VoLUME 14, NUMBER 18

PHYSICAL REVIEW LETTERS

3 May 1965

"For the detailed structure of meson and baryon
fields, see Sakita and Wali, reference 5.

8Because the definition of ¢ includes a Vs matrix,’
TU¥¢ is a parity-conserving interaction.

%Observable terms” is used to denote those terms
that engender observable decays within the octet of
J=%1% baryons.

1°[X]MO‘B is constructed from its symmetry proper-
ties with respect to ¢, and to Au, but no normaliza-
tion is i(rynptlsed, eg: [gz]MaB :EAO‘BMB +§“aB)\ﬂ '
+B)\"B,~ +B,"B)  —trace terms. For the symmetries
of [10] and [10*], see S. Okubo, Progr. Theoret. Phys.
(Kyoto) 28, 24 (1962). Notice also that F% :g[(BE)ﬁO‘
-(BB)g®], Dg* = 3[(BB)g* + (BB)g™ —trace term].

"The combined effect of pre- and post-multiplying
@ by v; is to change the sign of the mass of the pseudo-
scalar meson; see reference 7.

1276 understand why other choices of A,B,E do not
contribute to the S-wave amplitudes, we note that y;
links the “large” components of one Dirac spinor to the
“small” components of another. Thus any term with
A or B equal to y; is smaller by a factor v/c than the
corresponding term with A and B both equal to the unit
matrix. By setting E =+, however, we merely cancel
out a yg appearing in the definition of ¢ (see refer-

ence 7).
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land, 1962), p. 827.
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Phys. Rev. 137, B431 (1965).

19We use Hi(RP), i=1,2, to denote the SU(6) couplings
of Rosen and Pakvasa.?

205ee the papers of Salam et al. and Bardakei et al.,
reference 5.

Y Nonleptonic decay has recently been discussed in the
U(12) scheme by R. Gatto, L. Maiani, and G. Prepara-
ta, to be published; K. Kawarabayashi and R. White,
to be published; and R. Oehme, to be published. See
also M. Ademollo, G. Altarelli, and R. Gatto, Phys.
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It has recently been proposed! that one of the
secondaries from K,° -7t +7~ decay, first ob-
served by Christenson et al.,” and later by
others,®* is not a normal pion but a pion with
spin (spion). The existence of such a spion
could explain a long-standing asymmetry®*®
in the 7 — u decay angular distribution for the
lower part of the 7+ spectrum in 7 decay. An
admixture of at least 5% of spions in 7 decay
would be required. Several other consequences
follow from this assumption, as pointed out
in reference 1:

(a) The ratio of the decay rates for electron-
ic and muonic modes should be comparable
for the charged spion.

(b) If the spin of the spion is 1 and neutral
spions exist, the preferred decay mode would
be into an electron-positron pair plus a photon.
Assuming a very short lifetime (S107!2 sec),
one expects to observe in a bubble chamber
an anomalous number of Dalitz pairs in K* de-
cays.

We have checked hypothesis (a) in 7 and 7’
decay and hypothesis (b) in 7/, in K3, and
in all K* decays involving a 7. We have not
found any evidence of the above effects, all the
results being compatible with a completely
normal behavior of the pions from K+ decays.

The data were obtained from two exposures
of the 81-cm Saclay CERN bubble chamber to
beams of stopping K* mesons. The liquid in
the chamber was H, for the first and D, for
the second exposure. To check hypothesis (a)
in 7 decay, we studied the decays of the stopped
positive secondaries. At least 3% of these
should decay directly into positrons of 70-MeV
energy to explain the observed magnitude of
the 7 - u decay asymmetry. In the scan we
examined all the positive secondaries of 77
for apparently direct decays into a positron.
We found 78 events out of 14806 t’s. The
range of the secondary and the momentum of
the positron were measured for these events.
A large background is expected among these
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events due to 7 - 1 +v decays with a very small
angle between the 7 and the u track, followed
by pn—~e +v+v decay. However, the momen-
tum resolution (the average measurement er-
ror on the positron momentum is 8%) should
allow us to separate out the 7* —e* +v decays.
The momentum distribution of the positrons

is shown in Fig. 1. For comparison, the theo-
retical distribution for u—e +v+v decay (p=3),
with an average 8% measurement error folded
in, is shown. The agreement is good (70% chi-
squared probability). No example of 7t —e*+v
decay was found. This is still compatible with
the theoretical (17 —e*+v)/(n* - 1 +v) branch-
ing ratio of 1.2x107* since, from the above-
quoted 7 count, taking into account the average
probability that a 7t stops in the chamber and
the scan efficiency, we expected 0.7+0.2 7™
—e*+v decays. If one believes in the spion
hypothesis, our result sets an upper limit to
the product of the spion percentage (P +) among
pions times the branching ratio R =(spion ~et
+v)/(all spion decays): R, P, <4x10~* with
95% confidence. This is about two orders of
magnitude below the value proposed by Cvijano-
vich, Jeannet, and Sudarshan.! It is to be noted
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FIG. 1. Spectrum of the positrons apparently emerg-
ing directly from the stopped positive secondaries in
T decay (78 events). The smooth curve is the positron
spectrum from muon decay with 8% measurement er-
ror folded in.
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that the positive secondaries from 7 decay that
we examined are predominantly from the low-

er part of the energy spectrum, where the asym-
metries observed®’® were most significant.

The presence of depolarizing effects in this
experiment should not affect hypothesis (a).

A similar analysis was applied to 7’ decays.
In this case the background is due both to the
above-mentioned collinearity between 7 and
u tracks and to the K ;3 decay. To study the
K p3 muon spectrum and longitudinal polariza-
tion we have measured all apparent K u3 decays
in the first exposure,” and are now continuing
in the second. As well, all apparent 7’ decays
in the first exposure were measured.® The
spions, if present in 7/ decay, would consti-
tute a background to the K ;3 measurements.
Figure 2 shows the momentum distribution of
the positrons resulting from 1744 apparent K u3
decays which correspond to approximately 4700
7’ decays in the given chamber geometry. One
event consistent with 7t —e™ +v decay was found.
The resulting upper limit for the product is
R,P,s1.1x1073,

An indicative test of hypothesis (b) is provided
by the Dalitz-pair frequency in K* decay. In
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FIG. 2. Spectrum of the positrons resulting from ap-

parent K, 3 decays (1744 events). The smooth curve is
the positron spectrum from muon decay with 8% mea-
surement error folded in.
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a recent determination of the T branching ratio®
we found a Dalitz-pair frequency of (0.41+0.07)%
of all Kt decays, based on 36 Dalitz pairs found.
This is to be compared with (0.39 £+ 0.01)% ex-
pected from recently published K* branching

ratios!® and the Dalitz-pair probability observed
for 7°’s produced in strong interactions.! The
resulting product R P, is (2.017:3)x10™*, where
P, is the neutral spion frequency, and R, is

the Dalitz-pair frequency in the neutral spion
decay. We applied the same test separately

to 7/ and K“3 decays. In the first exposure

we found 61 Dalitz pairs (56 expected) among
2393 7’ decays and 10 (12.4 expected) among
1062 apparent K“3 decays. In the second ex-
posure we have not yet determined the Dalitz
pair efficiency. The resulting products R P,
are (2.0%3:9) x10~* for 7’ decay, and (0¥37)x10~*
for K3 decay.
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staff for the exposure. We thank Dr. R. Cester
for stimulating discussion.

*On leave from the Lawrence Radiation Laboratory,

Berkeley, California.

1G. B. Cvijanovich, E. A. Jeannet, and E. C. G.
Sudarshan, Phys. Rev. Letters 14, 117 (1965).

%J. H. Christenson, J. W. Cronin, V. L. Fitch, and
R. Turlay, Phys. Rev. Letters 13, 138 (1964).

3W. Galbraith, G. Manning, A. E. Taylor, B. D.
Jones, J. Malos, A. Astbury, N. H. Lipman, and T. G.
Walker, Phys. Rev. Letters 14, 383 (1965).

4X. De Bouard, D. Dekkers, B. Jordan, R. Mermod,
T. R. Willits, K. Winter, P. Scharff, L. Valentin,
M. Vivargent, and M. Bott Bodenhausen, Phys. Let-
ters 15, 58 (1965).

5R. L. Garwin, G. Gidal, L. M. Lederman, and
M. Weinrich, Phys. Rev. 108, 1589 (1957).

8G. B. Cvijanovich and E. A. Jeannet, Helv. Phys.
Acta 37, 211 (1964).

. Bisi, G. Borreani, R. Cester, A. Debenedetti,
M. I. Ferrero, C. M. Garelli, A. Marzari-Chiesa,
B. Quassiati, G. Rinaudo, M. Vigone, and A. E.
Werbrouck, Phys. Rev. Letters 12, 490 (1964).

by, Bisi, G. Borreani, R. Cester, A. DeMarco-
Trabucco, M. I. Ferrero, C. M. Garelli, A. Marzari
Chiesa, B. Quassiati, G. Rinaudo, M. Vigone, and
A. E. Werbrouck, Nuovo Cimento 35, 768 (1965).

°A. DeMarco-Trabucco, C. Grosso, and G. Rinaudo,
(to be published).

1'p, s. Shaklee, G. L. Jensen, B. P. Roe, and D. Sin-
clair, Phys. Rev. 136, B1423 (1964).

1N, P, Samios, Phys. Rev. 121, 275 (1961).

SMALL-ANGLE CHARGE EXCHANGE OF 7~ MESONS BETWEEN 6 AND 18 GeV/c
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Charge-exchange processes in the region of
the highest available accelerator energies have
gained considerable attention during the past
year.!”s

These reactions provide critical tests of the
currently popular exchange models of high-en-
ergy strong-interaction physics. For models
investigating one-particle intermediate states
in the crossed channels, there are stringent
limitations: Only nonstrange mesons with iso-
topic spin 1 can be exchanged for low momen-
tum transfers. For K-nucleon and m-nucleon
charge exchange there is the further condition
that the spin and parity of the intermediate state
must be of the series 07, 17, 2%, etc. Final-

ly, for m-nucleon charge exchange the addition-
al limitation on G parity excludes all but the
p from the list of particles with known quantum
numbers. Cross sections for 7~ +p — 7° + % have
been calculated using Regge-pole theory®” and
one-particle exchange with absorption.?~1°

Supposing the exchange of one meson only,
Regge-pole theory requires a shrinking of the
forward peak. Non-Reggeized exchange mod-
els investigated so far predict purely real for-
ward scattering amplitudes, and energy-inde-
pendent cross sections for vector-meson ex-
change.

The cross section at 0° can be calculated us-
ing an unsubtracted dispersion relation and the
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