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the interval 0 - 90°, relative to the direction of 
the projection of the initial momentum of the #J.+ 
mesons, is 1.19. This corresponds to a coefficient 
A= -0.22 ± 0.03 in the expression (1 +A cos-It) 
for the distribution of spatial angles. 

As mentioned above, the measured coefficient 
A is not equal to the coefficient a of Eq. (1). If 
one denotes by 'Y the degree of quenching of the 
#).+ mesons at the instant of decay, then A= ax 
( 1 - y). Assuming, as Chadwick et al.4 do, no dis­
orientation of #J.+ mesons in hydrogen, and using 
for the determination of 'Y ( C3H8 ) the data of Swan­
son et al., 5 we find y(C 3H8 ) = 0.33 ± 0.10; hence 
a = 0.33 ± 0.06 and 71. = 0.99 ± 0.18. The analo­
gous value of 71. found by Chadwick et al. from 
the data in G-5 emulsions equals 0.85 ± 0.18. 

We take this opportunity to express our grati­
tude to Professor V. P. Dzhelepov for making it 
possible for us to perform this experiment at the 
synchrocyclotron. 

1L.D. Landau,J .Exptl. Theoret. Phys. (U.S.S.R.) 
32, 407 ( 1957), Soviet Phys. JETP 5, 337 ( 1957). 

2 T. D. Lee and C. N. Yang, Phys. Rev. 105, 
1671 ( 1957). 

3Kotenko, Popov, and Kuznetsov, ITpnoopM n 
TexHnKa aKcrrepnMeHTa (Instruments and Measure­
ment Engineering) 1, 36 (1957). 

4 G. B. Chadwick, S. A. Durrani, et al., Phil. 
Mag. 2, 684 (1957). 

5 R. A. Swanson, N. P. Campbell, et al., Bull. 
Am. Phys. Soc. Ser. II 2, 205 ( 1957). 

Translated by A. Bincer 
50 

ENERGY DEPENDENCE OF ANGULAR 
CORRELATION IN J.L-- e- DECAY 

Iu. M. IVANOV and V. G. KffiiLLOV-UGRIUMOV 

Moscow Engineering-Physics Institute 

Submitted to JETP editor October 28, 1957 

J. Exptl. Theoret. Phys. (U.S.S.R.) 34, 255-256 
(January, 1958) 

AccORDING to the two-component neutrino the 
ory1•2 the angular asymmetry in the #).-e decay 
depends strongly on the electron energy. If € 

stands for the ratio of the electron energy to the 
maximum energy in the #).-e decay, then the an­
gular distribution is described by the function 

dN = N (a+ bt..cos &) dsd cos&, (1) 

where -It is the angle between the momentum di­
rection of the decay electron and the #).-meson 
spin; 71. is a theoretical parameter; 

a= 2s2 (3- 2s); b = 2s2 (2s- 1). 

Several authors, in particular Vaisenberg and 
Smirnitskii3•4 have analyzed the angular distribu­
tion of positrons of various energies in the 11'+-

#J. + -e+ decay and found an increase with energy 
of the "backward-forward" asymmetry. We have 
studied the angular correlation in the decay of neg­
ative #). mesons, which decayed in an emulsion. 

A stack of NIKFI-R photoemulsion 10 em in di­
ameter and 400 #). thick was irradiated by a nega­
tive #J. -meson beam from the synchrocyclotron of 
the Joint Institute for Nuclear Research. The #).­

mesons were formed from the decay of 350-Mev 
11'- mesons and were then separated from other 
particles by a carbon absorber 90 em thick. The 
emulsion chamber was surrounded by a thick layer 
of iron, which screened it from the stray field of 
the accelerator. 

The geometry of the experiment was such that 
#J.- mesons of energy close to maximum were reg­
istered in the emulsion. The momentum direction 
of such #J.- mesons changes only slightly in going 
from the coordinate system in which the 11'- meson 
is at rest to the laboratory coordinate system. 
For this reason, the #J.- -meson beam was con­
sidered polarized. 

In the scanning of separate emulsion layers 
tracks of long-range #J.- mesons with decay elec­
trons were noted. 

Altogether 630 cases of #J.--e- decays were 
analyzed in which #J.- mesons stopped at a dis­
tance of not less than 50 #J. from any of the emul­
sion surfaces. In 135 cases of #J.--e- decays, an 
estimate of the electron energy was made when 
the electron track length was more than 500 #J.. 83 
electrons had a track length of over 1 mm. 

The electron energy was measured by the mul­
tiple-scattering method; the error in the energy 
determination ranged from 30 to 18%, depending 
on the electron track length. 

In order to compare the experiment with for­
mula (1) and the consequences resulting from it, 
it was necessary to measure the angle -It, which 
in our case was taken to be the same as the angle 
between the direction of the electron motion and 
the axis of the #J.- -meson beam. 

In 135 cases of #J.--e- decays, 64 electrons 
were emitted forwards (i.e., 0 :S -It :S 90°) and 71 
electrons were emitted backwards (i.e., 90° :S -It 
:S 180°). This circumstance may serve as an in­
dication that the spin direction of the #J.- meson, 
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FIG. 1 Electron energy spectra: a- electrons emitted 
backwards, b - electrons emitted forwards. 

at least for some particles, keeps its initial direc­
tion in the emulsion up to the instant of decay. 

In Fig. 1 the energy spectrum is shown sep­
arately for the electrons emitted forwards and 
backwards. Here the number of electrons N is 
plotted against the ratio E of the electron energy 
to the maximum energy Emax = 55 Mev. 

N 

I 
Electron 

Theoret-
Angles Direction ical ratio 

Number c>--=-1) 

0-20° forward 3 1:2.6 160-180° backward 9 
0-60° forward 11 1:2 120-180° backward 19 

60-90° forward 8 1:1.2 90-120° backward 13 

For energies E > 0.6 the "forward-backward" 
electron ratio was 25: 36. In the low energy region 
( E < 0.6), 39 particles were emitted forwards and 
35 backwards. The observed change in sign of the 
asymmetry for fast and slow electrons is in qual­
itative agreement with formula (1). 

In addition, we have studied the asymmetry in 
various angular intervals. The table gives the 
ratio of "forward-backward" electrons for various 
angular intervals in the energy region > 35 Mev. 
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FIG. 2. Electron energy spectra in various 
angular intervals: a) 0- 20° and 160° - 180°, 
b) 0- 45° and 135° - 180°, c) 0- goo and goo 
- 180°; o- backward emitted electrons, 
X- forward emitted electrons. 
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In Fig. 2 the energy spectra in various angular 
intervals are compared with theoretical curves. 
The upper curve is for electrons emitted back­
wards, and the lower curve for electrons emitted 
forwards. The slight disagreement between the 
experimental points and the expected distribution 
is, apparently, due to a partial depolarization of 
the f.L- mesons before decaying. 

From the above given analysis of the angular 
correlation in the p.--e- decay one can see a 
qualitative agreement with the two-component neu­
trino theory. Unfortunately, the accumulated sta­
tistics are not sufficient for quantitative conclu­
sions. 

The authors are grateful to A. I. Alikhanian, 
corresponding member of the U.S.S.R. Academy 
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of Science, for valuable advice, to A. 0. Vaisen­
berg and V. A. Smirnitskii for discussion of re­
sults, and also to T. V. Streltsov and G. I. Polo­
sin for help in measurements and scanning of the 
emulsions. 
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