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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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, The results of the 1956 experiment on K~ mesons have been pubhshed
About 250 K~ mesons were observed to stop in the chamber, and the relative rates
of formation of the various hyperons were measured. In addition, the lifetimes
of the X, Z"", and A hyperons were me _e.sured accurately, and the branching
ratio of the two modes of decay of the Z hyperon was determined. - The existence
of two neutral particles (Z° and . 6°) postulated in the Gell- Mann? and Nishijima
schemes was demonstrated. Limits on the mass of the Z° were set.

The experiments mentioned in the preceding paragraph have recently been
extended, using an improved K~ beam and the 40-cm chamber. The electro-
magnetic separator of Murray and Horwitz™ has increased the ratio of stopping
K~ mesons to tracks that cross the chamber. Whereas formerly one observed one
stopping K~ meson for every 150 ptctures under good operating: conditions, the
corresponding number is now one in three pictures. Several pictures with three

‘and four stopping K~ mesons have been seen on the most recent run, which was

interrupted in April 1958 by a generator failure at the Bevatron. “More than 1000
new K~ stoppings have been observed in hydrogen, and we hope to have in the near
future a similar number stopping in liquid deuterium. The K° beam will then be
altered to allow a more detailed study of the interactions in fhght of K~ mesons
w1th protons and deuterons.

3. INTERACTIONS OF ANTIPROTONS WITH PROTONS

- The electromagnetic separator mentioned above was set to pass antiprotons,
rather than K~ mesons, and we observed one antiproton stopping in the 40 cm
chamber for every 150 pictures. Before the generator breakdown, about 100 anti-
protons had been observed to stop in hydrogen. A similar experiment, using
deuterium, will be performed in the next few months. The average multiplicity
of the charged prongs is 3.2. One case has been found in which a pair of neutral
K mesons (K° + K°) is observed as annihilation products.

4. CATALYSIS OF NUCLEAR FUSION
REACTIONS BY MUONS

As mentioned earlier, the main contamination in the original K~ beam was a
flux of negative muons. While scanning for K~ interactions, we observed an un-
usual type of event, ° which looked much like the decay of a negative pion at rest,
followed by the decay of a negative muon at rest into an electron. Such a reaction
is, of course, impossible in hydrogen, since the well-known Panofsky reactions
destroy the pions before they can decay at rest. Further studies showed that the

"primary particle that decayed was the negative muon, as shown by its terminal’

curvature. The secondary particle, which had a range of 1.6 cm rather than the
1.0 cm characteristic of the muon from a v decay, was a muon, as shown by its
decay electron spectrum. It was then shown that the reaction was. one that had
been proposed a number of years ago by Frank, ® and more recently by Zeldovich. 7
The reaction is one in which the negative muon catalyzes the fusion of a proton and
deuteron to form He The energy hberated in the reaction is given to the muon,
so that it appears in the chamber-as an 'internally converted muon.' A number of
checks were made to show that this was indeed the reaction being seen. The
deuterium concentration was increased, and the fraction of stopped muons that
acted as catalysts increased as expected. As a final confirmation, three cases
were observed in which one muon catalyzed two separate fusion reactions before
undergoing its natural decay.
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order for such an asymmetry to be:: n, the hyperons must first of all be produced
in a polarized condition relative to'the production plane, and second, parity must
not be conserved in the decay process. In the case of the directly produced A
“hyperons, a large up-down asymrt y was observed, and the maximum value of
the product of the polarization and:-the asymmetry coefficient was 0.77 = .16. No
:s1gmf1cant asymmetry was observedin the decay of Z hyperons of either charge;
our failure to observe an asymmetry could be due either to an: absence of polari-
zation, or to a very small value the parity-nonconserving term in the decay.
A study of the decay of Z hype:i s-produced by the interaction of K mesons and
_protons is now under way, usm' d: tamed from the most recent run in the
40-cm: chamber s
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