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IN an earlier note! we presented some preliminary results of an investigation of the interaction of neg-

ative m mesons with helium nuclei., We called attention to the considerable decrease in elastic scatter-

~ ing cross section which takes place at small angles (5 —15°). This variation in the differential cross

/,V‘L & gection was linked to a possible in-
/ terference between Coulomb and nu-

clear scattering.

The present note describes fur-
ther experiments on the elastic
scattering of ¥~ and n* mesons
against helium nuclei near 300 Mev,
carried out with a considerably
sharpened angular distribution, and
verifies the conclusion made about
the role of Coulomb interference.

As in the previous experiment,
the elastic scattering was studied
by means of a diffusion cloud cham-
ber? filled with helium at a pressure
of 15 atmospheres. The geometry
of the outcoming beam of negative
7 mesons and the experimental set-
up were described in Refs. 1 and 2.
The positive 7 mesons were gen-
erated in a polyethylene target 20
cm thick, which was placed in the
path of a 660-Mev proton beam
emerging from the synchro-cyclo-
tron. An analyzing magnet selects
a monochromatic beam of 1+ mesons
which are formed as a result of the
reaction p +p — 7t +d, and they
emerge at an angle of 9° to the proton beam. After passing through the analyzing magnet, the beam of
m mesons is directed through a collimating slit in the 4 m concrete shielding into the experimental space
which contains the diffusion cloud chamber. In order to remove from the meson beam protons which have
the same momentum, a 6 cm thick carbon filter was placed in front of the chamber. In the experiment
with 7~ mesons having an energy of 330 + 6 Mev, we obtained altogether 24,000 photographs, while 7+
mesons of 273 + 7 Mev yielded 11,000 photographs.

The elastic scattering of # mesons by helium auclei were identified by the kinematics of the diverging
particles: coplanarity, appropriate angular correlation, and range of the a-particles. For small-
angle scattering, coplanarity and angular correspondence can only be crudely determined. In that case,

a more reliable criterion is provided by the correspondence between the scattering angle of the mesons
and the range of the a-particles. A small-angle region determined by the maximal angle of 7 — p decay
(5.1° at 300 Mev and 5.9° at 273 Mev ) was excluded from consideration. A typical photograph of an elas-
tic scattering event is shown in Fig, 1.

After twice scanning the pictures and analyzing the photographs, we detected 99 cases of elastic scat-
tering of 7~ mesons and 76 cases of 7™ mesons. The total absolute cross sections for elastic scattering

J x-
FIG. 1. Photograph of a 300-Mev 7~ meson elastically scat-
tered by a helium nucleus at an angle of 9.8°,
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FIG. 2. Angular distribution of 330-
Mev 7~ mesons elastically scattered
by helium nuclei.
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FIG. 3. Angular distribution of 273-
Mev 7t mesons elastically scattered
by helium nuclei.
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are respectively (45 5) X 10727 ¢m? and (72 + 11) x 10~27
cm?, The angular distributions in the center-of-mass system
are presented in Figs. 2 and 3. The results show quite defi-
nitely the presence of an interference effect between Coulomb
and nuclear scattering in the small-angle region. Essentially,
the sign of the nuclear scattering amplitude is positive in the
energy region under consideration, i.e., the interaction between
m mesons and nuclei is repulsive. A calculation of the energy
dependence of particles interacting with an average nuclear
potential has been carried out using the optical model of the
nucleus, and utilizing results on the scattering of m mesons
against free nucleons;:* these indicate a change in the sign of
the nuclear amplitude in the region of the first resonance max-
imum, and are thus in agreement with the obtained experimen-
tal results.

The authors would like to express their gratitude to L. 1.
Landus for his interest in this work and for helpful discussion.

APPENDIX
(Received July 25, 1957)

Recently there has been renewed discussion on the possible
existence of a non-zero spin for the # meson. This discussion
is based on investigations of the angular distribution in 7 —p
decay.’® In the Laboratory for Nuclear Problems we have
tried to settle this question by studying the experimentally-ob-
tained azimuthal distribution of 7" mesons elastically scat-
tered by nuclei, described in the above communication. Out of
76 cases of elastic scattering, 47 mesons were found scattered
to the right and 29 to the left. An analysis of experimental con-
ditions indicated that the observed asymmetry could not be due
to systematic error, The probability for such an accidental
deviation from isotropic distribution is less than 0.05. Since
even such an improbable fluctuation may have occurred during
an individual measurement, we are presently carrying out fur-
ther experiments along this line. In view of the present dis-
cussion, however, we have deemed it worth while to announce
the results of our preliminary investigations.

No azimuthal anisotropy in the angular distribution was ob-
served in the elastic scattering of negative m mesons.
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