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The discussion reported above did not allow time for a sum-
mary of the main conclusions which follow from it, and I have been
asked to make a brief appraisal of the present position :

I) Of the heavy charged mesons with masses, in the interval
between 900 and 1 500 m it is established that particles of mass
870-5 m_ exist which degay into three mesons. The particles are
referrea to as mesons ;G~—" 311 . Seventeen examples have been
recorded in photographic plates, in_all of which the particles de-
cay "at rest". Of the 51 secondary % -~particles from these events,
eleven have been observed to reach the end of their range. Eight of
them have thus been identified as positive, and three as negative,

N -particles. This fact, and the observed co-planarity of the di-
rections of emission of the three If -particles from each decaying
€ -meson, makes it very probably that all, or most, of the par-
ticles Which decay in this mode when arrested s photographic emul-
sions, are positively charged,

A few examples of the decay "in flight" of © -mesons have been
observed in Wilson chambers. In one case, the parent particle was
negatively charged. The P -mesons observed in cloud-chamber occur
infrequently compared with charged V-particles. Nt+/N +~y 1/20.,

2) It is established that some heavy mesons, wheX ™ arrested in
photographic emulsions or in metal plates, decay with the emission
of p-mesons., This follows, on the one hand, from the direct obser-
vation of the P ~decay of the secondary mesons, or from mass-measu-
rements in photographic plates ; and, on the other hand, from ex-
periments with expansion chambers in which the secondary particles
are observed to traverse a total distance equal to several "inter-
action-lengths" in metal plates, without giving decisive evidence
for a nuclear interaction.

The energy of the secondary -meson varies widely, - from
very low values up to at least 200 Mev, It is therefore nécessary
to assume that the meson is accompanied by at least two neutral
particles. Particles decaying in this mode are referred to ass«{{
-mesons- K —>p + 2 neutral particles. .

3) Experiments with photographic plates suggest that heavy
mesons may sometimes decay with the emission of a™W -meson of ener-
gy ~ 110 Mev. The evidence is not decisive ; it receives no support
from observations with cloud chambers, but the latter are not incon~
sistent with the view that heavy mesong sometimes decay in this mode.

Since the energy of the secondaryll -mesons appears to be uni-
que, the transformation is written, tentatively : - X =T +1 ‘
neutral particle.

4) Experiments with Wilson chambers indicate that photons with
energy of the order of from 100 to 200 Mev are sometimes produced
in the decay of heavy mesons. The photons, detected by the small
cascades of electrons to which they give rise, appear to recoil
from the secondary charged particle., The observations are compatible
with a decay into two particles only, a charged particle and a pho-
ton, but this interpretation does not necessarily follow from the
observations and must be treated with reserve, 23
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5) All the direct measurements, made hitherto, of the mass
of heavy charged mesons which come to rest and decay into a single
charged particle are consistent with the view that all the particles
have masses near, or equal, to that of the v -meson. This result if
taken alone, makes it permissible to assume, tentatively, that the
particles, distinguished phenomenologically as T ,«¥ and X -mesons,
represent alternative modes of decay of particles of a single type,
but it does not prove this assumption to be true. )

6) There are two pieces of experimental evidence which suggest
that among the & —-particles there are some.which have masses signi-
ficantly greater than that of the T -meson : '

I) The observation of the maximum energy of the -mesons -
produced in the decay of § -mesons. If the <« -meson has a mass
970 m_, the maximum energy of the m -mesons, set by the conserva-
tion faws and assuming both neutral particles to have negligible
rest-mass, is ~ 150 Mev ; the corresponding values of p and pp
are «~ 233 Mev/c and ~ 211 Mev/c, respectively. Observations by
expansion-chambers give no evidence for secondary particles with
energies greater than this limit. In the other hand, measurements
with plates provide several examples in which the secondary par-
ticles appear to have values of Pp substantially greaber than that
corresponding to the limit. It is well known that determinations
of pfs by the scattering method can give high values due to statis-
tical fluctuations. The probability that the high values in ques-
tion are to be s0 interpreted appears, however to be small - less
than I %. h

To bring these observations into accord with the assumptions
that ¥ =4 ; or that my~ m, , it is necessary to assume either (a),
that there are unsuspected systematic errors in the measurements ;
(b), that they are due to rare statistical fluctuations ; (c),
that they are due to alternative physical processes other than
those considered, or (d), to a combination of one or more of these
factors. :

(II) The measurements of Daniel and Perkins on the masses of
heavy mesons directly emitted from nuclear disintegrations give a
thean value of about 1230 m_; and there are no individual values in
the mass"spectrum"less thaf 950 m_,

' It is reasonable to assume teﬁtatively that the fact heavy
mesons créated in the high-energy events are identical with those
with spproximately the same velocity, observed in experiments with
Wilson chambers, which appear to have masses of the order of G20 +
40 m_. The latter values are not significantly different from those
of the slow particles discussed in (5). '

The above apparent contradiction in the mass values can be re-
solved, and the assumptions that =%, or that my ~ m_ , can be
maintained, if it is assumed that the mass measurements of Daniel
and Perkins are subject to unrecognised systematic errors. Alter-
natively, it may be assumed that the heavy particles of mass ~ 1210m
are indeed emitted from high-energy disintegrations, but that e
they decay;in flight, with a mean lifetime of the order of

3 x 10 secs, and transform into particles of mass $70 m_,

In general, such a transformation should lead to a deviation®in

the track of the particle, but the deviations may be small if most
of the difference in mass appears as the rest-mass of the secondary
neutral particle or particles.-
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Nuclear Capture of Negative Heavy llesons.

There appears toe be a large disparity between the number of
heavy mesons observed to decay in nuclear emulsions and the number
which interact nuclei. The evidence obtained with Wilson chambers
shows that positively and negatively charged V-particles occur
with approximately equal frequency. Since the particles appear to
be directly created in nuclear interactions, it would be reasona-
ble to assume that they are strongly interacting. If so, when ar-
rested in solid substances, they would be expected to produce ob-
servable disintegrations. Very few such disintegrations have been
found, altough many laboratories have made a well-directed search.

It is difficult to make a reliable estimate of the ratio of
the number of heavy mesons decaying to the number producing a re-
cognised nuclear interaction because of the different methods of
search employed in different laboratories, but a conservative
estimate suggests that it is at least five to one., If the particles
observed to decay are all positive, it then follows that only
about a fifth of the negative heavy mesons, when arrested in. pho-
tographic emulsions, produce effects due to nuclear capture com-
parable with those due to negative m-mesons. «

Conclusions. '

In this situation it appears premature to attempt to give final
answer to many questions of great interest and importance, espe-
cially as observations of much greater precision will soon be made
with the new techniques described at the conference. Among many
interesting experiments, the following appear to be particularly
important :

I) Accurate measurements of the masses of heavy mesons, (a),
by the momentum-range method using expansion chambers j; and (b),
by the various methods employing photographic emulsions, in the
new and much more favourable conditions given by the use of
"stripped" emulsions. Mass measurements are particularly important
in cases in which the nature of the secondary charged particle can
be established.

~ 2) Measurements of greater precision on the mass and distri-
bution in energy of the secondary charged particles found in the
decay of heavy mesons.

3) Observations on the ¥ -radiation emitted in the decay of
heavy mesons in order to decide whether it is compatible or not
with the two body-decay of heavy mesons ; and whether it must be
attributed to a recoiling 7 -ray or, alternatively, to the emis-
sion of a n°-meson.

4) Observations of greater statistical weight on the mass
of heavy mesoms emitted from high energy nuclear disintegrations,
their mean lifetime and their interaction-length.:

: 5) Observations of greater statistical weight on the frequen-
¢y of occurence of the nuclear interactions of heavy mesons at the
end of their range in comparison with the number decaying, and on
the detailed characteristics of the resulting disintegrations.
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