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if the ions have already a nearly uniform energy, because the
losses may be avoided, which always otherwise arise, if the rays
hit the screen, which limits the small interval of energy.

(4) The electric field between the cylinders (D) and (E), which
accelerates the positive ions of the substance, will be formed so
that it works as an electron-optic lens and produces a nearly
parallel beam of rays.

We have tried out such an arrangement, and found it to work
most satisfactorily. The intensity is dependent on the trial-
substance and was large for metals and smaller for salts. The
analysis in the parabola-spectrograph shows the ions of the trial-
substance and the ions of the primary canal-ray discharge, all
having the same energy.
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'HE known processes resulting from the interaction of
p,-mesons with other elementary particles:

~P,+Pop (1)
P~tjio+ ~+ I', (2)

I'+p ~E+p,o (3)

give very little indication on the spin of p-mesons. We can only
say that p, and p& have both integral or half-integral spin.

As in all these processes p appears together with po we shall
assume that they are two different states of charge of the same
particle and thus that they have the same spin.

The possibility of a spin ~~ for these particles has been already
considered' (in particular if po is a neutrino). Although the hy-
pothesis of po being a neutrino is very appealing, it seems that one
should not neglect the other possibilities, in particular that it has
an integer spin. From the analysis of the frequency of bursts
produced by cosmic-ray mesons at sea level {mostly p-mesons),
Christy and Kusaka~ excluded the value 1 for the spin of these
mesons. If we exclude values higher than 1 (which may eventually
result from an extension of Christy-Kusaka's calculations) we are
left only m'ith the values 0 and ~.

We want to show here that a zero spin for the p-meson with a
special type of coupling with electron, neutrino and nucleons is in

good agreement with the experimental results.
Let us consider first the p-decay. We describe p, and po mesons

by scalar {or pseudoscalar) fields, respectively complex (4) and
real {q). In order that pc-decay be a first-order process we take the
interaction Lagrangean bilinear' in the mesonic fields; the most
general one that can be formed using at most first derivatives4 of
the mesonic fields cod of the electron-neutrino wave functions

(4)' is:

gi 0'+ w V +2 Yp —+& & iit' (4)
g2 $94 g3 Bp
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where ~=pc/It and y~, =i(pter —y,yp), 7. being an operator that
transforms an electron into a neutrino. The probability per second
of p.-decay in which the electron is produced with a momentum
in the interval p„p,+dp, is then proportional to:

dP, ]gI 'fi —+tggI, 'f2 —' + g3)'f3—

+-(gig2*- g2gi*) fI3 —'
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The functions f are shown, for p,o
——0 as consistent with the experi-

mental results, &~ in the upper left part of Fig. 1; the experi-
mental points of Anderson and co-workers are also plotted in an
arbitrary scale. It is seen that the only one of the simple couplings
which gives a spectrum in agreement with the experimental points
is the one in g2. This agreement may be emphasized if one com-

pares the integral spectrum ( E,'I 2'' —3E,j) with the experi-
mental points, as is done in the lower part of Fig. 1.

If we consider now the capture of a p;meson by a nucleus we
calculate the nuclear excitation as in case of spin $,I using for the
interaction of p, po-mesons with nucleons an expression similar to
(4); we then obtain a spectrum of nuclear excitation very similar
to that of the case of spin ~~ and, then, also the result that the
probability for star production is very small. '

One then concludes that the possibility of spin zero for po-mesons
is in good agreement with the experimental results and should not
be disregarded for the moment.
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Counting Experiments
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'HE use of the delayed coincidence method for measuring
short half-lives by several investigators' ' makes a re-

examination of the basis of the experiment desirable. The coin-
cidence counting rate eersus delay curves exhibit two regions. The
first is affected by the random delays in the counter itself, and the
second is a pure exponential decrease determined by the radio-
active decay. Van Narne3 ~ analyzed the combination of these
eBects by assuming a triangular distribution for the delays in the
counter but found it necessary to divide the range of artificial
delays into six regions. A Gaussian distribution will be used here,
hand a fairly simple relation mill result,


