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4 STUDY OF HIGH-ENERGY ELECTRQN MOTION THROUGH
' MONOCRYSTALS USING SECONDARY ELECTRON EMISSION
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 G.D.KOVALENKO and B.I.SHRAMENKO .
~ Institute of Physics & Technology, the Ukrainian
~ Academy of Sciences, Kharkov 310108, USSR :

) Absg%ct Decharmeling lengths of ultrarelativis-
" %1c electrons in a silicon crystal have been
v s measured. The dechanneling process has been studied
. . . by measuring the yilelds of a secondary high-energy
.. component of electron emission from crystals with
~..chemneled and random orientetions as functions of
a cr_‘g,_ata}lathidme'as. For 1200MeV electramns (the [11{
axis

F 8) the dechanneling length is foumd to be 39+4.m,
. end 28+5mm - for electrons channeled in the (17
plane, The analysis of the experimental data gave
.. the number of particles captured in axial chamnmel-
' ing to be ~14%, and about 24% for plﬁr chammeling
. at an initial beam divergence of 21

Key words: monocrystal, electrons, GeV-range
1-10 GeV, dechanneling )

yA ‘(R'veceived for Publication May 9, 1985)°

_* INTRODUCTION

Tt is known that electrons with an initial'momqntmn

. vector making an angle with the crystal axis or plane
- smaller than the critical angle of chamneling are cap-
: " tured into the channeling regimé". During motion the
' channeled particles may become dechammeled meinly due
- o scattering on atoms and electroms. The investigation
_ of secondary processes such as the scattering of pri-

‘mary particles and kmocking-out of secondary ones,

" allows ome to determine decharmeling lengths and the

- 'number of ‘channeled particles. :
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In this paper we report the first measured dechan-
neling lengths of ultrarelativistic electrons (the
thickness over which the number of chammeled particles
decreases by e times) and the obtained number of chan-
neled particles as a function of thickmess.

EXPERIMENTAL RESULTS

Previous studies of electron emission from monocrystals
2‘4’have shown that the yield of secondary high-energy
electrons (E >300 eV) depends on crystal orientation
and is determined by elastic collisions of initial elec-
trons with target electrons. The characteristic impact
parameter value is smaller than the. intératdmic distance
in the crystal. For our experiment we .have chosen silii-
con monocrystals cut out perpendicular to the [111]
crystal axis with thicknesses 8, 30, 80, 180, 250, 460
and 920 Do The procedure of second.ary emission measure-
ments from single crystals has been described in paper3 .

The dependence of high-energy elettron emission per
incident electron on the thickness of a single crystal
with random orientation at an initial electron energy
of 1200 MeV is shown in Fignre 1o & lea.sia-squares—-deter-
mined curve §(t) = 2.81072.1%¢% g dpewn ecross the
experimental points. The approx:lmtion factors are close
to the values predicted theoretieally in paphr 5.

The difference between emission y:i,elda from a crys-
tal with channeled and random orientat:lm. A(t), for
the (110) plane (see Figure 2a) and the [111] axis
(Figure 2b) grows exponentially until 4, with the
crystal thickness increasing until ~100 M.

As the crystal thickness increases in the range
where channeled particles exist, the total emission
yield grows, i.e., for each crystal thickness where
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there are channeled particles, the increase of A(t)

is contributed by these particles. The growth rate of
this contribution decreases with the thickness increase
because the fraction of channeled particles is reduced.,
At a certain crystal thickness where all the particles
have become decharmmeled, A(t) reaches its highest value
end remains constant with the thickness increase until
the secondary electron absorption is low.

DISCUSSION

Dechanneling Lengths ,
. We -assume that the dependence of the number of channeled
particles on a thickness has a form

ol (t)=cko- EXP(-t/2) , 1 ol
where &, is the number of particles captured in the
channeling regime, Ais the dechanneling length. Then
the yield difference for the crystal with channeled and
random orientations depends on the crystal thickness as

Alt)=Am:[1-EXP(-1/3)] (2)
The solid curves in Figure 2 show the approximation of
the experimental points by the least-squares technique
using this formula. The dechanneling length of 1200 MeV
electrons in the planar (110) channel of a silicon crys-
tal 1s 28 + 5 um which 1361n agreement with a theoreti-
cal value given in paper ~. The dechanneling length in
the [111] axial channel equals 39 + 4 pm. This value is.
close to a calculated value of 34 Is m. Thus, the experi-

mental results confirm the main statements of a theory
of dechanneling 7.

Rumber of Channeled Particles

The date presented here allow one to estimate the num-
ber of particles captured into the ‘erystal channel, .
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--The yield of a high-energy compopent of the elec-
S 'tron emission (B E ) from a random crystal cen be
' writtemn as

e _{4,- f.us E(5)-p(t-,E)-p )

where p is 'che uu.n electrdon density, t is the crystal
' _thk»ckneu X is proportional to the macroscopic cross
section for primary-particle scattering on the electroms
of the matter, E_ is the maximun energy of secondary

particles, M describes the absorption of the secondaries.

¥ In the deseription of the yleld of the high energy
component of the emission from the chamneled crystal
it is neceassary to make the substitution in Eq.(3):

P @) P +[4-thee @] P (4)

where (T ) 1s the number of channeled paz-ticles at
‘& depth T, ,; is the mean eiectron demsity in the
chaxmel. From Eqs2.(3) and (4) we obtain the difference

G vbbetween the yieldn from channsled and random crystals:

A= (g-@!dc%w} J-EZ(E))"&“' B )

,'Th‘ ioner integral in Eq.(3) is npl&ced by its average
-value in ths r‘um ‘'where d,ie non-zero, i.e., 1n the

0 ‘ftuahun renge 0 - 3R

< z.u-: E(E)(t-%.E)) = 2 S“""(w

Using Eq.(1) for the dependence of the mnber of chan-
' neled particles on the thiclkmess, we obtain Eq.(2) for .

£ the difference batween the yields of high energy

emission from the crystal with channeled and random
. “orientations, and in this.case

4,%:.‘%-5—_’-;—._83%‘_3."_)_.‘.

I ™ — "
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Using the Lindhard equation ' for the electron density
in an atom for a silicon crystal, we obtain
(R-P)/P=8 - the [111] axis and (P - P)/p = 1.5 - the
(110)plene.

Here we assumed that in the axial case the particles
are channeled in a tube with a radius equal to the
screening radius, while in the planar case, the par-
ticles are channeled in the plane with a width equal to
two screening radii. ;

It follows from the data obtained that the fraction
of the particles captured in axial chammeling is C.14
and that - in planar channeling is 0.24. The calcula-
tions of the number of particles captured in channellng
using the date of paper 8 for a beam divergence of
2¢10™% red give 0.12 for the [111] axis and 0.18 for
the (110)plane,which is in good agreement with experi-
ment.
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