional calculation for all
the particles together has been performed as well.

It should be noted that at y=0 the contribution to
radiation by the planar channeled particles is very small
due to a little fraction of such particles, as well as due to
a weaker potential in the plane.

The results of simulation of radiation by electrons
with 200 MeV and 1 GeV energies moving near <100>
axis of a 100 um Si crystal and having the angle of
incidence on the crystal y=0, are presented in Fig. 2. A
separation of the spectra from above-barrier (or without
channeling) and channeled particles is performed.

The obtained results show that in the considered
case the channeled particles make a significant
contribution to the radiation, which leads to a change in
the position of the spectrum maximum. Note that the
positions of the maxima of the spectra for the above-
barrier and channeled particles differ. It is due to the
fact that values of the oscillation periods of trajectories
for these groups of particles are different.

For channeled particles the period of oscillations of
their trajectories is determined by the average value of
the period of their rotation around the axis (at
€=200 MeV — 0.138 pm, at e=1 GeV — 0.39 pm), while
for the above-barrier particles it is determined by the
average distance between different atoms strings of the
crystal L,, defined by the formula:

L=2R/y. ,

where R is the radius of the atomic string; v, is the
critical angle of axial channeling. For above-barrier
particles at €200 MeV L,=0.222 um, while at e=1 GeV
L,=0.5 um.
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As the crystal thickness decreases, the relative
contribution of channeled particles to radiation increases
accordingly. This is shown in Fig. 3.

In this case, the contribution of channeled particle
spectrum (blue lines) exceeds the contribution of above-
barrier particle spectrum (green lines).

Let us now consider how the contribution of
channeled particles in the crystal changes the radiation
with the increase of the angle of particle incidence on
the oriented crystal. The increase of y leads to the
decrease of the part of axially channeled electrons in the
crystal, while the part of planar channeled particles, on
the contrary, increases due to rechanneling. Such
redistribution of the channeled particle ratios affects the
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character of the channeled particle spectra. This is
shown in Fig. 4.

The results of numerical simulation of radiation by
1 GeV electrons moving near <100> axis of 100 pm Si
crystal and having the angles of incidence on the crystal
y=ly, and y=2y., are presented in Fig. 5. The
separation of spectra for above-barrier and channeled
particles is performed.

These results also show that for angles y greater
than v, the contribution of channeled particles to the
radiation does not lead to a significant change in the
position of the maximum of the radiation spectrum.
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Fig. 1. Dependence of the fraction of 1 GeV electrons which move in the modes of axial (a) and planar (b)
channeling on the depth of their penetration into the Si crystal with the axial orientation relative to the incident
particle beam

Y Y

8 "Trrs Si <100> 100 mk
% 140 E=200 MeV
_A’IQO" Y=0 y,
é Moo | ‘/._,\without channeling
= 2 )<channeling '
\
40 BH e —

(=]
n
&t
(=2

8 10
n(MeV)
a

§ 500F Si <100> 100 mk

j 7 without ™S E=1GeV

—E 400 channeling, \‘\ P=0
0 II '\._ -

5 300 / \_\

£ channeling, T
200} \ ity O,
100} /\

.......... s OO e .
g 30 35

Fig. 2. Radiation spectra for electrons with the energy =200 MeV (a) and ¢=1 GeV (b) moving in a 100 um Si
crystal, impinging at angle w =0 to <100> axis; here are the total spectrum (red), spectrum for above-barrier
particles (green) and spectrum for channeled particles (blue). Solid lines are simulation results, dashed lines are the

Bethe-Heitler spectra; L is the target thickness, n is the atomic density, o, = Z?e°m™
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Fig. 3. The same as in Fig. 2, but for e=1 GeV
in a Si crystal of 10 um thickness
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Fig. 4. The same as in Fig. 2, but for e=7 GeV in 100 um Si crystal at w=1y. (a) and w=2y. (b); solid lines - the
spectrum of axially channeled particles, dashed-dot lines - the spectrum of planar channeled particles
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Fig. 5. The same as in Fig. 2, but for e=7 GeV in 100 um Si crystal at =1y, (a) and y=2y, (b)

CONCLUSIONS

On the basis of numerical simulation of relativistic
electron radiation in thin oriented crystals, we
considered the spectral properties of radiation at small
values of the particle incidence angle y on the crystal
relative to a crystallographic axis, when the channeling
effect occurs.

The main attention was focused on the radiation
spectra of particles with different modes of motion in
the crystal, particularly, for above-barrier and
channelling modes.

It was shown that for small values of \ the positions
of maxima of the radiation spectra for the above-barrier
and channeling modes differ. This is due to the
difference in the character of motion of particles in
these modes.
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BILJIMB SIBUILA KAHAJTIOBAHHSA EJJEKTPOHIB BUCOKUX EHEPTTI
HA CHEKTPAJIBHI BTACTUBOCTI IXHHOI'O BUITIPOMIHIOBAHHSI B KPUCTAJII

B.1. Tpymenso

Po3risHyTO 0COOMMBOCTI pyXy Ta BHIPOMIHIOBAHHS PENATHBICTCHKHX €JIEKTPOHIB Y TOHKHX KpHCTaNax NpH
MaJMX 3HAYeHHAX KyTa BIHOTY YAaCTHHOK Yy KPHCTAJ IO BiHONIEHHIO 0 KpUCTajorpadidHoi oCi, KOJIM Ma€ MicIe
edext kaHamroBaHH;I. OCHOBHA yBara 3BepTa€ThCsl HA OCOOIMBOCTI CIEKTPaJIbHUX XapaKTePUCTHK BUIIPOMIHIOBAHHS
YaCTHHOK, PyX SKHX BiJOyBAa€TbCs y pI3HUX PEXKHUMax, TAaKUX 5K HaxOap'epHU pyX, pyX IIpH OCHOBOMY
KaHaJIIOBaHHI, pyX IpHY IUIOIIMHHOMY KaHairoBaHHi. [TokazaHo, 10 NpU MaJKMX 3HAYEHHAX KyTa BIbOTY YaCTHHOK Y
KPHCTAaJ 110 BiJIHOIIEHHIO JIO KPHUCTAJIO0rpadidHoi OCi MOJ0KEHHS MakCHUMYMIB y CIEKTpax BHIIPOMIHIOBAHHS NPH
Han0ap'epHOMY PEXHMI Ta KaHAJIOBaHHI BiJpi3HAIOTHCSA. lLle TOB'SI3aHO 3 PI3HUIEIO XapakTepy pyXy TaKHX

YaCTHUHOK.
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