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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., 
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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 
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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 
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+ -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] 
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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. 
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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. 
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Double exposure of echo signals from F 19 in CaF2 

single crystal at temperature 0.38°K. The interval 
between pulses is 70 and 90 llsec; value of T 2 = 136 
llsec; crystal axis [111] II H0 • 

The 3370 Oe external magnetic field was suf­
ficiently homogeneous (of the order of 10-5 ) so 
that the conventional echo could not be observed. 

The amplitude of the echo signals is substan­
tially smaller than that of the free precession 
signal, since not all nuclei participate in the for­
mation of the echo but only those that lie in the 
field of the ion. The envelope of the echo ampli­
tudes has a Gaussian form and at 0.3°K the times 
T2 vary between 90 and 140 J-tSec, depending on 
the orientation of the crystal (largest value oc­
curs for [111] II H0 ). T2 decreases from 140 to 
70 J-!Sec at 4.2°K. 

The width of the echo signal, which character­
izes the local field, decreased from 30-40 G at 
0.3°K to 20-30 G at 4.2°K; no explicit anisotropy 
in the width was observed. 

THE rJ 0 MESON AND THE MASS DIFFER­
ENCE OF THE K~ AND K3 MESONS 

S. G. MATINYAN 

Institute of Physics, Academy of Sciences, 
Georgian S.S.R. 

Submitted to JETP editor May 8, 1963 

J. Exptl. Theoret. Phys. (U.S.S.R.) 45, 386-388 
(August, 1963) 

WHEN attempts are made to calculate theoret­
ically the magnitude and sign of the mass differ­
ence ~m for the K~ and K~ mesons, it is very 
important to know the value of the K-7T transition 
constant, which determines the additional mass 

The authors are grateful to U. Kh. Kopvillem 
who called their attention to the possibility of the 
phenomenon here studied. 
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~m(K~) of the K~ meson, along with the K~-37T 
transition and the K~-meson transitions to higher 
mass states [2]. To calculate the contribution of 
the one-pion diagram to the K~-meson mass, 
Bose [3] made the assumption that the non-lepton 
decay of the 1: hyp~on proceeds via its virtual 
dissociation into a K meson and a nucleon with 
subsequent K-7T transition. 

In the present note we wish to use for the esti­
mate of the K-7T transition another circumstance, 
which has been frequently discussed of late. We 
refer to the single pole mechanism of the 71°- and 
K-meson decay into three pions [.t-9] via a virtual 
pion. This mechanism is a specific consequence 
of the recently determined 11°-meson quantum 
numbers ( o- + ) and the known selection rule ~ T 
=% in K decay, which lead in both cases to a 


