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The multiple scattering of high energy electrons passing

through monocrystals in the ease of planar channeling is in -

vestigated. It is shown that particles moving near the top

of the potential barrier undergo depressed multiple scattering.

This displays in the angular distribution of passing electrons.

Radiation spectra are calculated taking into account this ef-

fect. A comparison of the theory with the experiment shows a

good agreement.
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1. Introduction

The radiation of relativiatic channel:d particle3 is of

great interest due to ite high intensity und directivity (eee

e.g. Heffi]). At present, the radiation nf channeled positrons

is investigated in detail both experimentally [2, i] and theore-

tically [4,5j. Account of particle multiple scattering at th€

crystal atoms during radiation intensity calculation in real

crystal is of great importance. This esneciaily refers to th<

case of chanaeled electrons. However, the calculations of elec-

tron radiation spectra up to now are carried out either with-

out consideration of multiple scattering [б] or with model dis-

tribution of the electron beam [7].

In the present paper we investigate the passage and radia-

tion of electrons at planar channeling by using a realistic

a ton? potential and the solution of the kinetic equation.

2. Multiple Scattering

As is known, charged particles when passing through matter,

as a result of their collision with electrons end nuclei, un-

dergo multiple scattering. Consider first the dependence of

mean square angle <£i9e>of multiple scattering on transverse

energy E.̂  of electron in the crystal. <ДчЭ
с
 > is a sum of

<ДТ&
е
>„ and <Ai3

r

c

8
>
e
g determined by the scattering on nuclei



and crystal electrons, respectively. <д#
с
> is approximately

proportional to the local density of nuclei. In this approxi-

mation the ratio of <Л17
С
>

П
 to mean square angle <4l9"

a
>of mul-

tiple scattering in an amorphous medium is equal to

vhere ^ ^ is the maximal distance between the particle and the

plane, E is the nucleus charge number L
 =
 Cn 184-,152 ,

t!' - in i194z" are the radiation logarithms [8],dW(x)

is the probability to find a ;>*->rticle at a distance X from

the plane:

N/ГЕ dx

о (х) i3 the nuclei distribution with account of thermal os-

dilation of atoms

Here E is the particle energy, T is the oscillation period,

С is the light velocity, U(x) is the averaged planar poten-

tial, dip is the spacing of the lattice planes, U
t
 is the

mean square amplitude of the thermal vibrations.

Uince dp>>U
1
 the integral (1) may be calculated by the

method of steepest descent provided X
m
 » U

1
 . In the

case of parabolic approximation for the channel potential [9j

one can obtain



where £ x is counted from the bottom of the potential well, Uo

is the depth of the well. For the particles in the very botton

of the potential well (Б
А
*0) for which X

m
« U , we get from

(1) that multiple scattering in crystal is

times as great as that in an amorphous medium.

To calculate the <A&
c
>

e
^ one may replace in (1) P

o
(x)

by p
ee
(x)atti'/zL' where j?

f
(x) is the electron density distri-

bution in the transverse plane at « 0.5 is a separation fac-

tor of the ionization loss for contributions of short- and lon^

range collisions ClOJ. The distribution $
г
Л*) may be obtained

from the potential according to Poisson's equation. For para-

bolic potential it is independent of X , i.e. in this approxi-

mation the multiple scattering on crystal electrons is the

same as in an amorphous medium.

The calculation of Y as a function of transverse energy

is carried out for general conditions by numerical integration

of formula (1) by using Holler's averaged potential U(x)ln (2).

The value of У
в
р-<4Я?

e
 >,/<&"&

а
> *

s
 calculated analogous-

iy.

Pig. 1 presents dependence of fe and %
B
 - Jf

ee
 + %

n
 on

transverse energy £. . Analogous curve for V calculated

in the parabolic appioximation of the potential is adduced for

comparison.

One can see the essential dependence of У. on transverse

energy. Using the calculated values of X one may obtain the

particle distribution function F(€x,6) in transverse ener-



gies for a crystal thickness I from the kinetic equation [11]

where

Tne nngular brackets denote the averaging over an oscil-

lation period T

0

Using the distribution function F(£x?6^ one may get the ve-

locity mean square components lTx
Z(f) and 1[!г

(£) , respectively

perpendicular and parrellel to channeling plane, for the thick-

ness

(7)

Fig. 2 presents the dependence of Ox = lTx (£У/С <Au a /j a n c i

б у = г/ 3

г(еус г<Дг?а> е on thickness I where

9

ia the radiation length).



At small thickness the dispersion Ц,
г
(6) is associated with

the particle scattering at averaged potential U(x). The value

of U"/(6) for the thickness more than 150jum is less than that

for an amorphous medium. This result is qualitativly confor-

med experimentally [12].

3. Radiation Spectra

tie have calculated the radiation spectra for various va-

.ues of particle transverse energy [б] using Molier's averaged

potential by a well-known formula of electromagnetics

where

For channeled particles

j
a
 = 4-T"

1
 ^эшСЯкСх) + 6к)в1п(в

к
(х) •*• S

K
) v;

1
 dx

о

for above-barrier particles ,
 y

i
Here

Л
к (
х,. _ ^
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(£> ie the radiation frequency. 0 and Jf are polar and aei«u-

chal angles of radiation, Ко is a minimal integer satisfying the

Inequality
г

Fig. 3 presents the theoretical radiation spectra for some

typical values of particle transverse energy. The averaged

radiation spectra of electrons are calculated using the dis-

tribution function FC^i-j^,) • Pig.4 illustrates radiation

spectra of 4.5 GeV electrons channeled in (110) planes of a

100 мт thick diamond. Initial beam divergence (5.10 red) is

taken into account. This figure shows a good agreement of cal-

culations with experiment [13]. Calculation using approximate

distribution function [7] gives larger contribution of high-

energetic photons. Since comparatively low-energetic photons

are generated by particles with transverse energy close to the

potential barrier top (see fig.3). one can expect from the com-

parison of theory and experiment [13] that such particles are

of grater part in the experiment [13].

The calculation is also compared with the experiment on

silicon for 7 GeV electrons. The ratio of radiation intensi-

ties In crystal and in amorphous matter in this case is illus-

trated in Pig.5. Spectrum for amorphous matter is calculated

by Bethe-Heitler formula. As is seen, theoretical spectra for

silicon are also in good agreement with the experiment.

Thus in conclusion we can say that multiple scattering of

channeling particles, which strongly differs from the scatter-

ing in amorphous matter, when correctly taken into account,may

give a good quantitative egrc" :u -.vser theory and experi-

ment. In this case an essential difference in angular distri-

bution of electrons passing t.-.:~- ̂h the crystal in a regime of

planar channeling and amorphous matter also texts place.
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Fig.1 Dependence of £. (solid curve 1) and %?t (
aolid curve 2)

on transverse energy £A (in units of U o ) of electrons

with total energy E=4.5 GeV channeled in diamond planes

(110), calculated by means of Molier's potential. The

dependence of # calculated in parabolic potential approx-

imation using formula (4) is adduced for comparison. In

the case of nonoriented crystal ^9 •! (dotted line).



50 юо 150 гоо

Fig.2 Dependence of 6* (curve 1) and 6
y
 (curve 2) on penetra -

tion thickness I for electrons with total energy E-4.5

GeV channeled in planes (110) of diamond. In non'oriented

crystal 6
X
= 6 =1 (dotted line).
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Pig.3 Radiation spectra for some typical values of transverse

energy. Curves 1-3 correspond to channeled electrons

£ 1 (/U 0 = 0.2; 0.5; 0.85; curves 4 and 5 - to overbarier

electrons: £j./U0= i.1? 2.
6

tt>dw

Jj'ig.4 Averaged radiation spectra of electrons with E=4.5 Getf

channeled in planes (110) of lOOjum thick diamond.Initia?

beam divergence is 5.1O"5rad. Dotted curve corresponds

to theoretical calculation [7]. Points correspond to ex-

perimental data [13].

II



Pig.5 The ratio of averaged radiation spectra of electrons

with E * 7 GeV channeled in (110) planes of lOOpm thick

silicon to analogous spectra in amorphous matter. Points

correspond to experimental data [14]*
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