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ABSTRACT

* are discussed.

of the same transformation property.

x—-meson bound together is also discussed.

1. THE SUMMARY OF EXPERIMENTAL RESULTS

about the #°-and r>-mesons.””
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A compdrison between the decay phenomena of the neutral 7% and 7% mesons is made, 'The
possibilities of the neutral 7°-meson’s being a particle of spin zero or /> or being a composite particle

The existence of the neutral z°-meson is-now well established, while
the existence of the charged 7+-(or r=-) meson and neutral r>-meson reported
by Rochester and Butler has recently received new confirmations from
Anderson and his co-workers. The fact that ther-meson decays into
photons on the one hand and the r>-meson decays into charged particles
on the other, raises the question, whether these two kinds of mesons are

This note makes a short investigation into the problem and suggests:
The ze-meson should be a secondary decay product of some still heavier particle
produced in a nuclear collision, if it were of spin zero. It might have a spin
B, if it were created directly during a nuclear collision. The possibility
of the remeson’s being a composite particle of one x*-meson and one

It is convenient to give here a brief summary of the experimental facts

R. Bjorklund, W. E. Crandell, B. J. Moyer, and Primakoff, Phys. Rev. 77 (1950), 213.
W. K. H. Panofsky, L. Aamodt, J. Hadley and R. Phillips, Phys. Rev. 80 (1950), 94.

A. J. Seriff, R. B. Leighton, C. Hsiao, E. W. Cowan and C, D. Anderson, Phys. Rev, 78. (1950), 290,
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a) According to the evidence from Berkeley, the n°-meson has a mass
of 261 + 3 m, (electronic mass). The cross-section for its production at 350
Mey. incident proton energy is comparable with that of the *- or x~-meson.

b) The n7-meson decays into two photons. The half lifetime given by
the Bristol group is 3 X 107 sec.-

.

¢) The number of re.mesons created  in the penetrating shower 1s
about 3% of that of the ionizing particles produced.

d) Two charged particles are created during the decay of the r-meson.
It is not certain, whether neutral particle is also produced during the process.
The mean lifetime of the re-meson is 32 D&l (R sce.

e) Thé mass of the re-meson is roughly 800 7, or larger. ‘However,
there is difficulty in assuming a single mass value for the re-mesons, if it i
assumed that no neutral particle is emitted during the decay process.

f) Some of the secondary particles produced in the decay of ther’-
meson have strong interaction with nucleons. In one case, the track of one
secondary particle was unusually long and of high curvature, from which it
is estimated, that the mass of this secondary particle is between 150 7, and
350 72,.

2. THE 7-MESON AS A COMPOSITE PARTICLE

 The fact that some of the secondary particles produced in the decay of
the re.meson have a strong interaction with the nucleon and its mass value
lies somewhere between 150 72, and 350 2, suggests that the z°- meson might
be a composite particle. It might be, for example, made of onex+-and one
n--meson, or of one proton and onez--meson. These pictures have: however,
the common difficulty in explaining the ze.meson’s mean lifetime of the
order 10 sec. To illustrate the difficulty, it is useful to examine the picture
that the resmeson is a composite particle of one z*- and one x~-meson bound
together in some metastable  state.

If the re-meson is made of two z-mesons, its mass would be about
250 m, larger than the sum of those of the two s-mesons. During the
decay process, which is now to be pictured as similar to the o-decay rather
than the B-decay, about 125 m, of kinetic energy i imparted to each of the
two charged r-mesons. To prevent two particles of such high energy to
separate _instantaneously, it must be assumed that a potential barrier of very
great height and breadth exists between two charged m-mesons. Assuming a
rectangular barrier of the height 77 and of the breadth b, the mean lifetime
of the re-meson  should be of the order
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=L e {2l =B}, 16

where - E is the kinetic energy of the escaping charged x-meson,
my the mass of the charged r-meson.
r the radius of-the inside of the barrier,

Z the velocity of the emitted charged r-meson.

Putting m,=276 m, r equal to the Compton wave length of the charged
n-meson and =3 X 10 sec., we have

L T=E) =111, . @

Even if the barrier has a height of 200 Mev., the breadth of the barrier would
be ten times the range of the nuclear force: which is an impossible assumption.
It means that the interaction between two charged z-mesons not only is
very strong, but also has a range very much larger than that of the nuclear
force. The scattering of mesons by mesons would have then a very large
cross-section. Consider the collision of two fast nucleons. Each fast moving
nucleon with its meson field can be pictured as a group of fast moving
virtual mesons coupled together with a bare nucleon. Owing to the big
cross-section of the scattering of mesons by mesons, we would expect a cross-
section for the nucleon scattering far larger than that given by the experiments.

In order that the range of the interaction between two charged x-mesons”
is of the order of that of the nuclear force, the height of the potential barrier
have to be of the order of 10* Mev., which is about a hundred times the
rest energy of the charged s-meson. Under such colossal interaction,
particles are likely to be created and anhihilated continuously and it is
doubtful whether there is any sense in treating the composite particle as two
bound charged n-mesons only. Fermi and Yang® have suggested that all
mesons  are composite particles made of nucleons and anti-nucleons. In
order to explain the observed value of the mass of the x-meson, they have
to assume an interaction between two nucleous.of a depth of 2.46 X 10°
Meyv. and a width of the order of the Compton wave length of the nucleon.
Their theory is at present only a program and is unlikely to yield definite
quantitative results in the near future. It is therefore premature to discuss
the decay of the r>-meson in the light of this theory at this stage. Similar
difficulty exists for other pictures treating the r>-meson as a composite particle.

6. E. Fermi and C. N, Yang, Phys. Rev. 76 (1949), 17_39.
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3. THE r»MESON AS AN ELEMENTARY PARTICLE
OF SPIN ZERO.

The decay of the x>-mieson into two photons with a half lifetime of
3 X 10 sec. gives strong support to the view that it is a particle of spin
zero, as the decay of a particle with spin 7 into two photons is forbidden.
Using the method of regularization, Steinberger” has calculated the mean

' lifetime of various kinds of mesons. In particular, the expressions for the

mean lifetime ¢ of the neutral scalar and pseudo-scalar mesons for decaying
into two photons are as follows:

a) Scalar meson with scalar coupling.

g2 e4

(5. 8) =18 (2mhe)® (ﬂ‘{f% 3)

b) Scalar meson with vector coupling, Decay into two photons

forbidden.

¢) Pscudoscalar meson with pseudoscalar coupling,

+ (BS.BS) = 8- —2nFok (A,f)ZThF o )

d) Pseudoscalar meson with pseudo-vector coupling,

S oo (M
o (S PV.) = 12— ( 4 ) 2 (5)

where g, f are the coupling constants between the nucleon and the neutral
meson, M the rest mass of the nucleon, p the rest mass of the neutral meson,
e the electronic charge. '

Putting u equal to the mass of the n*-meson, we have the following expressions
for the mean lifetime of the no-meson for various kinds of coupling.

tre (8.8 =2 % 10-% - frc/ 2, sec.
tr (PS. PS) = 0.9 % 1071 Fio/ &, sec. )
2o (PS. PV.) = 4 x 10-2- o/ £2, sec.

7. T. Steinberger, Phys. Rev. 76 (1949), 1180.

S Py = RNy v R B e




No. 1 THE DECAY OF THE NEUTRAL 7’-MESON 91

As Jic/gxo and Jic/fz0 are of the order of one, the result agrees very well with
the experiment, if it were assumed that the n°-meson is a scalar particle
with both scalar and vector couplings or a pseudoscalar particle with both
pseudoscalar and pseudovector couplings.

Since the re-meson decays into charged particles with a mean lifetime
of 3 X 107" sec. instead of decaying into two photons, the mean lifetime of
the z>-meson for decaying into two photons must be larger than 3 X 107 sec
Denoting the mean lifetimes of the z°-meson and z°-meson for decaying
into. photons by 7, and 740 respectively, we have then:

ool S04 @)

JTo

Assuming that-the mass of the z>-meson is three times of that of the r*-meson,
we have the following table for the ratio 40/t for various kinds of couplings.

TABLE. The ratio ‘Z'ro/‘['”a for wvarious kinds of couplings

Coupling sche-
me for the
T?-meson

Scalar meson Pseudoscalar meson Pseudoscalar meson

Coupling
scheme for
the 9-meson

Scalar coupling Pseudoscalar coupling Pseudovector coupling

Scalar meson 2
37 x 10-2 (£=)

Scalar coupling Y

1.6 x 10-2 -gﬂ)z 8.1 x 10-1 %{Lr&)z

To TO

Pseudoscalar

meson —o( Eno 2 ) g_:rg_)z ( Lo )
Pseudoscalar 8.3 x 10 gﬂ> 3.7 x 10 Zro 18 fro
coupling

Pseudoscalar
meson

Pseudovector

4 8o 0
coupling

19 x 1074 (LY | 8.4 x 105 (L=} | 41 < 102 (L2 )

The sufhix 72 or #° is used to distinguish the corresponding quantities belong-
ing to a °- or gpo-meson. It follows therefore:
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( i )2, [ or (f}:: )2, %>2’ %—)2] = 10¢ ®

Tt is difficult to reconcile the ratio between the aumbers of 7?-and r>-mesons
found in the penetrating shower and this ratio between the coupling con-
stants. According to Anderson and his co-workers, the number of r°-meson
created in the penetrating shower is about 3% of that of the ionizing
particles produced. As not all of the ionizing particles in the penetrating
shower are charged m-mesons, the upper limit of the ratio between the
aumbers of charged m-mesons and ro-mesons produced is = 30. Assuming
that equal numbers of n>- and charged n-mesons are produced, the ratio
between the numbers of = and ze-mesons produced is then

Nre =30 : : 9)

To

On the other hand, this ratio is expected to be roughly Ngo/Np= €
S 10* as a first approximation.

It is difficult to have a reliable estimation of the meson production cross-
section during a nuclear collision. There exists.yet 0 method with which
one can treat the radiation reaction in the meson theory satisfactorily. It
is not even known, how many kinds of mesons are strongly coupled with
the nucleon and give substantial contributions to the interaction potential
between two nucleons. However, it is still useful to discuss roughly the
various factors influencing the production of mesons during a nuclear
collision.

The production of the' neutral meson in a nuclear “collsion is a process
similar to the Bremsstrahlung during the collision of an electron with a
Coulomb field. To the first approximation, the matrix element can be
regarded as consisting of two factors corresponding to the following two steps:

a) The emission of a neutral meson by a nucleon,

b) The transfer of the momentum between two colliding nucleons
through their mutual nuclear potential U. '

The first factor is proportional to the coupling constant gz OL gz’- The
second factor, which depends on the Fourier components, of U, should
be roughly the same whether a n°- or a r°-meson is produced, if the
momenta transferred are the same. Disregarding the dependence of the
matrix element on the energy of the colliding nucleons, the ratio Nyo/Nz°
in the penetrating shower is expected to be equal to(gno/ g.,a)zapproximately.

However, as the mass of the re-meson is three times as heavy as that
of the no-meson, the momentum spacc available for the production of the
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mo-meson is larger than that of ro-meson. Besides, the spectrum of the in-
coming nucleon is proportional to E7*%, where E is the energy of the in-
coming nucleon. The number of nucleons decreases rapidly with increasing

energy. There is a region at the lower end of the energy spectrum of the

incoming nucleon, which, though available for the production of the
m>-meson, has not enough energy to produce rmeson. Finally, as gke/fic
is of the order of unity, the multiple production of n>-meson might make a
substantial or even predominant contribution in comparison with that by
the process of single production. On the other hand, if gio/fic is as small
as indicated by (8), the higher order contribution to the production of the
r>-meson must be negligible. All these factors favor the production of
n’-meson and thus make

/Av,—f: > (:‘;—:)2 (10)

On the other hand, it is quite possible, that due to the different coupling
schemes for the x>- and r°-meson, the cross-section for the production of
re-meson relative to that of the n*-meson increases with the energy of the
colliding nucleons. However, as the number of the incoming nucleons
decreases with the energy, this effect can hardly be predominant.

It is therefore difficult to reconcile the formulae (8), (9) and (10).
If g;» were as small as indicated by (8), the number of r>-mesons in the
penetrating shower should be very much smaller than that actually observed.
The only possible explanation is that the z>meson is not directly produced
in a nuclear collision. Being not directly coupled with the nucleon, it has
only a small probability of decaying into two photons through the creation
of a virtual pair of nucleon and anti-nucleon. It follows therefore, that if
the spin of the re-meson is zero, it is a secondary decay product of some still
heavier particle produced directly in a nuclear collision.

4. THE 7>-MESON AS AN ELEMENTARY PARTICLE OF SPIN %

On account of the conservation of angular momentum, it is impossible
for a vector or pseudovector meson to decay into two photons. According
to Steinberger, even the decay of a pseudovector meson into three photons
is also forbidden. For the decay of a vector meson into three photons, the
transition probability is proportional to €® and therefore smaller than that
for the decay of a scalar or pseudoscalar meson into two photons, which is
proportional to e*. The expression for the mean lifetime of a neutral vector

meson with vector coupling decaying into three photons is given by Stein-_

berger as:

AP AVARNCRRE AN PR WA B S A
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r coupling is of the same order
of a vector r%-meson an
pseudoscalar coupling is

ctor meson with tenso
between the mean lifetime
_meson with, let us say,

while that for a neutral ve
of magnitude. The ratio
that of a pseudoscalar x’

T~ .,@L.&,Z.M= s gno Y
=25. 2%] (gﬂ) - 1.3><10(,gw), 12)

To

which, according to (7), should be larger than 10%. The value of (ga/ 220"
ith (10). It follows therefore, that if the

derived therefrom is consistent W
o.meson is produced directly in a nuclear collision, it might have a spin 7.






