414 LETTERS TO

penetrates the second lead plate and then becomes very
thick and passes out of the front of the chamber may be a
proton. The upper part of the track appears slightly
brighter than the neighboring rays. This would indicate
that the particle was a proton. On the other hand the ray
is coming towards the cameras and is the only one which is
in the very front of the chamber, and the brightness of the
upper part of the track may be due to these two conditions.
If this is true the particle is a mesotron. The great increase
in ionization in passing through the plate is a little larger
than that usually observed for a proton.

A ray on the left-hand side passes through two plates
without producing secondaries and then disappears in the
back of the chamber. This particle is either a mesotron or
a proton. A ray to the right passes through three lead
plates without producing secondaries and is either a meso-
tron or a proton. It passes out of the back of the chamber.
The ray bounding the right-hand edge of the shower passes
through one lead plate without producing secondaries and
passes out of the back of the chamber. This might be an
electron but is more likely to be a heavy particle.

The shower might be interpreted as a nuclear disintegra-
tion where all the fragments were protons of high energy.
On the other hand most disintegrations of this type send
particles equally in all directions. The most likely interpre-
tation seems to be that the incoming particle is a proton of
high energy and the shower consists of mesotrons.
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URING July, some 5000 photographs have been taken
with a cloud chamber in a field of 1165 gauss at an
altitude of 15,500 feet at San Cristobal mine, Peru. As a
complete discussion of the results obtained may not appear
for some time, it seems desirable to report now on one
picture of some interest. The numerical results given here
are those reported at the cosmic-ray symposium in Rio de
Janeiro, August 3-9, and are admittedly rough, there
having been no opportunity as yet for precise measurement
of the film.

Figure 1 shows several shower electrons, a contamination
a-particle and a positive-negative pair of heavily ionizing
particles. Stereoscopic examination shows the pair to be
in the same plane, which is not the plane of the other tracks,
and proceeding from a point in or near the front glass plate
of the chamber.

The right-hand particle (negative) has an Hp value of
1.03X10° gauss cm. Its ionization (estimated from the
original negative) is about 4 to 6 times the electronic
minimum. Corresponding to this variation, the calculated
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FiG. 1. Slow mesotron pair.

mesotron mass will range from 160 to 196 electron masses.
The ionization density can also be estimated from the fact
that it is very nearly equal to that of the knock-on electron.
The known range of the latter (hence its velocity) gives an
ionization value of 4.5. A value equal to this for the
mesotron results in a mass of 170. The particle cannot be a
proton, for with the Hp value observed it would have a
range of only 1.2 cm in the chamber.

The energy and angle of ejection of the knock-on
furnishes an additional independent mass determination.
As it ends in the chamber its range, and hence its energy,
can be easily obtained, the latter being 34 kev. The angle
of ejection is estimated as lying in the range 50°-60°, which
gives a mesotron mass of 189424, If the incident particle
were electronic, the knock-on energy would be 320 kev at
60° and even more for smaller angles—an impossible value.

The mass of the left-hand (positive) particle cannot be
fixed as accurately as the other for there is no knock-on
and the curvature is not as constant. For the present it
must suffice to say that the ionization and Hp values are
very close to those of the negative particle and the mass is
of the same order of magnitude—about 180 electron masses.

Though later calculations will probably change to some
extent the quantitative results, it seems reasonable to
conclude that we have here observed the creation of a
pair of slow mesotrons (KE=~5 Mev) either in the gas or
glass wall of the cloud chamber. The production of meso-
trons at this altitude has also been shown by the occurrence
of related penetrating, non-multiplying rays in cloud
chambers. Dr. Wollan has observed several such cases
during the present experiments. The results with the mag-
netic field, however, furnish in addition information on
the mass and energy of the particles. About sixteen heavy
tracks with measurable curvature have been obtained and
will be reported on later.
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