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EXAMPLE OF THE DECAY A°»p+u”~ +7*

F. Eisler, J. M. Gaillard,T J. Keren, M. Schwartz,¥ and S. Wolf
Columbia University, New York, New York, and Brookhaven National Laboratory, Upton, New York
(Received July 25, 1961)

The decay A°=p+u~+V, while expected, has
not yet been reported to the knowledge of the au-
thors. We report here a clear case of such a de-
cay found in an exposure taken in the 20-in. BNL
hydrogen bubble chamber.

The exposure was taken in a carefully con-
structed 7~ beam of energy 900 Mev and resolu-
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FIG. 1. (a) Photograph of the event. (b) Tracing of
the pertinent tracks (reduced).
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tion 0.15%. The beam energy has been further
confirmed by the analysis of over 1000 normal
A°K® events. A picture of the event is shown in
Fig. 1. The incident beam track, (1), interacts
at a position 13 cm inside the chamber entrance
which corresponds to an energy of 900 Mev. The
A° (2), goes 5.6 cm before decaying, a distance
less than 2 mean lives. Track (3) is a proton.
The p -, track (4), goes 9.6 cm before coming
to rest and decaying into an electron, (5), which
leaves the chamber through the top window.

Four views of the event are available and were
used in the measurement. The measurements
and assigned errors are given in Table I.

From the production angle of 16°+0.8° and
known beam energy, the A° momentum is 495113
Mev/c. Under the assumption of the decay A°
-p+u~+V, the calculated neutrino energy from
momentum balance is 79+ 15 Mev/c, giving a
total final A° energy of 1223 Mev + 20 Mev from
summing the energy of its decay products. This
energy and the momentum taken above, yield a
mass for the A® of 1118+ 21 Mev, in good agree-
ment with the known A° mass.

The competing decay sequence A°>7"+p, 7~
- u~+7 is found to be very unlikely. The major
points against this interpretation are as follows:

(a) The proton momentum would have to be 475
+ 20 Mev/c for this interpretation to hold. It is
measured as 412+ 20 Mev/c.

(b) If one assumes a pion to have been pro-
duced, then its direction would have been such
as to make too large an angle with the u, by
about twice the measurement error.

(c) There is less than 1 mm of possible flight
path for the 7~ since no sign of it is detected
visually. The mean decay path for a 7~ with
the required energy would be 5 meters.

The above combine to give this interpretation
a probability of occurrence of the order of less
than 1073,

Other possibilities for this event are:

(1) It originates at the wall of the chamber,
rather than at the observed pion ending. It would
have had to travel 5 mean lives before decay.

(2) The A° scatters in the chamber before de-
cay, with no visible recoil.

Each of these possibilities seems even more
remote than the one previously explored since
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Table I. Summary of measured data.

Tracks Length measured (cm) Azimuth (deg) Dip (deg) Momentum (Mev/c)
(‘ﬂ'-)in (1) 2,5 62.5+0.5 89.8+1.0 10302
A (2 5.6 50.6 +0,2 100.8+0.4 4954152
P (3) 23.0 56.3£0.3 110 0.4 412 £20
(4) 9.4 50.8+1.5 40.5+1.5 56 £1 (range)

aFitted quantity.

one must still require the decay of the pion with-
in 1 mm.

From these different results, we conclude that
this event has to be interpreted as a muonic de-
cay of the A° particle. Theoretically, the rate
for this decay mode is predicted to be 2.4x1073,!

The above-described event is one of a sample
of 3000 A”s presently being analyzed. Our sys-
tematic study of these events has as yet not been
completed and we cannot set an upper limit on
the rate of the decay.
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CHARGE ASYMMETRIES IN THE ANGULAR DISTRIBUTION OF 7 AND K MESONS
FROM ANTIPROTON ANNIHILATIONS IN FLIGHT

B. C. Magli¢, G. R. Kalbfleisch, and M. L. Stevenson
Lawrence Radiation Laboratory, University of California, Berkeley, California
(Received July 27, 1961)

Presented here are the results of our search
for a difference in the angular distributions of
negative and positive 7 and K mesons produced
in pp annihilations, at the center-of-mass mo-
mentum of 657+ 16 Mev/c (1.6 Bev/c in the lab).
There have been no direct theoretical predictions
for such a difference. The statistical model pre-
scribes an isotropic distribution for mesons of
all charges.! However, the model of Koba and
Takeda®? assumes that 2 or 3 annihilation pions
are emitted from the antiproton and proton clouds.
For annihilations in flight, the instantaneous mo-
mentum of the pions from the p cloud will have a
component parallel to the p momentum, in addi-
tion to their internal momenta. Since the model
assumes that the pion cloud does not interact with
the annihilation of the cores, it is reasonable to
expect this component of the pion momentum to
produce an excess of 7~ over 7' in the antiproton
direction (forward). An equal excess of 7t should

also be expected in the direction of the proton
(backward). Evidence for such an effect has been
scarce prior to this experiment. Angular distri-
butions of pions of both charges from pp annihila-
tions in propane at a ¢c.m. momentum of 470 Mev/c
(1.05 Bev/c lab) have not shown statistically sig-
nificant deviation from isotropy.® A study of pp
annihilations into two pions* at our momentum is
also consistent with an isotropic distribution (8 7~
emitted forward, and 12 7~ emitted backward).
However, annihilations into K¥K~ pairs* suggest
forward peaking for K~ (8 of the 11 K~ were emit-
ted in the forward direction).?

Our analysis was done on two samples of events:
(i) 1620 events of the type p+p ~nm, withn=4,5,
..., 8; and (ii) 287 events of the type p+p ~K +K
+nm, withn=1, 2, 3, and 4—in which at least one
of the K mesons was observed to decay in the
chamber. These events were observed inside a
central volume of the 72-in. hydrogen bubble cham-
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