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the charged mesons, there are the neutral mesons with the mass either exactly or
approximately equal to that of the charged mesons. They must also have the integer
spin, obey Bose~Einstein statistics and interact with the nucleons sbout as strongly
as the charged mesons.

This assumption obviously increased the number of arbitrary constants in meson
theory, which could be so adjusted as to agree with a variety of experimental fects.
These experimental facts could not be restricted to those of nuclear physics in the
narrow sense, but was to include those related to cosmic rays, because we expected
that mesons could be created and annihilated due to the interaction between matter
and cosmic ray particles with energies much larger than /ltcz, gf which was of the

order of 100 MeV. In fact, the discovery of,particles of intermediate mass in cosmic

A
rays in 1937 by Anderson and I\Ieddermeyer(5 ) was a great encouragement to further
developments of meson theory. At that time, we came naturally to the conclusion
that the mesons which constituted the main part of the hard component of cosmic rays

at sea level was to be identified with éhe mesons which were responsible for nuclear
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there was the definite evidence for the spontaneous decay of mesons, which was the
consequence of the following assumption of the original theory:

V. Charged mesons interact also with 1light particles, i. e. electrons and neutrinos,
just as they interact with ff nucleons, the only difference being the smallness of the
coupling constant g' in this case compared with g. Thus a positive (negati\(r;g meson
can change spontaneously into a positive (negative) electron and a neutrino.

Acecording to this assumption, the proper life-time, i. e. the mean life-time at

rest, of the charged scalar meson, for instance, is given by

When the mesons are moving with the velocity v, their mean 1life-time increases by a
factor due to the well-known relativistic delay of the moving clock.
Although the spontaneous deesy and the velocity dependence of the life~time of cosmic
ray mesons seemed to confirm the sbove assumption, there was an undeniable discrepancy
between theoretifcal and experimental values for the proper 1life-time. The original
intention of meson theory was to ascount for the beta-decay by combining the assumptions
III and V together. However, the coupling constant ¢4 g', which was so adjusted as to
give the correct result for the beta-decay, turned out to be too large in that it gave
the life-time of the order of 10'88ec., which was much smaller than the observed
value 2 10-6sec. Moreover, there were indications, which were by no means in favour
of the expectation that cosmic ray mesons interacted strongly with nucleons. For
example, the observed cross-section of scattering of cosmic ray mesons Y by nuclei
was much smaller than that #4# obtained theoretically.

Thus, already in 1941, the identification of cosmic ray mesons with the mesonms,

*forcesgé) Tpdeed, cosmic ray mesons had the mass around 200 me as predicted and moreover,
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8
which were supposed to be resposible for nuclear forces, became doubtful. Tanikawa
and Sakata(s) proposed in 1942 the following modification of meson theory: The mesons
which oonstitute the hard component of cosmic rays at sea level are not directly
connected with nuclear forces, but are produced in the upper atmosphere by the decay
of heavier mesons which interact strongly with nucleons. However, we had to wait for
a few years until 1947, when two very important facts were discovered and seemed to

cofirm the above two--meson hypothesis.‘%} Firstly, it was discovered by Italian

physicists(9) that the negative mesons in cosmic rays, which had been captured by

light atoms, did not disappear instantly on account of the interaction with nuclei,
but very often decayed into electroms in a mean time interval of the order of m’ésec.
This could be understood only if we accepted the assumption that ordinary mesons in
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cosmic rays interacted very weakly with nucleons. Soon afterwards, Powell and others
discovered two types of mesons in cosmiec rays at the high altitude, the heavier mesons
decaying in a very short time into lighter mesons. Just before the latier discovery,
the two-meson hypothesis was proposed by Marshak and Bothe(n) independent of the
Japanese physicists sbove mentioned. In 19.8, mesons were created artifiecially for

the first time in Berkeley(lz) and subsequent experiments on artificial mesons further

3
confirmed the general picture of two-meson Jffgfigéi# theory.

Now the fundamental assumptions which are substitued for the original assumption

V are as follows:

(1) The heavier mesons, i. e.  -mesons with the mass m around 276 me, interast
strongly with nucleons and can decay into lighter mesons, i. e. -mesons, and
neutrinos with a life-time of the order of 2 10-8390. -mesons have integer spin
(very probably spin 0) and obey Bose-Einstein statistics. They are responsible for,

at least, a part of nuclear forces. This 4s hecause the shape of nuclear potential
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/m e =1l 10713cm or larger must be inseparably

connected with the strong interaction ot-mesons with nucleons.

(11) 'The lighter mesons, i. e. -mesons, with the mass about 210 me are the main
constituent of the hard component of cosmic rays at sea level and can decay into
electrons and neutrinos with the life-time 2 10"6$ec'. They have very probably spin
1/2 and obey Fermi-Dirac statisties. As they interact ¥ only very weakly with nucleons,
they have nothing to do with nuclear forces.

Now, if we accept these éssumptions together with the assumption IV, the existence
of the neutral -meson inaddition to the charged -meson is naturally expected.
However, such neutral mesons, which have integer spin and interact as strongly as charged

-mesons with nucleons, must be very unstable, because each of them can decay into two
or three photons in a very short time.uw In particular, a neutral meson with spin O
can decay into two photons and the life-time is likely to be of the order of 10-1hsec.
or may be even less than that. Recently, it beceme clear that some of the experimental
results g obtained in Berkeley(ls) could be accounted for consistently by assuming that,
in addition to charged -mesons, neutral ~mesons with the mass approximately equal

to that of charged -mesons were created by high energy nuclear collisions and that
=13

these neutral mesons decayed into two photons with the life-time of the order of 10 "“sec.
or less. Lhus, the spin of neutral mesons must be O. Other experiments in Berkeley
arongzltsgngnsistent with this assumption, but indicate further that both charged and
neutral mesons are pseudoscalar, although the mass of the neutral  -meson turns out

to be around 265 mg, which is a little less than that of the charged —meson. 16
Generally speaking, this is what we have expected theoretically, because the

pseudoscalar meson theory was known to be the only one which could reproduce
qualitatively all the required properties of nuclear forces.
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However, if we go into details, #}f we find that the situation is still very

unsatisfactory, We could not yet arrive at the quantative agreement between theory

and experiment. DMoreover, there are a number of important problems, which mast be

intimately connected with the problems of -mesons and nuclear forces, but are not

yet fully investigated. Among other things, we don't know much about the mesons heavier

than -mesons, although recent experiments show beyond doubt uthe existence in cosmic

rays of very unstsble mesons, which are much heavier than -mesons., We don't know

yet whether some of the heavier mesons contribute to nuclear forces at very short

distances apprecisbly. Furthermore, the present form of field theory including meson

theory as a papticular case is not free frem the divergence difficulties. Meson theory
has changed a great deal during these sixteen years. Nevertheless, we shall probably

have to go through another revisies, before we shall finally arrive at the complete

understanding of the nuclear structure and of a great variety of phenomena oceurring

in high energy region.
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