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gH» HYPERFRAQMENT EMITTED FROM AN ANTIPROTON CAPTURE STAR
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The observation of a definite case of A' hyperon
emission from an antiproton annihilation in a
medium heavy nucleus is reported. The lambda
hyperon is emitted bound in a pH» hyperfragment.

It is known' ~ that antiproton annihilations, in
general, produce a number of pions and that
strange particles occur only rarely. From
emulsion experiments, Chamberlain et al. ' esti-
mate that about 3.5% of all antiproton stars con-
tain KZ meson pairs. A similar result has been
obtained in our study. When the annihilation
takes place in a nucleus, one may expect some
cases where hyperons are produced, either by a
secondary process involving the reabsorption of
a E meson or by a primary process involving
two nucleons and the antiproton. Observations of
two possible Z hyperons emitted from antiproton
capture stars have been published. '& ' In view of
the uncertainties attached to these earlier ob-
servations, we regard our observation to be of
some general interest.

The event occurred in an emulsion stack ex-
posed to a beam of 740-Mevjc antiprotons at the
Bevatron in Berkeley. The number of antipro-
tons observed in this experiment is 374. Details
on the scanning technique and the identification
of the antiprotons have been published elsewhere.

A microyhotograph of the antiproton star with

the hyperfragment is shown in Fig. 1. The par-
ticle which is assigned to be the antiproton was
found to be moving towards the star and to have
protonic mass. As the kinetic energy of this
particle at the star is only 96 +6 Mev and the en-
ergy release is at least 979 Mev, it is clear that
the star represents the annihilation of an anti-
proton. All the tracks connected with this event
are completely contained in the stack. Each of
the eleven outgoing tracks are numbered as seen
in the figure. Number 7, which according to our
measurements most probably is a proton of 150-
Mev energy, interacts in flight. All other par-
ticles come to rest.

Number 2 is the hyperfragment. This track is
very suitably located for accurate measurements.
It is 3630 microns long and passes through 3
plates before decaying at rest (at point B in the
figure). The charge of the fragment was meas-
ured by counting the number of 5 rays along the
entire track length. The result 2 = 1 is certain.
The mass was determined by the constant sag-
itta scattering method to be 4.0+1.1 proton
masses. Calibration results from measurements
on protons were utilized for both the charge and
the mass determination. These results indicate
that the particle is probably a H or H' hyper-
fragment.

FIG. 1. Microphotograph
of the antiproton annihila-
tion at A and the mesonic
decay of the &H4 fragment
at B. The kinetic energy of
the hyperfragment is 54
Mev. Path lengths are in
millimeters. Track 10 is
due to an 18-Mev Negative
m meson, track 11 to an 89-
Mev He nucleus. All other
prongs in star A represent
protons.
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The two secondary tracks, one of which is a
negative pion, are collinear within experimental
errors. They are emitted at an angle of 22.5
with the emulsion plane (in unprocessed emul-
sion). The range of the secondary s meson is
38.7 mm and it gives an absorytion star at rest
(at point C in the figure). The kinetic energy of
the pion is then 52.3 +1.0 Mev, where the stand-
ard error is computed from straggling error,
observational error, uncertainty of emulsion
density, and uncertainty of shrinkage factor. The
other secondary has a range of (8.0 a 0.4) p, . The
approximate collinearity of the two secondary
yrongs suggests that the event represents a two-
body decay. We assume that this is the correct
interpretation and mill later return to a discus-
sion of this assumption. The nature of the re-
coil particle is deduced from its observed range
and its momentum, which is equal to the ob-
served g-meson momentum on the above-men-
tioned assumption of a two-body decay. On the
basis of momentum, me expect the range to be
8.0+0.4 p, if the recoil particle is He4, and
11.5+0.5 p, if He'. The measured range of
8.0+0.4 p, is consistent with a He~ recoil. This
leads to the following interpretation of the event:

E'-He +s +Q,

where Q =54.6+1.0 Mev.
Other interpretations of this event mere con-

sidered. In addition to the above elimination of
a He' recoil because of range, it is further ruled
out in a two-body decay, &H -He'+ s + Q, be-
cause it leads to a negative binding energy of
-12.5 Mev for the A hyperon. Although the ob-
served collinearity indicates a two-body decay,
me have also considered the only possible three-
body decay, namely &H'-He'+n+r +Q. This,
too, is ruled out because it leads to a negative
binding energy of the A hyperon (in this case
8&( -15.7 Mev).

The result is that the event is consistent only
with a &H4 fragment undergoing mesonic two-
body decay. The binding energy of the A in gH

is then B&—2.6+1.0 Mev, which is consistent
also with other measurements of this quantity. '
In our calculation of the A-binding energy, we
used the following input data: Q& -37.36 Mev,
and proton separation energy in He~ =19.80 Mev.

A limited search for a neutral E meson in as-
sociation with the event mas undertaken. None
was found in a volume such that the yrobability
to find the decay of 8, meson was about 5%.

We conclude that the observation establishes
the emission of a A hyperon bound in a pH' frag-
ment from an antiproton annihilation in a medium
heavy nucleus. The binding energy pf the hyperon
in &H~ is 2.6+1.0 Mev.
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