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It is shown that at planar channeling of negative particles
a considerable portion of the beam undergoes depressed multiple
scattering as compared to the case of nonoriented target. This

anomaly of multiple scattering is preserved up to large depths.
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Until presently the main attention in investigating the
channeling of negetive perticles was given to axial chamneling
and its comparigon to positive particles (see [1]). The spectrs
of radiation on channeling of relativistic electrons have also
been intensively investigated. iii the present paper we consgider
in detail the anomaly of multiple scattering of high energy
electrons (E > 100 MeV) at planar channeling. For this energy
the classical approximation is velid.

To describe the channeling of electrons we will ume the

parabolic approximetion for the potential
(\

U(y)=-U.(4-(9/4)) ()

where U, 1s the depth of the potential well, and 2€ =dp
is the spacing of lattice planes.
The probebility to find a particle in t’is or that region

of the transverse plane is given by the formula

_2dt . Jom dy
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where 84_ is the transverse motion energy counted from the
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edge of the well. The period of oscillation T is then defin-

ed by the formula

(3)

- M JUo * JEL+Uo
-_d..P\] Uo VBI"I( \flE_Ll )

where M 1is the perticle mass, 9 = 1, if £, > 0, ¥ = 0.5.
As 1ls seen, for the value of the transverse energy near

the edge of the potential well the period strongly increases.
In otner words, particles hang about the classicel turning
point just there where the density of nuclei ie the lowest. The
zroup of particles with small transverse energies rushes by the
region of the maximum density of nuclei at a maximum velocity.
Due to thermel osgcillations the nuclei are located near the
plane in the vicinity of the prder of the thermal oscillation
emplitude W, wnich is much smaller then the spacing of lat-
tice planes. The time spent by the channeled particles with
£; = 0 in this region decreases as comparea to the noncriented
target

— "»;‘UO/(SL*‘ Uo) N
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times. The beam of channeled particles may be divided inte twc
groups. The first group with smell | EL! undergces weak mul~ -
tiple scettering. Namely this group will be considered below.
e gecond group of sirongly bound electrons £y~ - Uo, on
she conirary, undergoes strong multiple scatiering on nuelel as
well as strong simple Rutherford scatiering which has been con-
sidered in detsil earlier (1].

Consider first the decrease in the mear sguare angle of




multiple scattering on nuclei.

Let XN:SG,E/J@i be the ratio of the mean square angle
of multiple scattering on nuclel in & crystal and in an amor-
phous target. The multiple scettering on nuclei is gpproximate-

ly proportional tc their local density. 4t this condition

: Ym
fe =2 [ AL (4)dW(y),
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where |, 1s the turning point, PN(U) is the nuclexr distri-

bution in ampi:tudes of thermal oscillations, 2 is the nuc-~

. \ . —1./{3 i -2
leus charge. i “fn184152 ~, L =C0n1194Z &

Fulyl= J;d;— exp (-y“ 2uq) (6)

3ince dp/Ll, > 1 , the integral (5) mey be calculated b;
the meithod of sieepesat descent provided He P Ly s l.e.
€, - U, , Then JN:ZL’&'(_ZL:‘-“ L./)—1 For the particlss in
the very bottom of the potential well with &£, = -U, . rfor
which Y, <U; , from (5} an o »‘\'f'i‘LIdP(\[éFu,(ZL"'I;'}qfnld
amplification of scattering on nuclsi is obtained as compared
to the amorphous target. To calculate the multiple scattering

on electrons, one should replace in (5) PN(H) by PeEdL"L’/ZLl
where “pe E(H) is the distribution of electrons in the irans-

verse plane, d=0,5 is the separation factor of the ioniza-

tion loss for contributions of short- and long-range collisions
[2]. This distribution may be obtained from the potential ac-
cording to Poisson's equation. For the parabolic potential it
is independent of H s i.e. in this approximation the mul-

tiple scattering on electrons remains unchanged.




Figure | piceocur3 the values of XEE anq Xs==5éf*-5N_'
Points denote the same values computed by the formula (5) using
Molier'!s potential at the chamnneling of electrons by the crysia’
plenes (110). As is seen, calculations by the formula (4) are
in a good agreement with the numerical calculation in the re-
gion of transverse energies for which suppression of scatter-
ing occurs.

Using the value &, at which the value of gg = Xer t In
becomes less than a unit, one may find the portion of the beam
of particles undergeing depressed multiple scattering. At a
aormal beam incidence on the crystel it is ~ 50%.

Let us estimate the approximate thickness of the crystal
till which this effect may occur. Let us use for & crude sgti-
mate the approximation of the monotonous increasse in the ~rans-
verse energy first proposed by Lindhard [2j. which is =zpproxi-
mately valid in the region of strong dependence of 55 gn tae
iransverse energy and gives the lower boundary of depth ax
which most particles from this region will arrive. Thia ror:on
covers approximately the range - 0.2 U,3&, ¢ 0.5Uy. The aoeci-

*i¢ thickness =t these assumptions is
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ta after each reflection from the plane at a given intiel
transverse momentum has been assumed to be Gaussian with e

mean square spread

aP; _ 2E
AZ ct

Us K ¥

We have later on performed integration with a distribu-
tion in the initial momenta of incident particles. By means of
the obtained distribution functions we have calculated for the
thickness L. the per cent of particles f with transverse
energies which undergo substantial depression of multiple scat-
toring (-0.3 Uy ¢ €, € 0.5 U,). The results obtained are plott-

ed in the table.

| Lpm) 0 2000 4000

500 1000

[AY]

48.9 30.3 3.7 1744

e T

L% 50 68.5
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Thus, up tc considerable thickness a noticeahrln —ar cens
of pariicies are observed that undergo depres:ssd muiri:. -
«ering. This effecy has been first noticed arpel-atly in the

sougriment 0o
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Values of [, (curve 1) and ¥s (curve 2). Points
denote the same values computed by the formula (5) at

the channeling of electrons by diamond planes (110).

The dotted line denotes the value of Xs

phous target.

for an amor-
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