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ARSHAK and Messiah! have pointed out that if
mesons are present in both .S and P states in
the reaction p+p—nt-d, then it is possible to obtain,
through interference, a large azimuthal asymmetry in
the angular distribution, provided that a polarized
proton beam (or target) is used. If a substantial amount
of such an asymmetry is indeed observed, then the
relative amounts and phases of .S and P waves can be
estimated. De Carvalho ef /.2 looked for an asymmetry
in meson production in the course of examining possible
asymmetric background in the scattering from hy-
drogen of 439-Mev polarized protons. They obtained a
null result of asym= —0.074-0.085.

Following the Rochester technique,® Chamberlain
and co-workers? have obtained an external beam of
315-Mev protons from the Berkeley cyclotron having
a polarization® estimated to be [P|=[2(S,)|=0.73.
With this beam, we have made measurements of the
left-right asymmetry of meson production in the plane
perpendicular to the proton polarization, using coinci-
dence detection of the meson and deuteron, and a
liquid hydrogen target. Measurements were made at
incident proton energies of 317 and 310 Mev. The
results of the raw data are (R— L)/ (R+L)=0.1640.03
and 0.2340.04 at 317 and 310 Mev, respectively. R and
L refer to the direction of the produced meson, as seen
by the incident proton. (The polarized proton beam is
produced by a ‘“left” scatter.?)

In the notation of Marshak and Messiah, (R—L)/
(R+L)=PQ(A sinf)/(A+cos®). Here, A+cos? is the
angular dependence of the differential cross section in
the c.m. system for unpolarized protons, and Q is the
interesting quantity, involving the relative amplitudes
and phases of the transitions involved. It is apparent
that the angular factor becomes unity, independent of
A, at 6=90°. However, measurements were made
at 69° because of meson energy loss in the target. We
used 4=0.40 and 0.49% at 317 and 310 Mev, respec-
tively, to average the angular factor. With | P|=0.73
this gives |Q]|=0.3720.06 and 0.424-0.07 at 317
and 310 Mev, respectively, Analysis’” of the excita-
tion function shows that Q is expected to vary by less
than ten percent between 310 and 317 Mev, so that we
may conveniently combine these data to obtain an
average |Q|=0.39+0.05 at an average proton energy
of 314 Mev. (K.E..)em.=11.3 Mev.

We satisfied ourselves as to the following points:
uniformity of counter sensitivity, insensitivity of
counters to stray fields, target and counter alignment,
exclusion of p+p—rt+p+n, and reproducibility
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during many interchanges of counter positions. As an
over-all check, the experiment was repeated using the
ordinary ‘‘scattered”” beam, which has been shown? to
be unpolarized. The beam energy was degraded with a
Be absorber to correspond to the measured energy of
the polarized beam. At 317 and 310 Mev, (R—L)/
(R+L)=—0.0240.06 and 0.0424-0.04 were obtained,
respectively. These results have convinced us that no
hidden asymmetries were present in the equipment.
The average of the left and right measurements with
the polarized beam agreed with the results obtained
with the unpolarized beam, and with our previous
measurements.®

Rosenfeld” has compiled data on pion production
from nucleons and compared it with the phenomeno-
logical theory of Watson and Brueckner.® In his nota-
tion, Q=V2nn(n*+n2)" sin(y—71), where n=p./mc,
and 7. is obtained by fitting the 90° (c.m.) excitation
function data to 4wda10(90°)/dQ=a10(n+71*n,%). The
terms in 5 and 7* come from S and P mesons, respec-
tively. So/Sz-}‘\/%: IS()/SQ—}—\/%I exp(#), and Si/Ss
=|S1/S:| exp(ir1), where So and S, are the complex
transition amplitudes giving P-state meson production
from 1S, and D, protons, respectively, and S; is the
amplitude for S-state meson production from 3P, pro-
tons. Our data® yields 7,=0.624-0.16. With the meas-
ured Q, at n=0.41, this gives |sin(y—71)| =0.6120.10.
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* This work has been performed under the auspices of the U. S.
Atomic Energy Commission.

t This work was reported as a post-deadline paper at the
Minneapolis meeting of the American Physical Society, June
28-30, 1954 [Bull. Am. Phys. Soc. 29, No. 5 (1954)].
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ANGSNESS! and de-Shalit? have observed a
regularity between the magnetic moment of an



