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Experimental investigation is carried out for the orienta-

tional dependence of the mean square of the multiple scatter-

ing angle at amall incidence angles of 4.5 GeV electrons rela-

tive to crystallographic (110) planes of diamond. A theoretical

discussion of the experiment is reported.
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At small incidence angles of the relativistic charged part-

icles to a crystal relative to the crystallographic axis or

plane, the particles simultaneously interact with large number

jf atoms of the axis or plane (coherent scattering). Such

Interaction may be described by continuous potential of the

axes or planes [1] .At the same time the particles multiply

acatter on thermal oscillations of individual atoms (incoherent

scattering), this finally leading to an increase in the mean

3quare angle of particle motion relative to the initial direc-

tion and respectively in mono ionous broadening of the beam as

the latter penetrates into the crystal о Earlier [2,3] > it was

theoretically shown a possibility of suppression of the inco-

herent multiple scattering of electrons at planar channeling

and quasi-channeling in crystals compared to the amorphous

matter case.

In the present work we report the results of experimental

3tudy of the dependence of mean square angle of multiple

scattering of 4.5 GeV electrons in a diamond crystal with a



thickness 8» 200jum on the incidence angle relative to crys-

tallographic (110) planes. The layout of the experimental set-

up is shown in Fig.1. .Vhon measuring the multiple scattering

angle, the deflecting rcagnet DM was switched off, the electrons

having passed through the crystal target were detected by the

array of gas proportional counters (GPC) and raultiwire propor-

tional chambers (ЫРС). The trigger signal was formed by coin-

cidence of signals from the gas proportional counters GPC-1

juid GPC-3, and particle coordinates were detected with the

proportional chambers I.U
J
C-1 *• I.1PC-5. Hote, that the MPC-1

practically detected a coordinate of electron interaction with

the target (T), and the electron trajectory after the inter-

action was restored with the lviPC-2 *• ЫРС-5»

On the basis of the electron trajectories, the particle

distribution with respect to the emission angle was construct-

ed as well as the mean square scattering angle < 6 ^ was cal-

culated. The divergence of the primary electron beam was nearly

0.1 mrad, i.e. of the order of the Lindhard critical angle 6
L
 *

The experiment revealed a notable dependence of < 0 ^ upon

the crystal orientation (Tig.2) which has a minimum at inci-

dence angles 9
0
 of the order of 0j, • In our case (diamond,

£ = 200jum) the value of < 9 >e for all 80 turned out to be

less than the analogous quantity < 02> in the счзе of amor-

phous matter. Such orientational dependence earlier was re-

vealed in the investigation of photon angular distribution [4].

The orientational dependence we have found apparently has

a simple explanation. The multiple incoherent scattering of.

the relativiatic electron moving under a small angle relative



;o the crystallograph!с pxanes essentially depends on energy

в х of i t s transverse motion. The proportionality factor

between the mean square scattering angles < 0 > trnd < 0 ^

r-'-ferring to a sufficiently small interval of path а1зо depends

•;.. •;:•r. t.i id i y o n £j_ ;

гце,)-<ег>с/<ег>а. со

Thu quantity i(£x) approximately is determined by the for-

mula [2j :

2

where Uo .is the noter t ial well depth.

The quantity ^(Si) n-ay be calculated nore precisely only

numerically [2] . It is appreciably lasc than unity for the

particle moving ?.t the top of the barrier ( £j, K Uo ) .

The ratio !"(•(£/ of raean squares <92^ / < в ^ for the

particle boam ciii for the crystal of f inite thicknes,*» P one

can obtain by .'r.ts^ration:

.vhere F(^6t)6) is the particle distribution 'unction over

trancv-.-rso energy at penetration depth t .

Tr,e -j-.lcultition of quantity r\ (6) v/ithout account of evo-

lution of F(£j.,2) with гЗчр-fch shows Из essential crienta-

tio:ial aependence (Pig.2, curve3 1, 2). This ia o-r.nor-.ted with

the fnct tirxt «t incidence angles 60 ^ Qj, th> . •jr'-ion of

particles with £ X « U O that undergo 3trong incoherent



scattering is negligible. With the depth of penetration into

a crystal the particle redistribution over transverse energy

roust bring to an increase of the portion of particle 1 with

£
х
» и

о
 , compared to that with 6j. < Uo • This implies that

a. more correct calculation of Цо(Е) with account of the

evolution with depth must yield smaller values of

П (6) > Preserving qualitatively orientational dependence.

The calculation based on the solution of the Fokker-Planck

equation for F(e
x
,8) in the case of 4.5 GeV electrons incom-

ing parallel to the diamond (110) planes have shown that the

quantity П»(6) indeed decreases with penetration depth. At

I - 200д|га this quantity decreases approximately by a factor

of 1.7 [3] » this giving a better agreement of theory with

experiment.
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Pig.1. Experimental set-up.
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Dependence of mean square multiple scattering angle

normalized by the mean square angle of multiple

scattering in disoriented crystal on electron

incidence angle relative to crystallographic «

(110) planes of diamond. Full circles - the

experiment; curve 1 - the calculation by formula (3).

without account of the beam initial divergence;

curve 2 - initial divergence was dj, .
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