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Violation of aI =-', Rule in the K.,'Decay and the K,' ~ y+ ~ Decay
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The experimental value of the branching ratio F(Ei —& x++x +xo)/F(E+ ~ rr++ir +x ) obtained by
Alexander et ot differ. s from the prediction of the nI=-,', rule by 30%. We assume that the major part of
the violation of the AI= ~ rule in E'

3 decay comes from the chain of processes K' ~ p ~ 7F++m +~', as
pointed out by Bouchiat et al. With this assumption, we get a relation between the coupling constant
f'z&„0/4rr and the width r(rt-+ ir++ir +x'). We use the experimental value of the branching ratio r(rI —~

neutrals)/r(v —+ x++x +xo)=3.0 to infer the unknown branching ratio r(rto —+ 27)/F(rto —+ a++» +iro)
and the theory of unitary symmetry to deduce the value of the width r(iIII -+ 2y) from the experimental de-

cay rate of 7I —+ 2p. Further, if only pion and q-meson pole terms are responsible for the mass difference
m(Eie) —m(Itic), we can also derive the value of the coupling constant f'»' '/4x. These two coupling con-
stants f2»0vo/4nand frz-& i/4rr are illustrated as a function of the deviation g from the eI= xi rule. Under
the same assumption we obtain a result that F(E2 -+ 2y) is comparable to F(Eq —+ x++v +m. ) or is
negligibly small according as fz0 0 and fz0„0 are of the same sign or not. If the deviation x=30/0 is really
correct, the decay rate of Z ~ rt+ir can be explained with g'zo„zo/4m. &1. On the other hand, if the ex-
tended riI=-,' rule is valid for the couplings of E mand Z——-iI, we obtain the following results: x=15%,
m(Ei')&m(ICP), f'»' '/4ir=2. 8X10 ", F(Es'~ 2y)=8X10' sec ' and the decay rate Z —& rr+v can
be fitted with g'xo„»0/4ir =6. Precise experiments are desired on the decay ICP ~ 2p as well as on the decay
E20 —+ 7i-++7f- +7f-'.

'F the
~

/3I
~

= 1/2 rule were valid, the rate of
- ~ Es" —i z++vr +'m' decay can be related to that of
E+—+ rr++x-'+z' decay.

F~sr~ its(Es" ~ 7r++ir +z )
= 1.032X2I'(E+ —& rr++rr'+m")
= (2.87%0.23) X 10' sec ' (1)

However, Alexander et al. , by a combination of results
coming from two different experiments, have obtained
a value

I'(Es' ~ rr++x. +rr") = (1.44&0.43) X 10' sec ', (2)

E"—+ rts —+ x++ir +x.", (3)

may give rise to a large violation of
~
AIi = 1/2 rule,

since the mass of E meson is close to that of g meson.
The fact that the vertices, E—g and g —3x, could
proceed without centrifugal barrier suppression also
seems to favor this possibility. In fact, it is now es-
tablished that the decay mode q ~ 3x, which is of the
order of 6ne structure constant, can compete well with
the mode g ~ 2y which has much larger phase space
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which differs considerably from (1). Though, at the
moment, we should perhaps not take the present ex-
perimental result too seriously, there is also some theo-
retical reason to expect that the violation of

i
/3I

~

= 1/2
rule due to the electromagnetic correction might
become enhanced particularly for the E2"—+ 3m decay.
As pointed out by Bouchiat et al. ,

' the contribution of
g"-meson pole term

but appreciable barrier suppression. In this paper we,
therefore, assume as in Ref. 2 that the major part of
the violation of lIB,I~ =1/2 rule in E se decay comes
from Eq. (3). We write the effective Hamiltonian for
the IC' + ir++s. +rr' p—rocess as

H(E' —+ 7r++x.—+x') =gzo(1 —x)E'(z+rr ~')*

g~0 stands for the effective coupling constant of
E' —+ x.++x. +z" decay satisfying the

~
AI

~

= 1/2 rule. '
x corresponds to the contribution of the Eq. (3). The
E'—g' and q" —+3m vertices have been written as
f'zo„om„E"rts~ and g„ort'(7r+ir rr')*, respectively. We also
assume the time-reversal invariance. Using the pre-
diction of

~

/3I
~

= 1/2 rule (1), we obtain from (4)

(1 x)2 —[(Ess —~ x++rr—yrro) in 10 sec 'j/2. 87,
(5)

gz and g„are rela, t:ed to (1) and to I'(I7"~ x.++rr +m."),
respectively, through'

I iari=i/2(E2 + 7l' +ir +7I )
= [1/2s ]'-4

~
gz

~

'm»06. 36X 10—' (6)

F (rl" —i z++rr +rr") = [1/2s.]'s
~ g„~ 'rrt„oi 45 X 10 ' . (7)

Eliminating g„o and gzo from (4), and using (6) and (7),
we get

x'=6.65X10 'f'z „I'(rP-+ x++rr +7rII) in sec '.

~ We have neglected the contributions which are not totally
symmetric with respect to three final pions.

4 We haVe uSed mI;0=497.8 MeV and m„0=550 Mev.
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Using the recently reported branching ratios of p
meson, ' 7F (rts —+ all neutrals)/F (rts —+ s++7r +s') =3.0,
F (rt'~ s."+s'+s')/F (rP —+ s.++7r +s') = 1.68, we infer,
assuming F (r)' —+ neutrals) =F (r)"—+ 2y)+F (rIs ~ 37r'),

F (~'~ 2~)/F (~"~~++~-+~') =1.32. (9)
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The width of p meson is not known yet. We shall at the
moment be content with the use of the prediction of
unitary symmetry" which seems to work rather well
in the classification of newly found resonances. We write
the relations between the amplitudes of g' —+2y and
s' —+ 2y as M(s' ~ 2y) =nM(r)' —+ 2y) which yields
F (rts —+ 2p) = (64/n')F (ss —+ 2p). The unitary symmetry
predict" n=+v3 and using the recently reported rate
of 7r' ~ 2y decay " 1/F (7r' —+ 2y) = (1.05&0.18)X 10 "
sec, we obtain
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FIG. 1. The variations of the values of f'rro, o/4» and f'rr~„%4»
with a for the choice, P(q'~ »++» +»') =106 eV, based on
unitary symmetry.

F (r)" —+ 2y) = 140 eU (n =+@3),

which implies according to (9)

F (rt' —& s-++ s. +s")= 106 eV.

(10)
r(Ets) = 1.00X 10 "sec, the above relation becomes

(f xa OX 10 ) = ~0.148+4.20X (f rc'q'X 10 ) (12)

Now let us turn our attention to the problem of E~'—E~'
mass difference. Since, now, evidence for the existence
of bosons with spin and strangeness zero other than the
pion and g meson are rather weak, it seems reasonable
to assume that the main part of the mass difference
comes from the contribution of pion and g-meson pole
terms whose vertices may not suffer from barrier sup-
pression eQects compared with other bosons like p and
co meson. We obtain""

amrc~ ——m (Et') —m (Es')

f
m~' m„'

ZG~'
km ~ m' —m'. i

The upper and lower signs correspond to Am~0&0 and
Amzo&0, respectively. Now, if F(Es"~ 7r++s +s')
is measured, x can be calcula, ted from (5) and conse-
quently from (8) we can evaluate ftro„o, provided that
I"(r)' —+ s++s. +s') is known. Then from (12) the value
of fxo, o can be calculated. In Fig. 1 the variations of the
values f'xo o and f'xo„o with x are shown by using, at
the moment, the value of F(r)' —+7r++s. +s') given
by (11).

Next we discuss the E&"—+ 2p decay. It again seems
reasonable to suppose that the decay is dominated by
the pion as well as the g-meson pole terms. Under this
assumption we obtain

m„'
F(E;

km', o—m'xoi

Using experimental values, "
~
&mir o

~

= 1.5tt/r (Ets),
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We have plotted in Fig. 2 the variation of the rate
F(Es' —& 2y) with x. It is seen that F (Ess —+ 2y)
could be large (& 10' sec '), comparable with
F(Ess —+»++s. +7r"), if frc ofxo„o&0 and is much
smaller if frco ofxo„o)0 This implies t.hat though the
pion mass is not so close to the E' mass as the q meson,
the contribution of pion pole term is, nevertheless,
important, so that the interference of these two terms
becomes important. The sign of E~'—E~' mass differ-
ence does not lead to a marked diff erence for
frra Ofxo„o& 0, although the effect is appreciable for
frc'»'fx'„')0. For frro ofx~„o)0, the boson pole ap-
proximation considered may become less reliable and
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FIG. 2, The variation of the rate of E2 ~ y+p decay with x.
The parameter, r(rP —+ y+y), is taken to be 140 eV assuming the
validity of unitary symmetry. The symbols ) and & of fzo ofzo~
should be inverted in the above figure.

the contributions of higher mass states might not be
neglected.

We summarize:
(i) It may not be so difficult to check whether the

decay EP —+ 2p indeed takes place with a frequency
comparable with that of ass —+ m++vr +7r'. This serves
to determine particularly the relative sign of frr0 0 and
frr0 0.

(ii) Simultaneous measurements of I'(Es' —0 2y) and
x and the comparison with Fig. 2 will give the test of
the validity of unitary symmetry. If it turns out that
the prediction is invalid, we can instead evaluate the
width of 01 meson from P (Eso —0 2y) and x, by regarding
P (01' ~ 0r++m +m') as parameter in the above analysis.

(iii) It may be stressed that the knowledge of the
magnitude of K-x vertex thus obtained is also valuable,
since this vertex may play an important role also, for
instance, in the nonleptonic processes as will be dis-
cussed below.

(iv) The reported rate of Es" ~m.++0r +0r", (2),
corresponds to x=0.3. This predicts p(E's' ~ 2y)
= 1.4X10' sec ' for flr0~0fx0, 0&0 and 1.4X10' sec ' or
6X10' sec ' for flr0 0frr0„0) 0. CorresPonding values of
frr0 o and frr0„0 are large, f'rr0„0/47r=3 8X 10 "and.

Supposing that the 7 ~m+0r decay is explained by
the pole term Z ~ ri+E ~ m+s we obtain

I (Z- ~+ ~-)
= (g2 0„01r0/47r) X5.80X 100 sec ' (Amrr0)0)
= (g'z' 01&'/47r) X5.1X10' sec ' (Amlr0&0) . (15)

Experiments indicate I'(Z —~ n+m ) =6X10'" sec '.
Thus if @=0.3 is correct, , we have (g'i;0„0x0/40r) & 1.0.

(v) So far, we have not specified the theory which
leads to the usual

~

AI
~

= 1/2 rule. Complete knowledge
of both the values of fr&0 0 and fx0„0 is very desirable at
this point, so that we present a result of such a theory
here. " Assume that the strangeness nonconserving
»eak nonleptonic interaction is invariant in the unitary
space by introducing a spurion which behaves like the
K' meson which belongs to the eight-dimensional
representation. ' ' Then the relation between frr0 o and
frr0„0 is fixed as E+(7r+)* [1/(6)'—E'r1'+1/V2E'~'j
Thus, from (12) we obtain.

m(Ere) &m(E,"), (fE'0.0/4~) = 2.8 X 10-'s, (16)

and predict x= 0.15 and F (Eso ~ 2y) = 8 X 10' sec ',
assuming (10) and (11).Corresponding to (15) we have
I'(Z ~ rr+rr ) = (g'q0„x0/47r)9. 6X10s sec ' so that if
(g'&0 rr0/40r) =6 the Z —+ n+rr may be explained by
this model. I'or the A' —& rr+0r' decay, this pole term
may not be so important unless (g'„x/4~) is very large.

(vi) Finally we might add the following remarks. If
we assume the dominance of pion pole term E—+ x —& 3z
for the E—+3m. decays, the above obtained values of
f'rr0 0, (15) and (16), will lead to a faster rate than the
experimental one by more than an order of magnitude,
if we take A= —O. i5 for the S-wave pion-pion inter-
action. "However, we may stress that this is not a diK-
culty if the unitary symmetry is valid. That is, if the
symmetry works well, the contribution of other possible
chains through unitary symmetric strong interaction,
4m X(~ rr+rp+EE+EE)', and weak E-ir vertex,

E +E+rr+rr ~—0r+m+~,
fe~

will just cancel that of the pion pole term considered
above. " It is interesting to notice that the similar
situations also take place for the g —+ 3~ mode. "

These points seem to urge the precise experiments on
the rates of I&2' —+2p decay as well as of E2' —+3m

decay.
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