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The spectra and orientation dependence of the positrons in a shower produced by a 700 MeV electron beam 
in a tungsten single crystal of thickness 1740pm have been measured. The results of a study of the scattering 
of a 1000 MeV electron beam in this single crystal are reported. It is observed that the periodicity of the 
structure of the target appreciably influences the spectral distributions of the positrons in a shower. 

PACS numbers: 61.80.Fe 

The interaction of electrons and positrons with thick 
single crystals, a s  well a s  with amorphous targets, 
leads to the production of an electromagnetic shower. 
While showers in amorphous targets have been studied 
rather completely both theoretically and experimentally 
(see for example Refs. 1-3), showers in single crystals 
have not been studied at all. At the same time studies 
of the elementary electromagnetic processes (scatter- 
ing, bremsstrahlung, annih i la t i~n)~-~  in thin single cry- 
stals have revealed appreciable orientation effects 
which can influence some characteristics of a shower 
in thick crystals. The lack of theoretical and experi- 
mental results and also the possibility of practical ap- 
plication of the results make it important to investigate 
showers in single crystals. 

The purpose of the present work is to study experi- 
mentally the effect of the crystal structure on the yield 
of positrons formed a s  the result of development of an 
electromagnetic shower in tungsten. The positrons can 
be channeled, and a maximum in the direction of the 
single-crystal axis will be observed in the angular dis- 
tribution of the positrons leaving the crystal. The width 
and intensity of thia maximum should depend to a great 
extent on the value of the critical channeling angle $, 
for relativistic particles, which according to Lindhard's 
theory7 is determined from the expression 

@.a (4ZeZ/Ed) %, 

where Z i s  the atomic number of the crystal, e is the 
charge of the electron, E is the positron energy, and d 
is the distance between atoms along a string. 

If the channeling effect i s  important, use of a single 
crystal a s  an electron-positron converter can lead to an 
increase in the conversion coefficient and can improve 
the emittance of the accelerated positron beam. 

The work was carried out in the electron linear ac- 
celerator at our institute. A diagram of the experiment 
is shown in Fig. 1. A beam of accelerated electrons 
with initial divergence -lo4 rad hit a target 1 mounted 

FIG. 1. 
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on a goniometer 2. The spectra and orientation depen- 
dence of the electrons and positrons of a given energy 
were measured by means of a magnetic spectrometer 3 
and an ionization chamber 4 in a solid angle -10" sr 
a t  zero angle with respect to the beam axis. The error  
in determination of the positron or electron energy did 
not exceed k2 MeV. The relative e r rors  in measure- 
ment of the electron or positron intensity did not ex- 
ceed 5% for a fixed particle energy. All curves were 
obtained in the continuous recording mode in a two- 
coordinate recording potentiometer. The experimen- 
tal technique has been described in more detail pre- 
v i o ~ s l ~ . 8 ~ ~  The targets were plates of single-crystal 
and amorphous tungsten of thickness 1740 pm (~0 .5  ra- 
diation length). The crystal was cut perpendicular to 
the (111) axis. It was feared that with this crystal 
thickness coherent effects would be greatly decreased 
a s  the result of multiple scattering and that it would not 
be possible to orient the crystal in the usual manner. 
However, collimation of the bremsstrahlung in a solid 
angle -lo-' sr permitted reliable orientation of the cry- 
stal (Fig. 2a) (9 is the angle between the beam axis and 
the [ I l l ]  axis of the crystal). 

In Fig. 2b (curve 1) we have shown the orientation de- 
pendence of the yield of 40-MeV positrons from the in- 
vestigated crystal at an incident-electron energy E ,  
=700 MeV. The shape of the curve favors the idea 
suggested above that the shower positrons a re  chan- 
neled; however, this same shape of the dependence of 
the yield of 40-MeV electrons (curve 2) and the depen- 
dence of the yield of 600-MeV positrons on the angle 9 
(Fig. 2c) indicate that the channeling effect i s  unimpor- 

N. rel. units 
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tant or is suppressed by other effects. The increase in 
the yield of positrons and electrons at small crystal- 
orientation angles is apparently due to coherent brems- 
strahlung of the electron beam. 

In Fig. 3 we have shown the spectra of shower posi- 
trons at orientation angles 9 =0 (curve 1) and 9 =0.1 
rad (curve 2) at an incident-electron energy E,  = 700 
MeV. The spectrum of positrons from the amorphous 
target coincides with curve 2 within experimental error.  

The rapid drop in positron yield a t  energies below 
-150 MeV can be partially explained by the rapid re- 
moval of these particles from a given solid angle a s  the 
result of the increase of their initial angular distribu- 
tion and multiple scattering in the target. A similar 
result was obtained by Grishaev et a1." The observed 
difference in the spectra for the two crystal orientations 
cannot be explained just by the occurrence of coherent 
bremsstrahlung, which increases the contribution of 
low-energy photons. The decrease of the yield of high- 
energy positrons at 9 =0 in this solid angle may be the 
consequence of anomalously high scattering of the beam 
by a string of atoms: To clarify this question we mea- 
sured the spectra of electrons which had passed through 
the crystal(Fig. 4) at orientation angles 9 =0 (curve I), 
9=33 mrad (curve 2), and 9=66 mrad (curve 3). The 
electron beam energy was E, = 1000 MeV. Analysis of 
the results shows that the contribution of electron scat- 
tering by strings of atoms may be significant. This i s  
confirmed also by the family of orientation dependences 
(Fig. 5) of the yield of secondary electrons with ener- 
gies 1000, 900, 800, 700, 600, 500 MeV (respectively 
curves 1 2, 3, 4, 5, and 6) from the single crystal. 

Thus, on the basis of the experimental results we can 
conclude that the target structure appreciably affects 
the development of the shower and, in particular, the 
positron yield. 

In conclusion the authors express their gratitude to 
I. A. Grishaev, B. I. Shramenko, and V. L. Morokhov- 
skir for their interest in this work and for helpful dis- 
cussion of the results; we are  also grateful to G. L. 
Bochek and V. I. Vit'ko for assistance in making the 
measurements. 
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