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Within these uncertainties it must be concluded
that the structure of the giant dipole resonance
for spherical nuclei as well as for deformed
nuclei is described by the collective Hamilto-
nian. The influence of the odd particle will be
as unimportant in the spherical nuclei as it
is in the deformed nuclei.

An extensive discussion of the detailed the-
ory and its comparison with experimental da-
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EXPERIMENTAL EVIDENCE FOR A RESONANT STATE IN THE m+w'P SYSTEM AT 1.71 BeV

Thomas G. Schumann
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(Received 25 August 1965)

This note reports evidence for an enhance-
ment in the n+~'p system with a mass of 1.71
BeV and width &50 MeV.

A beam of negative pions with a momentum
of 3.9 BeV/c was directed into the Lawrence
Radiation Laboratory 72-in. liquid-hydrogen
bubble chamber. Four-prong events were in-
vestigated. Those events with strange parti-
cles were rejected. Protons could be distin-
guished from positive pions for almost all par-
ticles with momentum less than 1.4 BeV/c by
looking at the bubble density on the scan table.

There were 985 events which fit the reaction
+P —~ + m + m++ s'+P. Events are includ-

ed which are consistent with this reaction by
bubble density and kinematic fit; however,
events are rejected which simultaneously are
consistent with another reaction by both kine-
matic fit and bubble density. A mass plot of
the m+nop system is shown in Fig. 1(a); the
mass plots of the other nwp systems are shown
in Figs. 1(b), 2(a), and 2(b) for comparison.
The curves are the expected mass distributions
from phase space. An enhancement is noticed
at 1.71 BeV in the m+m'p system.

Two other strong enhancements occur in this
reaction —one due to the m in the m m+m sys-

tern, and one due to the N~ ~* in the m+p sys-
tem. If events which have m n+7t mass in the
region of the &u or which have a w+p mass in
the region of the N»* are removed, the en-

t
hancement at 1.7 BeV in the m+m'p system re-
mains. This enhancement is not a decay pro-
duct of a four-body resonance and does not de-
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FIG. 1. (a) Invariant mass plot of the ~+x P system
in the reaction m +p 71 +71 +x +71 +p. (b) Mass

7t p for the same reaction.
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FIG. 2. (a) Mass of 7I 71 p. (b) Mass of 7t & p.

cay dominantly into any lower mass resonance.
The kinetic energies of the proton, v+ and

m, were calculated in the center of mass
n'+mop system. The Dalitz plots of the kinetic
energy of the ~' versus the kinetic energy of
the proton and the ~ versus v+ were plotted
for the events with a. w+wop mass between
(a) 1.65 and 1.69 BeV, (b) 1.69 and 1.725 BeV
(the enhancement region), and (c) 1.725 and
1.765 BeV, for the unlikely possibility that a
sudden change would occur when passing through
the enhancement region. No difference was
observed, as was expected due to the complex-

ity of the final state.
There is no sudden change in the distribution

of momentum transfer to the w+w P system when
the m+mop mass goes through the enhancement
region, either. Thus, the only evidence for
a resonance is an enhancement in the mass plot
of the w+m p system.

Experiments involving the same reaction at
neighboring energies have not found any evi-
dence for this enhancement; however, on the
basis of their data on the m+P total cross sec-
tion, Devlin, Solomon, and Bertsch' have re-
cently suggested the existence of a T = & pion-
nucleon resonance at 1.65 BeV with a width of
0.2 BeV. Their mass is only slightly lower than
ours, but their width is much greater.

I wish to thank Dr. Robert W. Birge, Dr. Rob-
ert P. Ely, Dr. Zaven G. T. Guiragossian, and
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stimulating conversations. Thanks go also to
Professor Luis Alvarez and the crew of the
72-in. bubble chamber for the successful opera-
tion of the chamber, to the many scanners and
measurers of the Powell-Birge Group, and to
Mr. Howard S. White and his group for data
handling.
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ANNIHILATIONS OF ANTIPROTONS IN HYDROGEN AT REST INTO TWO MESONS*
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We present in this Letter a tabulation of the
rates for the annihilation of antiprotons at rest
in hydrogen into various two-body channels.
The tabulation is based on an analysis of 9301
two-pronged and 16 700 four-pronged pionic an-
nihilations, and 6768 kaonic annihilations ob-
tained from an exposure of the Columbia-Brook-
haven National Laboratory 30-in. hydrogen bub-

ble chamber to a separated low-energy antipro-
ton beam at the Brookhaven AGS. The details
of the analyses on which this tabulation is based
are presented in a series of articles which will
be published in the near future. The results
are presented in Table I.

The fraction of annihilations from the I' wave
of the PP system was estimated using arguments

532


