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MESON BEAM

GLASS

EMULSION

front of the detecting plate to stop the x-mesons before
there was any chance for them to enter media in the
detecting system less dense than copper.

The entire apparatus was mounted on a cart which
was moved through an air lock into the cyclotron tank,
where the experiment was performed.

~2cl1l~
Cu BLOCK TO
ABSORB PIQNS

Fro. 2. Plate holder and emulsion for detecting the negative
muons. Lead shielding was also placed under this plate holder to
prevent mesons scattering into the emulsion from below.
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FIG. 3. Range histogram of p-mesons. The solid line histogram
is the observed distribution. The dashed line shows the computed
distribution expected if a11 of the p,-mesons are produced in the
target. The dotted line histogram, obtained by subtracting the
dashed line distribution from the solid line distribution, is the least
possible number of p,-mesons which could originate from decay in
Bight. The area between the dotted and the solid histograms
represents the maximum number of p-mesons observed which
could have been produced in a primary process in the target.

separated by range into two groups. One plate con-
taining both the pions and muons admitted by the
channel was scanned to obtain the muon-pion ratio used
in estimating the upper limit on the cross section for
direct production. However, without the rectangular
block, some ~-mesons were able to reach the p,-range
portion of the plate by scattering into the glass backing
the emulsion, or the cracks between the absorber and
the emulsion, in which ranges are greater than in copper,
so that when these mesons again scattered into the
emulsion, they ended in the section of the plate con-
taining the muon distribution. To eliminate this +-
contamination, the rectangular absorber was placed in

RESULTS

Following a 10-minute exposure, 369 p-meson endings
were observed. Their distribution in range is shown by
the solid line histogram in I'ig. 3. In addition to these a
number of mesons were observed, which formed stars.
In line 1 of Table I, these mesons are classified by the
number of prongs in the stars they produce. In order to
compare our star prong spectra with those of Ad'elman
and Jones, ' Menon, ' and Adelman, ' the definition of a
star prong used by these experimenters has been
adopted for this study. According to their definition,
any track of length greater than one micron, and having
a well-de6ned direction of emergence from the star
center, is a prong.

Two sources of pion contamination are known. A few
high energy pions scatter into the channel. Also, there
appear to be pions produced in the shielding, probably
by neutrons. This is indicated by the fact that of the six
negative mesons which entered the emulsion at angles
greater than 90' to the muon beam direction, only two
were p-mesons, while four formed stars. Also, one meson
was found entering the emulsion at greater than 90'
which underwent x —p decay.

An attempt was made to distinguish between star-
forming muons and the pion contamination, by grain-
counting all of the mesons which formed stars, and a
sample of the non-star-forming mesons. Although groups
of predominantly m-mesons could be separated from
groups of p,-mesons by this method, the resolution was
not sufhcient to determine whether an individual meson
.was a pion or a muon.

Correction for the pion contamination was carried
out in the following manner: all stars of three or more
prongs were assumed to be due to pion capture, since
their distribution is consistent with the known prong
spectrum of pions and because the excitation imparted
to the nucleus by muon capture is expected to be small.
Normalizing to the total number of three and more
prong stars, the numbers of two, one, and zero prong
stars, which would most nearly 6t an Adelman distribu-
tion, ' were computed. These numbers (shown in line 3 of
Table I) are subtracted from the observed distribution
to deduce the number of muons ending in the plate. The
results are shown in line 4 of Table I. The probable
errors which have been assigned to these numbers have
been computed from the formula for the probable error
of the diGerence between a Poisson variable (the ob-

s P. L. Adelman and S. Jones, Science 111,226 (1950).
4 Menon, Muirhead, and Rochat, Phil. Mag. 41, 583 (1950).' F. L. Adelman, Phys. Rev. SS, 249 (1952); see also line 2 of

Table I,





DORA F. SHERMAN

FIG. 5. One of the small two-prong stars, in which each prong is
only 3 microns long.

silver and bromine. Several experimenters' (including
the author) believe that some of these pronglets are too
heavily ionizing to be electrons, which suggests as an
alternate interpretation that some of these events are
6ssion type disintegrations. In addition to these, two
two-prong stars were found in which the prongs were
only two or three microns long (see Fig. 5). These
prongs are too heavily ionizing to be electrons, and of
too short range to be protons escaping the barrier of a
still intact nucleus. They appear to be fission of a light
nucleus. Although such stars are not a frequent conse-

quence of x-meson capture, the possibility that these

may have been caused by m-mesons cannot be excluded.

George and Evans, " exposing plates underground to
cosmic rays, found 0.6 percent of the stopped negative
muons forming small two prong stars.

' E. P. George, private communication, and reference 7.
"E.P. George and J. Evans, Proc. Phys. Soc. (London) A64,

193 (195i).

The energies of the mesons detected in the plate were

measured by their ranges in the copper absorbers. The
solid line histogram in Fig. 3 shows the observed range
distribution of p-mesons in the plate. The dashed line

histogram in the same figure is the range distribution of
p-mesons which would be expected if the p,-mesons were

produced in the target. This curve was obtained from an
observed range distribution of m-Inesons selected by the
channel from a target of the same dimensions as the one

used in this experiment. The ranges of p-mesons having
the same momenta as the z-mesons observed were

computed and the relative abundances in each mo-

mentum. interval of the spectrum plotted for these

ranges.
An upper limit on the number of directly produced

muons may be estimated by considering the observed
distribution as the sum of the muons produced directly
in the target, and the muons arising from decay in Qight

of pions near the target. The spectrum of these latter
muons should be as if they originated from a wide,
di8use target centered at the real target. In particular,
the distribution should not be double peaked, nor should

its peak, if it has one, be displaced from the peak of a
distribution from the real target. Keeping the decay-in-

sight spectrum subject to these conditions, the maxi-

mum number of muons which could have come directly
from the target was determined.

The resulting decay-in-Qight spectrum is shown by the
dotted line histogram in Fig. 3. The number of mesons
between the dotted line and the solid line is the maxi-

mum number which can have been directly produced.
This number may be compared with the number of
x-mesons produced in the same solid angle and mo-

mentum interval to obtain an upper limit on the ratio
of the cross sections do/dQdP for muon and pion pro-
duction. For this, a plate which had been exposed
without the absorber A of Fig. 2 was scanned and the
ratio of muons to pions admitted by the channel was

found to be 0.13. Of the muons, 12 percent is the
maximum fraction which could have been directly
produced in the target. Therefore, the maximum value
of do/dQdp at pc=129 Mev in the forward direction is

0.015 times the cross section for negative pion produc-
tion in the same interval.
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photographs of Figs. 4 and 5, Dr. %alter Barkas for
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Barkas and Dr. Frank Adelman for many helpful dis-

cussions throughout the course of the experiment.






