
LETTERS TO THE EDITOR

our Ggures suggest that a large proportion of the observed Rux is
rIot a true primary Qux of light nuclei but secondary in origin.

An experiment is now in progress to test the above assumptions
by observing the proportion of lithium, beryllium, and boron
fragments produced by interactions of primary nuclei occurring in
the plastic (cellulose acetate) layers of a stripped emulsion-plastic
stack.
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&HE total ionization of n particles of Po has been measured
in the following mixtures of gases: A —N2, A —H2, A —CH4,

A —C2HgOH, A —C6H6.
The experimental apparatus consisted of a gridded ionization

chamber attached to a gas purifier. The puri6cation of argon,
nitrogen, and methane was done with continuous circulation of the
gases over Ca —Mg turnings kept at 300-400'C. The hydrogen
was circulated over Mg only. In the mixtures of argon with
C2H~OH and CSH~ the previously puri6ed argon was added to the
other gas which had a purity higher than 99.9 percent. The pres-
sure in the chamber was such that the 0, particles lost all of their
energy in the sensitive volume and a Geld was produced that
assured the complete collection of the electrons. The ampli6cation
chain consisted of a preampli6er and a Bell and Jordan ampli6er'
or a Model-100 ampli6er. m The pulses were analyzed with an

amplitude discriminator.
The results of our measurements are shown in Figs. 1 and 2. The

ratio Ws/W between the average energy expended in producing
an ion pair in argon and that in the mixture is plotted as a function,
of the parameter s=s&pr/(s|p&+ssp2), where si and ss are the

stopping powers of the two components and PI and P2 their
pressures. It can be shoe n that the ionization in the; mixtures is a
linear function of z if it is assumed there is no interaction between
the components of the mixture itself. It is seen in Figs. 1 and 2
that the ionization rises rapidly with z and reaches a maximum at
percentages of about 2 percent, 0.2 percent, and 0.2 percent for

CH4, C&H&OH, and C6H6, respectively. The ionization exceeds
that in pure argon by 1.5 'percent, 15 percent, and 21 percent
respectively. These results can be interpreted by assuming that the
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FIG. 1.Variation of R'A/W~ with s. The dotted line shows the variation of
ionization in the mixture on the assumption of independent ionization of the
components. The stopping powers used are: s(A) =0.95, s(C6H6) =3.33,
s (CgHSOH) =2.02.
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FIG. 2. Variation of SAjR m with s. The dotted line shows the variation
of ionization in the mixture on the assumption of independent ionization of
the components. The stopping powers used are: s(A) =0.95, s(CH4) =0.91.
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E have completed an experiment to determine the shape
of the energy spectrum of electrons from the decay of the

p meson. Pi mesons from a paraffin target in the gamma-ray beam
of the M.I.T. synchrotron passed through an argon-611ed cloud
chamber, at one wall of which was an anthracene scintillation
counter (see Fig. 1).The magnetic field in the cloud chamber (9000
gauss) selected a broad momentum band of positive pions which

crqssed the chamber and stopped in the anthracene crystal or the
Lucite light-pipe behind it. The positron from the subsequent
x —p, —e decay was then visible if it came out in a favorable
direction.

Out of 4350 pictures, 830 showed clearly-associated meson and
electron tracks. Rigorous selection criteria were necessary to avoid

biasing the sample. The lower limit of acceptable initial kinetic
energy was set at 20 Mev. Each event was reconstructed graphi-
cally and required to pass the following tests: (a) the calculated
electron trajectory in the Lucite must intersect the known end

point within stated limits; (b) any electron of energy between 20
Mev and 52.4 Mev having the initial direction determined from
this trajectory must have a path in the Lucite plus anthracene of
less than 4.2 cm; (c) any electron with this initial direction and
with energy between 20 Mev and 52.4 Mev must have a visible
track in the cloud chamber of more than 5 cm of arc. Consideration

excited atoms of argon transfer their energy, during a collision, to
atoms of foreign gas and ionize them: A+S—+S++A+e, where S
indicates a molecule of foreign gas (CH4 or C2H~OH or C6H6). This
process is possible because the ionization potentials of foreign gas
are lower than that of argon. A, CH4, C2HhOH, and CGH6 have
ionization potentials of 15.4, 14.5, 11.5, and 9.6 volts, respectively,
andit can be seen that the lower the potential of the foreign
gas, the higher is the maximum ionization of the mixture.

It can further be noted that at the conditions of pressure and
temperature in which the mixture was studied, the time of collision
of an excited atom of argon with one of foreign gas is ~5)&10 "
sec, considering that an excited atom has a collision cross section
ten times the geometrical cross section. '

The curves of Wg/W for A —H2 and A —N2 mixtures are in

agreement with the measurements of Haeberli, Huber, and
Baldinger, ' and Valentine and Curran. ' In these mixtures the
ionization values can be understood when the ionization of 8 rays
is taken into account. '

A more detailed description of the results is to be published in
II %novo cirneefo.
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FrG. 1.Schematic plan view of the cloud chamber and scintillation counter-
the large circle is the outer edge of the magnet coil.

of a number of possible effects has convinced us that there is no
appreciable bias in the sample thus obtained. Of the 830 tracks,
280 satisfied these criteria.

The momentum of each track was obtained from coordinate
measurements on the photographic film, plus geometric measure-
ments on the reprojected image, taking into account the correc-
tions for conical projection, gas motion during expansion, radial
component of the magnetic 6eld, and variation of the 6eld along
the track. The initial energy was then obtained by adding to the
observed energy the collision loss of the electron in the Lucite and
anthracene.

We compare our results with the energy spectrum which has
been calculated from the direct-interaction theory of the decay of
a muon into an electron and two neutrinos. ' The spectrum,
neglecting some small terms, may be written

4E 4
P(E)dE= 3(W E)+2p —E—W dE—,S'4 3

where W is the maximum possible electron energy and p is a
parameter which could have any value from 0 to 1 depending on
the nature of the interaction assumed. To take account of the
radiation loss of electrons in the Lucite plus anthracene (the mean
path length was 0.069 radiation length), we have integrated over
this spectrum with a radiation-loss distribution function. 2 This
"smeared-out" set of spectra should then be directly comparable
with the experimental spectrum, and indeed a good 6t proves to be
possible.

The value of p and the corresponding standard error (which in-
cludes the uncertainties in W and in individual momentum esti-
mates) are found by the method of maximum likelihood. s Using
the new value of the muon mass, 4 ns„=207.0~0.6m„we 6nd
p =0.50~0.12; that is, the spectrum does not go to zero at the end
point. This agrees with Bramson, Seifert, and Havens, ' whose
result, when corrected for m„, is 0.48+0.13.

Previous results, 6 8 when corrected for the new meson mass
(and, in references 6 and 1', for radiation loss) appear to be con-
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Unusual e —p Decays in Photographic Emulsions, W. F.
Fnv /Phys. Rev. 86, 418 (1952); 91, 130 (1953)j. Because of an
oversight, a reference to the work of IoRe and Rudick' concerning
the y-ray emission from x —p decays was not included in these
publications. The results of the calculations of IoGe and Rudick
are in general agreement with the experimental observations.

1 B. Ioffe and A. Rudick, Doklady Akad. Nauk. S.S.S.R. 82, No. 3, 359
(1952).

Scintillation Study of As" and Br", M. E. BLINKER R. J.
PRESTWOOD, AND J. W. STARNER LPhys. Rev. 91, 1021 (1953)).
The third line in the second column on page 1021 should read".. . a discriminator potential of 6 volts (~26 kev) is much too
broad. . . ."The numeral 6 is missing from the printed text.

Phase-Shift Analysis of High-Energy P-P Scattering Experi-
ments, A. GARREN LPhys. Rev. 92, 213 (1953)g. To fit the
experimental data, the value of (sage]& quoted in this Letter
should be +0.30+0.08 rather than 0.40+0.12. (Also, the
column labeled g in Table I should have been labeled —g.)
The phase shifts consistent with this value are shown in the
accompanying table. Correspondingly, the shaded area in
Fig. 1 should be a little lower on the diagram.

TAaLc I. Some phase shifts (in degrees) at 213 Mev consistent with
isotropy, 0 (8) =4.97 mb/sterad, y = -0.30+0.08.


