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spectra of the created A hyperons can be recon­
ciled by making more detailed assumptions con­
cerning the cross section of the 7rK interaction. 
This is due to the fact that the cross section uf7r 
does not enter in the expression for du<2>jdp 
under the integral sign (see the analogous for­
mula (4) in [4J). Since the contribution of the 
cross section u~> is the basic one, the summary 
momentum spectrum of the A hyperons turns out 
to be quite sensitive to the energy dependence of 
the 7rK-interaction cross section. 

In order for the theoretical spectrum to have a 
second maximum that agrees with experiment, it 
is necessary to assume that there is resonant 7rK 
interaction in the energy interval 0.6-1.2 BeV. 
This corresponds precisely t<;> the resonances of 
M and K observed in many investigations 2> near 
0.73 and 0.89 BeV. If u~Efs/uf7r"' 10-20, then 
theory and experiment are in good agreement. 

Estimates of the contribution of multimeson 
intermediate states, carried out in the resonance 
approximation (more on this approximation in [9J), 
have shown that within the accuracy limits of mod­
ern experimental data it is possible to neglect the 
contribution of multi-meson states. 

The "double hump" spectrum of ~ hyperons 
is similarly explained. 

The second maximum in the recoil-nucleon 
spectrum can be attributed to resonant 7!"7!" inter­
action. In this case the predominant collisions at 
high energies are 7rN collisions, described by 
means of a diagram in which the pions are pro­
duced only in the upper node. This deduction 
agrees with the results which we obtained pre­
viously [4] by a somewhat different method. 

1linstitute of Nuclear Physics in Bucharest. 
2llf the beam of initial negative pions is sufficiently mono· 

energetic, it is possible to determine in this manner the en· 
ergy dependence of a-;'K in the region of both resonances. 

1 Belyakov, Wang, Veksler, et al, Proc. 11th 
Intern. Conf. on High-energy Physics, CERN, 
1962, p. 252. 

2 Bartke, Dudde, Cooper, et al, Nuovo cimento 
24, 876 (1962). 

3 K. Lanius, op. citPJ, p. 617. 
4 Barashenkov, Blokhintsev, Wang, Mihul, Huang, 

and Hu, JETP 42, 217 (1962), Soviet Phys. JETP 
15, 154 (1962). 

5 D. I. Blokhintzev and Wang Yung-chang, Nucl. 
Phys. 22, 410 (1961). 

6 L. F. Detouef, Proc. Aix-en-Provence Intern. 
Conf. on Element. Particles, 1961, p. 57. 

7 G. A. Snow, op. cit.CtJ, p. 795. 

8 V. S. Barashenkov and I. Patera, Preprint, 
Joint Inst. Nuc. Res., R-1163, 1062. 

9 L. D. Solov'ev and Chen Ts'ung-mo, JETP 
42, 526 (1962), Soviet Phys. JETP 15, 369 (1962). 

Translated by J. G. Adashko 
65 

CONCERNING ONE REACTION WITH 
COLLIDING ELECTRON BEAMS 

V. D. MIKHAILOV 

Moscow Institute of Physics and Engineering 

Submitted to JETP editor May 4, 1963 

J. Exptl. Theoret. Phys. (U.S.S.R.) 45, 383-385 
(August, 1963) 

ExPERIMENTS with colliding electron beams 
have recently been widely discussed in the litera­
ture. Several experiments are already being pre­
pared in a number of laboratories. The colliding 
beam technique also uncovers new experimental 
possibilities for J.L-meson physics. Thus, it has 
been proposed[t] to use colliding electron and 
positron beams to investigate J.L-meson pair pro­
duction in electron and the positron annihilation: 
e+ + e-- J.L+ + J.L-. This process can be used to 
determine the form factor of the J.L meson, the 
radiative corrections, and to solve other problems 
concerning the J.L meson. 

However, it is technically much more difficult 
to obtain colliding electron-positron beams than 
electron-electron beams, and although the cross 
section for J.L-meson pair production in electron 
scattering on electrons (usc ) at relatively low 
energies is much smaller than the cross section 
for the J.L pair production in electron-positron 
annihilation ( uan ), the latter decreases with in­
creasing energy while Usc increases. However, 
usc increases more slowly for large angles 
( ..... 1r /2) (see below) and also at high energies, 
where usc is of the order of uan. In the range 
of large angles ( ..... rr/2), which is most interest­
ing for the experiments with colliding beams, we 
have nevertheless uan >usc· With increasing en­
ergy, the range of angles for which uan >Usc de­
creases. It is therefore interesting to determine 
quantitatively for which energies and at what 
angles the cross section for J.L-meson pair pro-
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duction in electron-electron beams becomes 
greater than the cross section for J..L-meson pair 
production in electron-positron beams. If such 
energies and angles were experimentally attain­
able, we would have a convenient method for an 
experiment with electron-electron beams. 

The estimate given below has been made both 
for the integral and differential cross sections, 
using the Weizsacker-Williams method. For the 
integral cross section for the e- + e+- e- + e+ + JJ.+ 
+ JJ.- reaction we have, in the c.m.s., 

,~ 28 r~ 2 m• ( E )3 
a sc ~ 27 n a -fl. In m . 

where n = c = 1, m is the electron mass, J..l is 
the JJ.-meson mass, r 0 is the classical electron 
radius, Cl' = t;137, and E is the energy of the in­
cident electron in the rest system of the other 
electron ( E = 2E~ms /m ). The differential cross 
section at small angles is 

d 2 2 2£2 4 
C5 sc .,._, a. r o m2 ( ems) 

dQ ~ 12n• fi2 In !1' ' 

where 8 is the angle of the JJ. meson in the c.m.s. 
The range of the angles under consideration de­

creases with the energy. However, in the experi­
ments using colliding beams, small angles are for 
technical reasons completely uninteresting, and for 
large angles we obtain 

dcr sc 2ct2r~ m• [ B (~) J 
{[Q = 1t2 fi2 A(~)+ 1 _ <p• ; 

2£~ms 
~=-.' f1 

B (~) = -h In3 ~ + (0.4In 2- 0.6) In2 ~ + ( l.2In 2 -In2 2) In~ 

+ -h ln3 2- 0.6ln2 2. 

In the limit of very high energies ( ln {3 ~ 6 ) we 
obtain a simpler expression 

dcr sc __ 2ct2r~ m• (I 2£~ms)3 [__!_ __!_ _1_] 
dQ ~ n2 f12 n f12 16 + 15 1 - <p2 • 

Let us compare this with the differential cross 
section for the J..L-meson pair production in elec­
tron-positron annihilation, which, as is well known, 
is given by the equation [1] 

dcr an_ r~m2 }I E~ms f12 ( ~ __j_ E~ms f12 
2 ) 

dQ - 16 .£a I + £2 , £2 cos e . 
ems ems ems 

From the comparison it follows in particular that, 
for an electron energy Ecms,..., 1.5-2 BeV, CTsc is 
greater than the annihilation cross section for 
practically all angles. The change from CTan > CTsc 

to CTsc > CTan occurs approximately at ,..., 1.2 BeV 
in the c.m.s., and even at energies only a little 
lower than the critical value there is a large range 
of angles near 8 = 1r/2 in which CTan > CTsc• as can 
be seen from the expression for the cross section 
and the figure. 

The author would like to thank I. L. Rozental' 
for suggesting the problem and discussion. 
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IN conventional experiments on spin echo the sig­
nal is due to the reversible merging of individual 
magnetic moments due to inhomogeneities in the 
external magnetic field. It is not possible to make 
use of the inhomogeneities of the internal local 
field due to neighboring nuclei, because the sec­
ond ( 180°) pulse simultaneously changes the di­
rection of the nuclear magnetization as well as 
of the local field. [ 1] Such an echo has been ob­
served [2] in ferromagnetic substances, in which 
the local field is due to electrons. 

We have observed spin echo of F 19 nuclei in 
the inhomogeneous field of the paramagnetic ions 
Gd3+, present in the form of an impurity with con­
centration ,..., 0.01% in the single-crystal CaF2 

under study. The effect was absent at room and 
at liquid nitrogen temperatures and was easily 
observable at 4.2°K and below. 


