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The fraction of Eo decaying by the p++ z mode
was taken to be 0.34+0.02.'

The E, mean life obtained from these events is
(0.87+0.18)x10 'o sec, in agreement with other
experiments. ~

Figure 1 shows the cross section as a function
of K laboratory momentum. The solid curve
represents the charge-exchange cross section as
evaluated from the S-wave, zero-effective -range
approximation, ' which fits the data satisfactorily.
The dashed curve is the charge-exchange cross
section (with arbitrary ordinate) predicted by
Pais' in his theory embodying opposite parities
for charged and neutral K's. There is in this
theory a free parameter t which can range from
-1 (the prediction of perturbation theory) to +1.
%e have plotted X = -1 as being the theoretically
simplest choice (it also fits the data best). It
can be seen that our data are inadequate to dis-
tinguish between the two curves. Both curves
have been modified to take into account the mass
differences. For the effective-range theory this
was done simply by the introduction of a factor
pfi~i/t;»t;ai into the cross sections. These
effects dominate near threshold and tend to ob-
scure the swift p rise which would otherwise be
characteristic of the Pais theory.

Figure 2 shows the angular distribution as a
function of momentum. The S-wave effective-
range theory predicts, of course, isotropy. The
dashed curve is the Pais prediction from g= -1,
P&-180 Mev/c Chi-.stiuared tests on the ex-
perimental angular distribution show a probabil-
ity of about 5% associated with either the iso-

tropic or Pais hypotheses.
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FIG. 2. Angular distribution of K -hydrogen charge-
exchange scattering vs K laboratory momentum.
Each dot represents an event. A histogram appears
at the right. The curve represents the prediction of
the Pais theory for X = -1 at a momentum of 180 Mev je;

In a stack of 22 liters of Ilford Q5 emulsion
flown by a Skyhook balloon for 18 hours above
110000 feet from Bxownwood, Texas, a nuclear
interaction initiated by a proton of type 6+ 16
was found. The angular distribution of the 1
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FIG. l. Angular distribution of shower particles
for primary event 6+ 16p. F is the fraction of part-
icles in the laboratory system found in a cone of half
opening angle g.

shower particles is shown in Fig. 1. It indicates
that the primary energy is probably between 10'~

and 10" ev. Between the three innermost tracks
of the forward cone, at a distance of about 4 mm
from the origin, an unusually energetic electron-
yhoton cascade is initiated which could be fol-
lowed for 22.6 cm [=7.8 c.u. (cascade units)]
in the stack. The longitudinal and the lateral
development were investigated by drawing target
diagrams of the electrons after 4, 5.6, and 7.1
c.u. The results are shown in Table I. The
density Il (r) of the electron tracks could be
measured down to very small distances from
the cascade axis (~10 ' radian). No evidence of
a double or multiple core structure could be
found. It ~~y, therefore, be assumed that this
cascade was started by one single high-energy
wo decaying into y-rays. This conclusion is fur-
ther supported by the low meson multiplicity in
the primary event which makes the probability of
finding two high-energy s' mesons within the solid

angle of 10 ' radian fairly small. Only one
small secondary nuclear interaction of the
shower particles was found. Its influence on the
cascade is negligible. The cascade can, there-
fore, be regarded to be purely electromagnetic
in nature. Hence a comparison with electro-
magnetic theory can be attempted. The longi-
tudinal development was compared with approx-
imation A of Rossi and Greisen. ' The lowest
energy E of the cascade electrons counted in
this experiment was determined by multiyle-
scattering measurements. The extrapolation of
the electron density distribution beyond the
largest distances R quoted in Table I was carried
out and corrected after Pinkau and Eyges and
Fernbach. ' The 1ong~tudinal development is in
good agreement with approximation A for a
primary energy of 2.5x 10 ev for the go which
does not deyend critically on the way the energy
is shared by the four electrons. In Fig. 2 the
integral number of electrons at 7.1 c.u. from
the origin is plotted against the distance y from
the cascade axis. Using the theoretical com-
putation developed by Nishimura and Kamata~
and calculations by Pinkau, ' one obtains an en-
ergy of 2.4x 10" ev from Fig. 2 which is in
satisfactory agreement with the estimate based
on the longitudinal development mentioned pre-
viously.

integral number
of electrons
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Table I. Development of electron-photon cascade.
I=distance from primary event in cascade units.
N= number of tracks wit&&~ distance R in microns from
the axis of the cascade. V = quantity defined by Eq. (1).
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FIG. 2. Lateral distribution of electrons at a dis-

tance of V. 1 c.u. from the primary event. r=dis-
tance from cascade axis. ~ =experimental results.
Solid curve=distribution function calculated by
Piakau. ~
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The radial density distribution of electrons at
t =4, 5.6, and V.1 c.u. was measured between
r =10@, (8.5 x 10 4 c.u. ) and the value R tooted in
Table I. For each value of t the „density distribu-
tion can be fitted by a power law:

D(r)~r y,
where y is slowly increasing with y. The average
exponent y in the indicated interval is given in
Table L The measured values of y are in agree-
ment with the distribution functions close to the
shower axis as calculated' by ¹shimura and
Kamata,

ll(Z„r, t)

with s defined by

1.,~(s)f+ in(Z, r/Z) = 0,

in the notation of Rossi and Greisen. Our meas-
urements do not show any significant deviations
from electromagnetic cascade theory at a pri-
mary energy of 2.5x 10' ev. Pomeranchuk
and Migdalv also obtained Eq. (2) from their
theory. Their value of s is defined by

g, '(s) t+ lng, /@) = 0. (4)

Our observations, however, are not in agreement
with these results.

One of the three innermost tracks in the for-
ward cone undergoes a secondary interaction of
type 4+29 after 7.5 cm. Its energy can be esti-
mated9 from the angular distribution of the 29
shower particles to be 5x10" ev using

5
lny =-—P ln tane. +in C, (5)

C n i 1 i

with Q =O.V as determined experimentally and
discussed elsewhere. ' Within a cone of half
opening angle 1.7 x 10 * rad from the axis, we
found four high-energy electron pairs originating
at distances less than 1 c.u. from the primary
event. They are attributed to two g mesons.
Their energies can be estimated both from
Pinkau's' method and from the angular separation
of the pairs. One obtains for the m mesons en-
ergies between 100 and 500 Bev. The energy of
these z 's and the secondary interaction are
smaller by a factor of 50 to 100 compared with
the go starting the main cascade.

Assuming a primary energy of 5 x 10'~ ev
(y~=500), we would obtain for the high-energy
g meson in the center-of-mass system an en-
ergy of at least 25 Bev which is unusually high.
Lowering the primary energy would even increase
this value. An alternative explanation of the event

would be a reaction of the kind.

p + + lt + + + % + 7l + W + ~ .~,

Z y+A,
where the primary proton emerges after the
collision as a Z of very high energy. A lower
limit for the primary energy under this assump-
tion is 2 x 10'» ev. This explanation would avoid
the very high energy of the go meson in the center-
of-mass system. Due to the very short lifetime
of the Zo, it also offers a somewhat better ex-
planation for the short distance between the pri-
mary event and the origin of the cascade.

This event seems to be the highest energy pro-
ton collision in nuclear emulsion which has been
described so far, since all the other events
known to us with energies greater than 10'~ ev
Iper nucleon were produced by e-particles. " '3

It shows that the primary yroton spectr~~~ cer-
tainly extends to these very high energies.
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In a recent note of Pais, ' the question has been
raised as to the conservation of parity, P, in
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