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Previous experiments® have given upper limits
to the width of the w, the width itself having been
masked by the experimental resolution. We re-
port here an experiment with greater resolution,
sufficient to exhibit the natural width.

The technique employs the capture of antipro-
tons at rest in the reaction

P+p~K +K +nt+1" +1°. (1)

The larger part of this reaction proceeds through
the w channel?:

P+p~Kt+K +w, w—nt+1" +7° (1A)

The special usefulness of the process rests on
the fact that the total kinetic energy for the out-
going particles in Reaction (1A) is only about 100
MeV. The K* and K~ mesons then have a good
chance of stopping in a liquid hydrogen chamber.
This permits an accurate determination of their
energies, and these combined with the angle be-
tween them, yield a measurement of the w mass.
Approximately 400 000 antiprotons were stopped
in the Columbia-BNL 30-inch hydrogen chamber
and 119 examples of Reaction (1) were found, with
both K’s stopping in the chamber. The calculated
errors on the three pion masses ranged between
0.6 and 1.2 MeV. This resolution is approxi-
mately ten times better than resolutions previous-
ly obtained. The range-energy relation, which
plays an essential role in the mass determinations,
was extensively checked, using pions and protons
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FIG. 1. Mass scatter plot for the reaction p +p— K+

+K 4+t +n+70,
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of known energy. This work will be reported
elsewhere. Figure 1 is a mass scatter diagram
for these events. An over-all check on the tech-
nique is provided by the mass determination of
the A° using decays in which both pion and proton
stop in the chamber. The mass determination
here also uses the ranges of the two tracks and
the angle between them. The A° direction or
known momentum is not used. The observed A°
mass distribution is shown in Fig. 2 in the form
of a Gaussian ideogram, together with the calcu-
lated resolution function. The resolution function
is obtained by multiplying the individual mass er-
rors by v2 and then plotting a Gaussian ideogram
about a common value. The observed distribu-
tion is perhaps 10% wider than the calculated.
The agreement is adequate to support the follow-
ing discussion on the w width.

The 777 7° mass distribution of the examples
of Reaction (1) is presented in Figs. 3 and 4.
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FIG. 2. Check on the mass resolution of the experi-
mental method. Ideogram of the masses of 17 A° decays
on the basis of the pion and proton ranges and the in-
cluded angle, together with the calculated resolution.
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FIG. 3. Histogram of the combined pion mass for
119 examples of the reactionp+p— Kt + K™+t +7~+1°,
The solid line represents the best fit to Eq. (2), and
the dashed line is the best fit for product of phase space
and efficiency.

Both figures include appropriate resolution func-
tions. Figure 4 shows, in addition, an analysis
in which a function of the following form has been
fitted to the data:

F(m)={T%/[(m - my)*+ (3 T)?] + const}(phase-space
function of m)
x (detection efficiency function of m). 2)

Here m, is the central w, mass, T its width, and
the detection efficiency is the probability that
both kaons will stop in the chamber. The geo-
metrical problem presented by the latter was
handled by the “Monte Carlo” technique. For
comparison with experiment, the experimental
resolution function obtained from the measure-
ment errors for the individual events is folded
into F(m).

We obtain

my,=784.0+ 0.9 MeV,

=9.5+2.1 MeV.

The corresponding w lifetime is(0.69+ 0.15)x 10~ 22
sec. Using the charged-neutral branching ra-

tios,'? the partial decay rates are
w-1T+1" +7°, Pt=(1. 30+0.3)x10%2 gec™};

and

w - neutrals, Pt =(0.15+0.07)x 10722 sec™?,

Theoretical estimates for these rates have been
put forward by several authors. *

*This research is supported by the U. S. Atomic En-
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FIG. 4. Ideogram of the events of Fig. 2, with reso-
lution function and best-fit resonance curve.

ergy Commission and the National Science Foundation.

M. L. Stevenson, L. W. Alvarez, B. C. Maglié,
and A. H. Rosenfeld, Phys. Rev. 125, 687 (1962);

A. Pevsner, B. Kraemer, M. Nussbaum, C. Richard-
son, P. Schlein, R. Strand, T. Toohig, M. Block,

A. Engler, R. Gessaroli, and C. Meltzer, Phys. Rev.
Letters 7, 421 (1961); C. Alff, D. Berley, D. Colley,
N. Gelfand, U. Nauenberg, D. Miller, J. Schultz,

J. Steinberger, T.-H. Tan, H. Brugger, P. Kramer
and R. Plano, Phys. Rev. Letters 9, 322 (1962); J. J.
Murray, Jr., M. Ferro-Luzzi, D. O. Huwe, J. B.
Shafer, F. T. Solmitz, and M. L. Stevenson, Lawrence
Radiation Laboratory, University of California Report
No. UCRL-10723, 1963 (unpublished). In addition, a
lower limit of 1 MeV has been placed on the width by
N.-H. Xuong, R. L. Lander, W. A. W. Mehlhop, and
P. M. Yager, Phys. Rev. Letters 11, 227 (1963). The
analysis depends on the conclusion that the reaction 7+
+p— 7t +p+w occurs via the single pion exchange mech-
anism. It is our belief that this conclusion has not been
demonstrated.

’R. Armenteros, R. Budde, L.. Montanet, D. R. O.
Morrison, S. Nilsson, A. Shapira, J. Vandermeulen,
C. d’Andlau, A. Astier, C. Ghesquiére, B. Gregory,
D. Rahm, P. Rivet, and F. Solmitz, Proceedings of
the International Conference on High-Energy Nuclear
Physics, Geneva, 1962 (CERN Scientific Information
Service, Geneva, Switzerland, 1962), p. 90.

3C. Alff, D. Berley, D. Colley, N. Gelfand, U. Nau-
enberg, D. Miller, J. Schultz, J. Steinberger, T.-H.
Tan, H. Brugger, P. Kramer, and R. Plano, Phys.
Rev. Letters 9, 325 (1962); M. Meer, R. Strand,

R. Kraemer, L. Madansky, M. Nussbaum, A. Pevsner,
C. Richardson, T. Toohig, M. Block, S. Orenstein,
and T. Fields, Proceedings of the International Con-
ference on High-Energy Nuclear Physics, Geneva,

1962 (CERN Scientific Information Service, Geneva,
Switzerland, 1962), p. 103; J. J. Murray, Jr., M. Fer-
ro-Luzzi, D. O. Huwe, J. B. Shafer, and F. T. Sol-
mitz, Lawrence Radiation Laboratory, University of

437




VoLuME 11, NUMBER 9

PHYSICAL REVIEW LETTERS

1 NOVEMBER 1963

California Report No. UCRL-10723, 1963 (unpublished).
4s. Glashow, Phys. Rev. Letters 7, 469 (1961);

G. Feinberg, Phys. Rev. Letters 8, 151 (1962); M. Gell-

Mann, D. Sharp, and W. G. Wagner, Phys. Rev. Let-

ters 8, 261 (1962); F. Zachariasen and C. Zemach,
Phys. Rev. 128, 849 (1962); W. R. Frazer and D. Y.
Wong, Phys. Rev. 128, 1927 (1962); Y. Nambu and

J. J. Sakurai, Phys. Rev. Letters 8, 79 (1962).

WIDTH OF THE ¢ MESON*

N. Gelfand, D. Miller, M. Nussbaum, J. Ratau, J. Schultz, J. Steinberger, and T. H. Tan
Columbia University, New York, New York

and

L. Kirsch and R. Plano
Rutgers, The State University, New Brunswick, New Jersey
(Received 16 September 1963)

In several recent Letters® it has been shown
that there exists a KK resonance, named the ¢
meson, with mass M, =1019+1 MeV and a width
not exceeding 3 to 5 MeV. This resonance was
produced in the reaction

K +p-»K-’°+K+’°+A

and was shown to have /=0 and J=1. We have
observed the ¢ in the reaction
5+p~K++K-+7r++1r- (1)

for antiprotons at rest in the hydrogen bubble
chamber. The technique and exposure have been
reported briefly.? In particular, we have found
examples of Reaction (1) in which both K+ and

K~ stop in the chamber. The mass scatter dia-
gram for these events is presented in Fig. 1.
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FIG. 1. Mass scatter diagram for the events p +p
—K*+K™+ 7% +7~ with both K* and K~ stopping in the
chamber.
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FIG. 2. Gaussian ideogram for the K*K™ mass in the reactionp+p—~ K ' +K +ntn".
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