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The purpose of this Letter is to calculate the
sign of the (K,° - K,°) mass difference in a model
based on the following two assumptions: (1) that
the mass difference arises from the one-particle
“pole” terms in the K1,2° propagator, and (2) that
the relevant two-point coupling constants which
occur in the expression for the mass difference
can be related by means of the octet version of
the unitary symmetry scheme due to Gell-Mann!
and Ne’eman.? We find that these assumptions
predict a heavier K,°. Other consequences of the
model are discussed. These include the processes
Kt ~nt+e"+e”, K,°~2y, and the question of the
violation of the AT =3 rule in the K,° ~7+7~ +7°
decay.

The recently discussed®* pole-approximation
model consists in the assumption that the (X,° - K,°)
mass difference arises from the self-mass contri-
butions associated with the boson pole diagrams
(Fig. 1). Let us first consider the contributions
of particles belonging to the pseudoscalar octet,
i.e., those of 7° and 7°. We require the “weak”
two-point vertices to satisfy CP invariance. These
states can then contribute only to the self-mass of
K,°, the resultant expression for the K,° self-mass

being F2 2
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In (1) fﬂ and fU are suitably normalized constants
which measure the strength of weak vertices K,°
~7° and K,° - 7°, respectively. mpg, m;, and

FIG. 1. Boson pole contribution to K,’z" self-mass.
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my denote the masses of the corresponding par-
ticles. To relate fn and f_, we now assume that
the weak vertices transform as the matrix ele-
ments of a component (7,?) of a rank-2 tensor.
Following Okubo® we may then write

T3 =a,Al +a,(AA)S?, (2)

where A®’s are the generators of SU; and the
term (2) satisfies the AT =1 rule. The constants
a, and a, occurring above are not independent,
but related by CP invariance as®

a, = 3a,. (3)

From (2) and (3) we easily obtain the desired re-
lation”

(4)

Equations (1) and (4) together with the insertion
of observed mass values predict a negative self-
mass of K,° and hence a heavier K,°.

We must now emphasize that the above conclu-
sion regarding the sign of the (K,° - K,°) mass dif-
ference will be meaningful only if the 7° and n°
contributions are indeed dominant. From the ob-
served rates of K o decay, 2 decay, and muon
decay and with the neglect of certain strong inter-
action effects, Baker and Glashow® have estimated
fntobef;~4x10"%mg?. If we accept this esti-
mate, then from (1) and (4) we find 6m ~1077 eV
in contrast to the experimental value® 6m ~1075
eV. However, this estimate of fp could be in er-
ror by a factor of 10 as already discussed by
Oneda et al.* If this is indeed so, the 7° and 7°
contributions would then be of the right order.
The effect of such a large f;; will have other ob-
servable consequences. These are as follows:

(1) Kt=at+et+e decay.—This decay mode of
the K meson is possible even without the existence

=(V3)7r .
f77 ( )fn
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of a “primitive” neutral current, as this mode
may be induced by the electromagnetic correction
to the weak current. Using this idea, Baker and
Glashow® have calculated the rate of this process
in pole approximation. With f; ~4x10™®mg? they
find a branching ratio of ~107® for this process.
However, with a f; ten times larger, as is neces-
sary to explain the (K,° - K,°) mass difference on
the basis of 7° and 7°, this rate will be enhanced,
leading to a branching ratio of ~10™*. It might
thus be possible to observe this mode.

(2) Electromagnetic violation of AT =% rule in
K,°~7%+7~ +7° decay. —The AT =1 rule relates
the rate of K,° — 7+ +7~ +7° decay to that of K* -7
+7° +7° decay as

WKL =1t 4717 +79) =1.30 X 2w(Kt =m° +7°7t),
=(2.87+0.23)x10° sec™, (5)

which differs considerably from the experimental®
rate

WKL =71t +77+7% =(1.4+0.43) x10° sec™. (6)

One way of explaining this anomaly without invok-
ing the presence of a AT =3 amplitude is to ascribe
this to electromagnetic correction through the se-
quence

KLl =1P =17+ +7°. (7)

The inclusion of this contribution changes Eq. (5)
into'®

WKL =7t +7 +7°)
=1.03x2(1 -x)?w(Et -7t +7°+7°), (8)
with x related to f77 ast?
x2=0.53 % 10'5(fn2/2mK4)w(n° ~at e +7%; (9)

w(n®=7*+7~ +7° is the rate of this process in

sec”’. From the observed'?~!* branching ratios

of 7,
w(n® —all neutrals)/w(n® =77 +7~ +7° =3.0,
W =m0 +7°+7°) fw(n® =7t +7~ +7°%) =1.68,
one can infer that
w(n®=2y)/w(®=at+77 +7% =1.32. (10)

Using unitary symmetry one can estimate w(n°
- 2y) from the observed rate of 7°~2y. In this
way, using (10), one concludes™!

wP =7t +7-+7°% =1.7x10'7 sec~?. (11)
With f77=§>< 10""mg®, we obtain from (9) and (11)
x=0.15, 12)

while the experimental rate of K,°—n++7~ +7°
given by (6) corresponds to 0.19 <x <0.41.

(3) Kz"-» 2y decay.—The rate of this process can
be calculated in pole approximation by taking the
contributions of 7° and 7°. This gives for the ma-
trix element

f

m

F(Ky' ~2y) =5 F(1° = 2y)
K m

f
=T s F(1° = 2y).
mT’ %

(13)

Using (4) and the unitary symmetry result F(z°
—~2y) =(V3)*F(n° - 2y), this becomes

F(K2° -2y) =f"[(mK2 - mﬂ"’)'1 - %(mn2 -m_ %]

K
XF(m° = 2y). (14)
With £, ~4x107"m,?, (14) yields
u)(Kzo ~2y)=6.86x10"13w(n% - 2y),
~6.5 x10® sec™!. (15)

This corresponds to a branching ratio of ~4x107%.

Let us now consider the contributions of parti-
cles belonging to the vector octet, i.e., those of
p° and «°. From CP invariance these states again
contribute’® to the K,° self-mass. The p° contri-
bution is

fp2 O™
m(K_°) = k
2 ZmK u %

kE k /m?
2 ’
-m v

2

= -(fpa/ZmK)sz/mpa; (16)
f,, denotes the strength of the K,° ~ ¢° vertex.

The w° contributes a similar term. Lastly,'® we
might consider the unitary singlet ¢ meson. The
¢° contribution to K,° self-mass is again of simi-
lar structure. We must emphasize that we are
unable to estimate f, f,;, etc., so as to compute the
magnitude of the vecior contributions to ém(K,°).
The crucial point to remember, however, is that
the vector-meson contributions to the K,° self-
mass being negative, these contributions together
with those of pseudoscalar mesons unambiguously
predict a heavier K,°.

Finally, a word about possible other pole contri-
butions. A scalar octet heavier than 500 MeV will
depress the K,° mass, thus threatening our conclu-
sion about the sign of the (K,° - K,°) mass differ-
ence. The evidence for such an octet, at present,
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is weak, however. Lately, there seems to be
some evidence!” for a scalar particle at 380 MeV
with 0++, which was first suggested by Brown and
Singer.!® This particle can contribute a positive
self-mass to K,°, thus reinforcing our conclusion
regarding the sign of the mass difference. An
assumption regarding the transformation property
of weak vertices similar to ours has recently been
applied to the problem of nonleptonic hyperon de-
cays in pole approximation by Sugawara'® who
finds it possible to correlate presently known ex-
perimental results on the basis of such a model.
We are aware of the limitations of a restrictive
model like the pole approximation for the (X,° - K,°)
mass difference, whose understanding might even-
tually turn out to require a consideration of more
complicated intermediate states than those con-
sidered here. This possibility is underlined by
our inability to convincingly calculate the magni-
tude of the mass difference. We feel, however,
that since the present model, apart from being
simple and giving finite results, leads to definite
predictions which relate the sign of (K,°-K,°)
mass difference to other effects, it might still be
of some interest to check its conclusions with ex-
perimental results.

We are thankful to Professor G. Feinberg and
Professor B. M. Udgaonkar for several discus-
sions.
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The striking fact that the recently discovered
B meson has the same mass and width (within
statistics) as the f° suggests the hypothesis that
these two resonances are, in fact, different de-
cay modes of the same particle.’”® In this Letter
we examine the consequences of this hypothesis
and find that it is not incompatible with the cur-
rently available experimental data. In fact, it
seems to be easier to reconcile the data to this

178

viewpoint than to the usual one in which the f° is
assigned /=0.

A particle which decays strongly, as does the
B, into a 7 and an w, must have 7=1. If it also
decays strongly into two pions, as does the f°, it
must have odd J and negative parity. We shall
confine our attention largely to the 17 assignment,
and refer to this hypothetical particle as the p’
meson. We shall use the name B to designate the



