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FIG. 1. Setup of the chamber at the accelerator: 1 - vacuum chamber of the accelerator, 2 - target, 3 - deflecting
magnet, 4 - shielding, 5 - absorber, 6 - chamber, P - proton beam, M - 1l mesons.

IT is known that if parity conservation is violated
in the p. -e decay, the angular distribution of the
decay electrons can be approximated by a function
of the form 1•2
dN ~(1

+

~ cos&)dn =

(1

+a cos&) dQ,

(1)

where it is the angle between the direction of motion of the electron (within the range of the solid
angle dQ) and the direction of the p.-meson spin.
The experimental angular distributions, obtained
by several authors, have a form close to that of
the function ( 1 + A cos it) dQ, although the coefficient A is found to be different for various substances.
Actually, in the experiment we measure the angular distribution relative to the direction of motion
of the p. mesons, since polarization of p. mesons
along their momentum takes place in the 1r-p.
decay. However, a fraction of the p. mesons have
the orientation of their spins changed before decaying. The difference in degree of disorientation
in different substances is responsible for the variations in value of A and does not permit identification of A with the coefficient a in Eq. (1). A
statistically reliable number of measurements of
A in various substances must be compiled in order
to determine a and to clarify the disorientation
mechanism of the p. mesons.
We have studied the angular distribution in
11'+ -p.+ -e+ decay in propane. This is valuable,
too, considering the usefulness of propane (widely
utilized in bubble chambers ) for measurements of
angular correlations of events of similar nature as
in the p. -e decay.
The experimental setup is shown in Fig. 1. A
7.2 x 6.5 x 16 em bubble chamber 3 was irradiated
by a 175-Mev 71'+ -meson beam in the synchrocyclotron of the Joint Institute for Nuclear Research.
11'+ mesons, formed in a polyethylene target, decayed in the chamber after having been taken out
through a collimator and slowed down by a copper
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FIG. 2. Electron angular distribution in n+ - iJ. +- e+
decay. cp is the projection of the spatial angle between the
initial directions of the e+ and iJ. + momenta onto the plane
of the camera film.

absorber. During the measurements, the chamber
was inside a magnetic screen, which reduced the
external magnetic field to 1 oersted.
In all, we have obtained 8,000 photographs in
which we found 6,670 71'+ -p.+ -e+ decays. Not included in this number are decays for which the
end of the p. + track was closer than 3 mm from
the chamber walls. For such borderline cases the
probability of observing an electron emitted in the
direction of motion of the p.+ meson could be
smaller than if it were emitted backwards.
We have measured the angular distribution of
the projection of the spatial angle onto the plane of
the camera film. If one assumes an isotropic distribution of the p.+ mesons in the decay, the function (1) is transformed to read in terms of the
plane angle cp as follows:
dN ~ [1

+ (a1t2 jl6) cos cp] dcp.

(2)

The experimental angular distribution of the
decay electrons is shown in Fig. 2. The distribution is satisfactorily approximated by a function
of the form (2) (solid line; dotted line represents
an isotropic distribution). The ratio of the number of electrons emitted into the angular interval
90 -180° to the number of electrons emitted into
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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 disorientation of #J.+ mesons in hydrogen, and using
for the determination of 'Y ( C 3H8 ) the data of Swanson 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 analogous 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 gratitude to Professor V. P. Dzhelepov for making it
possible for us to perform this experiment at the
synchrocyclotron.
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AccORDING to the two-component neutrino the
ory 1•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 angular distribution is described by the function
dN = N (a+ bt..cos &) dsd cos&,

(1)
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where -It is the angle between the momentum direction of the decay electron and the #).-meson
spin; 71. is a theoretical parameter;
a= 2s 2 (3- 2s); b = 2s 2 (2s- 1).

Several authors, in particular Vaisenberg and
Smirnitskii3• 4 have analyzed the angular distribution 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 negative #). mesons, which decayed in an emulsion.
A stack of NIKFI-R photoemulsion 10 em in diameter and 400 #). thick was irradiated by a negative #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 registered 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 considered polarized.
In the scanning of separate emulsion layers
tracks of long-range #J.- mesons with decay electrons were noted.
Altogether 630 cases of #J.--e- decays were
analyzed in which #J.- mesons stopped at a distance of not less than 50 #J. from any of the emulsion 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 multiple-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 formula (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 indication that the spin direction of the #J.- meson,

