Preprint EQU-1024(74)-87

f 4

Wkitnrpa SRS G b 5 L3521

tredULh dHhehuU3k PLUSPSNRS
EPEBAHCKMA ®OUIUMECKUNA UHCTUTYT
YEREVAN PHYSICS INSTITUTE

A.R.AVAKYAN,R.O.AVAKYAN,A.E.AVETISSYAN,
A.S.ARUTUNYAN,S.S.DANAGULYAN,S.P.TAROYAN,
C.YANG

ORIENTATIONAL DEPENDENCE OF HIGH ENERGY
ELECTRON MULTIPLE SCATTERING AT SMALL
ANGLES OF INCIDENCE TO CRYSTAL

LUHMUNaTromunpopm
EPEBAH — 1987



Vwpiuwinhy EG-1024(74)-87

z.ft. UMEG3UU, f.2. WU93DU, U.E. UMLShUSU,
U.U. HWUANRLSUY, U.%.RUPASUL, W.U. 2UPRWRSARUBUY, SUv Gh

AUPLLP ELEPHHTULLER LLLUSP AT, RUQTLUR SPUY ARANNRSTY
YU Ne3AhLC NP Uuk3Uu SUU B3NN LY, LEPRPUOUBSELNU

Wenwpijwd b puqluhh gpdwb wuljjwy puneijniunt Ynnplunpnadfui
Yuplwy Ynpdunwluwl Slaagnoncpl jory 4,5 k4 Eubpqpuwyny by blgepau-
wbph  wgdwuw) pyneplgh SwpBecf pecuubph /1107 uluedwla qugp
wli julu wwl vLpPwpsugduwyu nlgpnid:s Splwd L dopdép wbualuwl plWuwp-

Ynulp:
phwup whiqpljugh pusnpancy
vpawty LUO7
% IeHTPasbHER HaAYYHO-HCCAEACBATEABCKHIA HHIITHTVY HHOPMERNN

K TEXHHKO-3KOHOMMUYECKHX HICACAOBAHNH NO ATOMHOW Hayke
» texianke (IiHHHaTomundopm) (987 r.



Preprint BOW-1024(74)-8"7

teReAVARYAL, R.O.aVAKYAN, A.b.AVETISSYAN,
o8, ARUTUNYAIT, S.S.DAWAGULYARN, S5.FP.TAROYAl,
C.YANG

CRIBLTATIONAL DuPBNDBNCE O HIGH LIERGY
LLECTROK LULTIPLE SCATTERING AT Siull
AcGLES OF INCIDENCE TO CrRYSTal

Experimental investigation is carried out for the orienta-
tional dependence of the mean square of the multiple scatter-
ing angle at small incidence angles of 4.5 GeV electrons relu-
tive to crystallographic (110) planes of diamond. A theorctical

discussion of the experiment is reported.

Yerevarn Physics Institute

Yerevan 1987



(lpenpuHT HOU-I024(74)-87

AP ABAKSH, P.O.ABAKSH, A.3,ABETUCAH,
A.C.APYTIOIH, C.C.OAHATYVIFH, C.P.TAPOFH, fAH LM

OFMEHTAIMOHHAS SABMCYMOCTD MHOI'OKPATHOIO PACCEMMSL
JJEKTPOHOB BuCOKMX SHEPIVA TP MAMLX YTJAX BIETA
B KPUCTAJLI

[IpoBemeHO SKCIEPUMEHTANLHOE HCCJENOBaHue OpUEeHTAIMOHHOR
3aBHCHMOCTM CpeNHEro KBaJgpaTa yIJa MHOTOKPaTHOTO pACCesHWA IpHU
MAJIHX YIVIAX BJIETA 9JaEKTPOHOB ¢ sHeprueit 4,5 I'saB OoTHOCHTENLHO
Kpucramtorpadmueckux wiockocTe#f (I10) anmvasa. Jano TeopeTHuec-

K0e OOCYRICHME SKCIepUMEHTa.

Epepauckuit fu3ddeCKuit MHCTHTYT
Epepan 1987




At small incidence angles of the relativistic charged pari-
icles to a crystal relative to the crystallographic axis or
’lane, the particles simultaneously interact with large number
>f atoms of the axis or plane (coherent scattering). Sucn
interaction may be deécribed by continuous potential of the
axes or planes [1] . At the same time the particles multiply
jcatter on thermel oscillations of individusl atoms (incohercnt
scattering), this fina;ly 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. Larlier [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
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thickness £= 200 gm on the incidence angle relative to crys~
tallographic (110) planes. The layout of the experimental set-
up is shown in Fig.1. Jhen measuring the multiple scattering
angle, the deflecting magnet DM was switched off, the electrons
having passed through the crystal target were detected by the
array of gas proportional counters (GPC) and multiwire propor-
tional chambers (LPC). The trigger signal was formed by coin-
cidence of signals from the gas proporiional counters GPC-1
and GPC-3, and particle coordinates were cdetectea with the
propoxrtionel chkambers iI3'C-1 ¢ LIPC-5. Lote, that the WPC-1
practically detected a coordinate of electron interaction with
the target (T), and the electron trajectory after the inter-
action was restored with the WPC-2 ¢ LPC=5,

On the basis of the electron trajectories, the particle
distribution with respect to the emission angle was construct-
ed as well os th2 mean square scattering angle <:B{% was cal-
culated. The divergence of the primary electron beam was nearly
0.1 mred, i.e. of the order of the Lindhard critical angle 6 .

The experiment revealed a notable dependence of < 62>c upon
the crystul orientation (¥ig.2) which has a minimum at inci-
dence angles ©, of the order of €, . In our case (diamond,
= 200 ym) the value of Bz>c for all O, turned out to be
less than the analogous quantity < 622& in the case of amor-
phous matter. Such orientational dependence easrlier was re-
vealed in the investigation of photon angular distributiosn [4].

The orientational dependence we have found abpagently has
a simple explanation. The multiple incoherent scattering of.

the relativistic electron moving under & small angle relative
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;0 the crystallographic pianes essentiaily depends on eners

€, of its trengverce motion. The proportionaiity factor
tetween the mean square scattering angles 62% nna < 92 >a
refeorring to a sufficiently emall interval of path clso depends

“osrntiedly on €y
Q(Es) = <8%% /<0 (1)

The quantity N(€.) wupproximately is determined by the for-
mela [2] :

2
(€)= (€./Uo)2Bn | (1+(€2/Ua)?) /(i - (Ef Uo)¥2) |
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waere Uy is the vosertial well depth.

The juantiiy Q(S,,_) may be calculated more precisely oniy
numerically [2] . It is appreciably lesc than unity for the
partizle moving 2t *he top of the barrier ( €, = U, ).

The ratio QB(E,‘ of mean squares <62% /< ez)a for the

perticle hewm enl for the crystal of finise thickuness @ one

can obisin Ly Iutegcation:
g oo
rlg(e)=—(17:gde SC[ELF(EL,B)Q(EL), (3)
2 o

where F(€.,8) is the particle distribution function over
trancverse energy at penetration depth L.

Tie zaleulation of quantity qg(f) without accaunt of evo-
lution of F(€4,8) with depih shows its essential cricntas-
tioual dependence (Fig.2, curves 1, 2). This iu c-unented with
the fact thut et incidence angles O, 2 8, tr> oreion of

particles with € <K U, that undergo strong ircoherent
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scattering is negligible. With the depth of penetration into
a crystal the particle redistribution over transverse energy
must bring to an increase of the portion of particle: with

€, ~ U, » compared to that with €, < U, . This implies that
3 more correci calculation of "lg(E) with account of the

F(€;,E) evolution with depth must yield smaller values of

Qg(e) » preserving quelitatively orientational dependence.
The cealculation based on the solution of the Fokker-Planck
equation for F(€,,B) in the case of 4.5 GeV electrons incom-
ing parallel to the diamond (110) planes have shown that the
quantity |1S(E) indeed decreases with penetration depth. At

L = 200,Jm this quantity decreeses approximately by a factor
of 1.7 {3] , this giving a better asgreement of theory with

experimente.
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Fig.1. Experimental set-up.
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Fig.2. Depeudence of mean square multiple scattering angle

normalized by the mean square angle of multiple
scattering in disoriented crystal on electron
incidence angle relative t6 cerystallographic

(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 O, .
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