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According to a recent experiment (1) the mass spectrum of the neutral component
of p-meson appears to be resolved into two levels, one of which is almost degenerate
with the ¢« meson within experimental errors. This has raised some interesting
possibilities. FuBinI (2) has proposed a drastic suggestion: There may exist a vector
meson, called T', which has no well defined isospin and decays into both of 7'=0
and T-==1 states, violating the charge independence (C.I.). The p, and « peaks are
the manifestations of different decay modes of the same particle. On the other hand,
a eonventional way of dealing with this degeneracy has been given by GLAsHOW (34).
According to Glashow p, and « are different particles, but, hecause of the small
mass difference, the electromagnetic transition between them can be quite appre-
ciable and the observed particles are mixtures of p, and w. The extent to which g,
and o are mixed has been estimated (%%). The theoretical results for the ('.I. violating
decay w— 2m are reasonable, showing that Glashow’s explanation is not unnatural.
It may seem, therefore, that it is not necessary to introduce Fubini's drastic hypo-
thesis. This does not, however, necessarily mean that Fubini’s hypothesis is elimi-
nated. Rather it seems difficult to tell, by observing the decays, which of the two
is realized in nature. In this note we wish to examine the possibility of finding the
differences between these two theories in their effects on nuclear forces.

For simplicity, first we assume that Fubini’s T' interacts with the nucleon by a
factor (147,)/2 (maximum violation of C.I.), then the I'-exchange takes place only
in p-p, but not in p-n nor in n-n systems. The static potential for p-p system
arising from single [-exchange is

(1) Vir) = ffexp[—rlfr,
where f is the IV’ coupling constant and p =- mpc/fi.
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Turning to Glashow’s theory, we denote o and py-tields by ¢, and ¢, respectively.
The mass or life-time eigenstates are given by superpositions of ¢, and ¢,

(2) Py == a@, + Be. Yo = ﬂ(ps APy,

with 22+ f2=1. Accordingly the interaction with the nucleon can be written as

(3) '/V[f:(ps+ ,frT3¢'r]'/V‘7>'/V[(1fs + ﬁfvTB)W1 + (ﬁf@ - “fﬂurtl)?»%]'/t/. ’

where f, and f, are coupling constants. The potentials arising froms ingle exchange
of y, or y, are respectively given by

(afy 4 Bfs")of s+ Bfors®) exp [ ]
(4)
(ﬂfs - “fvrél))(ﬂfs - va.[;m) exp [7 -/lzr]/)‘ .

Each field violates the C.I. just as I' does. Butif we put u, = p, = u the sum
of these two potentials becomes

(5) fi + PP exp [ - prlfr,

and the C.I. is restored. Actually the mass-splitting u,-p, will be very small, so
the C.1. violation due to v, and p, will be quite negligible. 1t is important to note
that in Glashow’s theory we have a doublet while Fubini’s I' can exist singly.

We wish to discuss the possibility of detecting the effects of I'-meson on the
nuclear forces. As noted by Fubini, the effect of the I"-exchange potential is expected
to be small at low energies because its force range is very short. However, the scat-
tering lengths for 'S states of p-p, n-n and p-n systems, a,,, a,, and a,,, are extre-
mely sensitive to the variations in the potentials. So it will be interesting to estimate
the effect on these quantities.

The T-exchange potential ¥V(r) (1) is repulsive and makes the p-p potential
shallower than the n-n and the p-n ones. We have estimated the variation of a,,
due to V{r) by Sehwinger's method (¢7), using the same assumptions regarding the
potential as those of SALPETER (7), 7.e. a central potential for the p-p singlet state
consisting of an infinite rectangular repulsive potential of core radius r, plus an attrac-
tive potential outside the core of the Hulthén shape.

The mass of the I'-meson has been taken as 770 MeV. The results, [~2h3(a,,’),
for » =0, 0.3, 0.6-10-1% em are given in Table I. A reasonable value of », will be
between 0.3 and 0.6-10-'* em (). If the I"-.N’ vertex has the factor (1-+ Ar,) instead
of (1+41,), the contributions of I'-exchange to 17, V., and V,, are given by (1)
multiplied by (14 1)2/4, (1 — A)%*/4 and (1 — A%)/4, respectively. Being proportional

to the strengths of the variations in the potentials, 3(ap'), S(azl) and 3(ag;) with
i# 1 are easily obtained from the value of 8(a;}) with 2=1. The assumption of too

small a value of 2 will make Fubini’s hyvpothesis less interesting.

o

. SCHWINGER: Phys. Itev., 78, 135 (1950).

. E. SALPETER: Phys. Rev., 91, 994 (1953).

ee c.g. J. L. GAMMEL and R. M. THALER: Progr. in Elem. Pariicle and Cosmic Ray Phys.,
60).

o W

5, 9¢



220 Y. NOGAMI and Y. P. VARSHNI

Evidence for two other mesons { and », with masses around 560 MeV, has been
obtained in recent experiments. Spin-parity 1= has been suggested for both the
mesons. On the experimental side { appears to have 1- while some evidence (°) has
been reported for spin-parity 0- for the n meson. If we assume the 1- assignment
for both of the mesons, a situation similar to the p,;, w pair is also seen to exist here,
We have considered this possibility also. The corresponding meson will be denoted
by I and other corresponding quantities also with a prime. The results are shown
in Table 1.

TaBLE I. — by=#?2/Me?=28.81 fermi. M is the nucleon mass.

r, (in fermi) 0 0.3 0.6
a,p (in fermi) 18.1 16.5 15.7
Dolagy — apr) 0.37 0.53 0.61

|— | _

| 2, S(agh)p 8.47 2.22 | 0.85

| F2be 3(as i 13.90 5.34 2.75

The value of the scattering length a,, in the p-p system as derived from the
data (after elimination of the Coulomb effects) is dependent on the assumed shape
of the wave function of the potential. SALPETER () has made an analysis assuming
that the potential consists of a hard core plus an attractive Hulthén potential.
His results are quoted in Table I.

For a,,, ILAKOVAC et al. (**) have recently made an analysis of the proton spectrum
from d(n, p)2n taking into account only the n-n interaction in the final state, and have
obtained a value a,,=(2242) fermi (*). The error given is entirely statistical and
does not contain estimates of the accuracy of the theory. They noted that the shape
of the proton spectrum is definitely sensitive to the value of a,, and is very useful
fori ts accurate determination. On the other hand, a,, is precisely known as
Ay =(23.6940.06) fermi (11). There is a slight but definite difference between by/a,,
and by/ap,=1.2164-0.003, as shown in Table I.

Now let us discuss the I'-effect on the differences among a,,, a,, and a,,.

1) ay, — @,,. Let us have an idea of the order of magnitude of the I'-effect.
It 7,=0.3 fermi, we have 3(ay, )p=2.22f2/b, fermi~!, or substituting a,,=16.5 fermi,
we have 3a,, = —— 21.0f2 fermi. If the coupling strength is > = 1 as suggested by
Sakurai’s (12) estimation on the basis of the nucleon structure, the I'-effect is quite
large. Besides the T'-effect, the magnetic interaction also destroys the charge sym-
metry, giving a small contribution to a,, — @, in the same direction with the
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T-effect (¢713). If the I'-meson exists, we shall have a,, > a,,. The vesult of
Irakovac ef al., though it is not very accurate, is unfavorable to the existence of
the I'-meson.

i) ayp — @yy. 1 2> 1, the C.I. violating effect of I" well exceeds the observed
difference by(a,, — ag. ). Besides this T'-effect and the magnetic interaction, the
effect of n*, n® mass difference destroys the C.I. These three give contributions
with the same sign to a,, — a,, (57"1%). Especially the pion mass difference effect
(examined up to two pion exchange potential) seems big enough to explain the gap
between V,, and V,,. If we accept this, then very little room will be left for the
I'-effect and therefore the I'-effect estimated above will be too big.

Finally we would like to note the effect of the heavy mesons on the L-S foree.
Following SAKURAI (1%), it is very attractive to consider that vector mesons would
provide an unified explanation for an L-S force of the required sign and magnitude,
a repulsive core in the N-N system and a strong attraction in the N-N° system.
These three are all difficult problems to explain in terms of the pion theory. If a large
portion of the L-S§ force comes from the I'-mesons, violation of the C.I. will be
observed, for example, in polarization phenomena. TiNnror and WARNER (%) have
measured the polarization in the quasi-elastic p-n scattering and compared it with
the theoretical prediction of BREIT et al. (1%). But at present it seems to he prema-
ture to infer about the charge being independent of this data.
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