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TAsr.E II. Comparison of observed branching ratios for decay of
E+ mesons produced and observed under diferent conditions.
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a D. M. Ritson et a/. , Phys. Rev. 101, 1085 (1956).
b J. Crussard et a/. , Nuovo cimento (to be published).
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consistent with E 2 and gave a mean of 163&7 Mev
for pPc. We have then E,s (4/5)(11/——42)(152/173)
= 18%. As for the population of E„s,we have 6 cases
from the Eg class (their energies are 47, 35, 30, 24, 17,
and 15 Mev, respectively) and one from the EL class.
The lower limit for E„sis then 7/173 =4%. If we prorate
the E„3in group II according to the one found among
the Qat cases, there should have been a total of two in
the 11 cases of this category. If we further assume that
the spectrum of the p is given by phase space considera-
tions, we find that 65% of all E„ssecondaries should
fall in the EL, class; then, according to the number found
in the Eg class, we should have been able to identify
one among the E~ class with our acceptance criteria.
Our observation of one is thus consistent with the phase
space assumption. In fact, assuming that the spectrum
is of this form and using only those in the EG class,
we find the proportion of E„s=17/173=10%.Our
final results are tabulated in Table I.

It is of interest to compare our results with those
obtained at other laboratories under diGerent conditions
of exposure. This comparison is made in Table II, in
which the conditions of production, mean moderation
times of E mesons (in their rest frame) and ratios of
various decay modes are given. Though in each instance
the data are statistically not very good, especially for
the E„3,E,3, E 3, and v modes, the inference seems to
be that the observed ratios of E+ decay modes (particu-
larly E» and E &) are relatively independent of the
production mechanism and the moderation times, at
least for times as short as 10 "sec. This suggests that,
if indeed the E+ meson class is a mixture of two basic

types, one decaying to the other as suggested by Lee
and Orear, ' the lifetime for this decay must be signifi-
cantly less than 10 "sec.
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S is well known, when negative E-mesons are
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brought to rest they undergo capture in the
atomic orbits and finally nuclear absorption. The
competition between nuclear absorption and decay
from the atomic orbits appears to be in favor of the
absorption process. To study the decay modes of
negative E-mesons it is thus necessary to observe
decays in flight. In a study of negative E-meson
interaction and lifetime, " we have observed four
decays in flight in nuclear emulsions. In two of these
cases, it was possible to establish the nature of the
decay scheme. In the other two, the secondary particles
were emitted with large dip angles, and such an analysis
was thus not possible. One of the two cases analyzed is
consistent with the decay E —+ 7r +sr', and the other
with the decay E i e +2 neutral particles.

The first case consisted of a E-meson track (as
determined from multiple scattering and ionization
measurements), that gave rise to a secondary emitted
at 96.7'~0.2'. The decay occurred at a velocity of
Pre=0.383+0.013, as determined from ionization
measurements (the normalized gap coefficient is
g*=4.25&0.19 at 1.4 mm from the decay point). The
secondary particle had a dip angle of 13.5 and left
the stack after an observed range of 4.9 cm. Scattering
and blob-density measurements on the secondary in
two diQerent parts of the track are shown in I'ig. 1.
In the same figure are shown blob-density measure-
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ments on a calibration track, known to be a x meson
(as it gives rise to a o star), for which pp has been
deduced from its range. Known systematic errors—
noise, effect of dip angle, and distortion —have been
corrected for. These observations give the mass of the
secondary as sr'= (265&30)mrs, and thus it was most
probably a x meson. At the point of decay the mo-
mentum of the secondary, now considered as a ~ meson,
was p= 170&9 Mev/c. The transformed momentum
in the rest system of the E-meson was found to be
Pe=202&12 Mev/c. This value is consistent with that
observed in the decay at rest of positive E ~-mesons
(p*=205 Mev/c. ). This fact suggests that the decay
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Fro. 1. Blob density versus pig for the secondary particle (case I).

scheme was E ~sr +sr'. Assuming this to be the
correct decay scheme, we obtain the mass of the
negative E-meson as srvx ——(957+40)res„which is in

good agreement with other measurements. '
Figure 2 shows the expected momentum of the

secondary particle, (in the laboratory system) as a
function of the E-meson momentum (assuming
styx-=sos, +=965@v,).The experimental point (full circle)
again shows good agreement with the E ~-mode. If
we omit the evidence on the mass of the secondary,
shown in Fig. 1, and make the assumption that the
secondary was a ls meson (triangle in Fig. 2), the
E„~-mode can be definitely ruled out for this case.
However, the E»-decay mode is a dynamically possible
one, contradicted only by the observed mass of the
secondary particle.

In the second case the E-meson had a momentum of
p=350+25 Mev/c at the decay point. The secondary
particle was emitted at an angle of 79.6 . The measured
relative ionization was, from blob density g/g;„
= 1.04&0.05. Multiple-scattering measurements gave
pp=37&4 Mev/c over the 6rst 3.5 mm of track, and
pp= 25&4 Mev/c over the following 2 mm. From these
observations we concluded that the secondary particle
was an electron of about 30-Mev energy. A trans-

FIG. 2. Computed curves for the momentum of 'the secondary
particle (in the laboratory system, for 96.7' emission angle) as a
function of E'-meson momentum (case I). The experimental point
is plotted for the assumptions (a) that the secondary is a s. (circle),
(b) that the secondary is a p (triangle).

formation to the rest system of the E-meson leaves
the energy of the electron practically unaltered. This
case is thus consistent with the decay mode E„~e+2
neutral particles. 4

The two cases discussed above showed no evidence
of any blobs, which implies that we are dealing with

decays in Qight rather than nuclear interactions. As
discussed previously, ' there is an upper limit of 15% to
the number of apparent decays in Qight that could
actually be interactions in Bight.

It may thus be noted that negative E-meson decay
modes so far observed include the E ~, E,3, and v

(the last was established in cloud-chamber work. ')
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