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The magnitude of the pion asymmetry para-
meter a~ of the A - p+7~ decay has been deter-
mined! to be greater than or equal to (0.73 + 0.14).
The sign of this parameter, however, is rather
hard to find. The results of Boldt et al.? and the
preliminary results of Birge and Fowler?® indi-
cated a positive sign for a~. Recently, however,
Birge and Fowler* have reported a negative sign
for o, contrary to their own preliminary® re-
sults.

In this Letter we wish to point out that the nega-
tive sign of a~, provides a favorable argument
for the conjecture that the V -A four-fermion
interaction may be mediated by a vector boson.

A related problem has already been discussed
in our previous work,® which is referred to as I
in the Letter. There, however, we have devel-
oped the arguments under the assumption that
the sign of o~ is positive, which was believed to
be true at that time. The purpose of this note is
to stress the implications of the negative sign.
Let us adopt,® as in I, more or less in the spirit
of the Sakata model, the tetrahedron scheme of
four-fermion interactions, mediated by the
charged vector bosons B*. The weak interaction
is thus assumed to be

Hweak=JaBa+H.c., (1)

where’
J,=Fley (+y Jv+ly (L+yJo+iiy (1+y )b
+ F’/F)l_\ya(l tygpl ()

The results of the local four-fermion interac-
tion are obtained by taking the limit mpg -~ « and
F?/mpg®+ G/V2, where G denotes the usual Fermi
coupling constant and mpg, the mass of the vector
boson.

Starting with the above interaction, it was indi-
cated in I that Fig. 1(b) may be the dominant dia-
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FIG. 1. Typical diagrams for A—p+7~ decay.

gram for A - N +7 decays, instead of Fig. 1(a)
(which had previously been considered® as the
dominant diagram) for the following four reasons.

(i) From the point of view of dispersion relation
calculations, taking the mass of A as a variable
of the dispersion integral, the single-neutron
state [Fig. 1(b)] is the lowest mass intermediate
state contributing to the imaginary part of the
matrix element.

(ii) While Fig. 1(a) contains an appreciable
amount of |AI | =§/2 transitions, Fig. 1(b) satis-
fies the strict |AI| =3 rule. Thus the dominance
of Fig. 1(b) may be at the root of the approximate
validity of the |AI| =% rule.

(iii) If Fig. 1(a) is the main mechanism of A »
N +7 decays, it can explain the observed rate of
A decay for a choice of F’=(2.5)“2 F, while the
slow leptonic modes of A and K-meson decays
seem to require F’=F /(10)“2, If, however,

Fig. 1(b) dominates over Fig. 1(a) [ say, by a
factor = (20)“? in the matrix elements], one can
hope to explain the rates of both leptonic and non-
leptonic modes of strange particle decays with a
single choice of F' [i.e., F'=F /(10)¥?].
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(iv) An actual perturbation-theoretic calculation® reveals the following:

(a) For reasonably finite values of mpg (mg<mpg< Zmp, say), the contribution of Fig. 1(b) is con-
siderably bigger than that of Fig. 1(a).’® For instance, one obtains [without any renormalization ef-
fects at vertices 1 and 2 in Fig. 1(b)] the following values for the absolute square of the ratio of the

matrix elements:

IM[Fig. 1(b)]/M[Fig. 1(a)]|?~ 8.8 for A =m

A mBzmp’

=73.6 for A=1.5vmp, m_=m , (3)

where A denotes the Feynman cutoff parameter
introduced to evaluate M [Fig. 1(b)].

(b) In the local limit (mpg —~ =), the contribution
of Fig. 1(b) vanishes for bare V -A interaction.
However, as shown in I, introduction of renor-
malization effects'! at vertices 1 and 2 leads to
significant contribution from Fig. 1(b). The intro-
duction of such effects for finite values of m
does not alter the qualitative aspects of the situa-
tion mentioned above in (a).

Thus we will proceed by assuming'? that Fig. 1(b)
is indeed the dominant diagram for A decay, even
compared to diagrams other than Fig. 1(a). An
important fact to be noticed now is the sign of the
asymmetry parameter o~ given by Fig. 1(b), as
a function of mpg. The following remarks are
pertinent in this connection.

(1) Introducing the renormalization effects at
vertices 1 and 2, as mentioned in reference 11,
the matrix elements of Figs. 1(a) and 1(b) are
found® to be proportional to

M[Fig. 1@)] = @ (y-p JA +Ayghu,,  (4)

M[Fig. 1(b)] ocﬁp(y'Pﬂ)(a +Byght (5)
where
a=(A -13)01 -(A +B)(mA/mp)02,

B=(1 -AB)O1 +(1 +AB)(mA/mp)02. (6)

B p

0, and O, are known® functions of m ,, My, MmpB;
and the cutoff parameter A. The variations of

0, and O, as a function of mpg are given in Table I
for A=m,. The same qualitative behavior is ob-
tained for other choices of .

(2) For positive values of A,'® it is clear from
Eq. (4) that Fig. 1(a) leads to a positive* sign for
a-, independent of the value of mp.

(3) For finite values of mp, and with no re-
normalization effects at vertices 1 and 2 in
Fig. 1(b) (i.e., with A =B=+1), it is clear from
Eq. (6).that 8/a =-1 for all values of the cutoff x.
This leads to negative values of the asymmetry
parameter a-.

(4) The above conclusion regarding the sign of
a- holds, even if we introduce renormalization
effects at vertices 1 and 2, as long as A and B
are positive. Thus the conclusion for finite values
of mp is not so sensitive to the choice of the re-
normalization effects.

(5) In the local limit (mpg =+ ), 0,0 (see
Table I). In this case the conclusion depends
rather strongly on the choice of the renormali-
zation effects, since without any renormalization
effect, i.e., for A=B=+1, aandB-+0asmp-+=.
For a choice of A and B>1, with B>A, however,
o~ is positive (see Table I, last column).

Thus we find that the negative sign of @~ may

Table I. Asymmetry parameter of A—~p+n~ decay.?

mB a a
(Mev) 0, x10? 0, X102 (A=B=+1) (A=+1, B =+1.25)
500 4.29 -5.71 -0.90 -0.948
938 5.55 -5.20 -0.90 -0.95
1876 7.43 -4.05 -0.90 -1.0
4690 17.40 -1.09 -0.90 +0.573
o 40.48 0 Zero amplitude +0.90

2The values listed in this table are for a choice of the cutoff A=m A- Column 4 gives the asymmetry parameter
a” for Fig. 1(b) without any renormalization effect at vertices 1 and 2 (A=B =+1). Column 5 gives o~ for a
particular choice of the renormalization effects (A=+1, B =+1.25).
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indeed favor the intermediate-boson hypothesis.
Since we have little knowledge of the true nature
of the renomalization effects at vertices 1 and 2,
we cannot, however, conclude that the negative
sign of @~ would totally exclude the local four-
fermion interaction, while the positive sign would
exclude the nonlocal one. The purpose of this
Letter is, however, to stress that, if future ex-
periments confirm a negative sign for o, there
is a more straightforward way to understand this
result simply (even without any renormalization
effects) within the intermediate-boson framework
(m B finite) than without it (mpg ~ ), On the other
hand, if experiments confirm a positive sign for
a~, the same picture will favor a local four-
fermion interaction rather than a nonlocal one.
With our present experimental limitations, we
have to infer the existence of the B meson from
processes where its role as a virtual intermediate
particle may be important. In this connection, it
is important to recall that the introduction of a
B meson with mass nearly equal to the mass of
the K meson gives rise to a nonlocal effect,'®
which could explain'® the observed lifetimes of
O and p decay on the hypotheses of strictly uni-
versal couplings and conserved vector current.!”
It also accounts for the recently observed!® value
of the Michel parameter, p=0.78+ 0.025, which
is slightly higher than the normally expected value
0.75. The implication'® from the slowness of
i —+e +y decay is an unsettled'® question, until
one determines?® the nature of the neutrinos asso-
ciated with the muon and the electron. On the
basis of the picture presented in this Letter, the
sign of the asymmetry parameter a~ could favor
or disfavor the intermediate-boson hypothesis.
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