
P H Y S I C A L R E V I E W V O L U M E 1 3 6 , N U M B E R 4 B 23 N O V E M B E R 1 9 6 4 

SU(3) Symmetry and the Nonleptonic X-Meson Processes* 
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Consequences of the SU (3) octet scheme for the nonleptonic weak interactions are studied in some of 
the nonleptonic i£-meson processes. The K^—K£ mass difference and the rates of K2°-^2y and 
K2° —» 7r+-f 7r~+Y decays are discussed. The effect of ai— <p mixing is considered in the K2° —> 2y decay. The 
possible violation of the | AI | = J rule in the K2° —> Sir decay is discussed in terms of the 77-meson pole con­
tribution. The characteristic features of K+ —> 7r++7r°-f-Y and K+ —> Sir decays in our model are also dis­
cussed. It is inferred that the rate of K+ —> 7r++7r°+Y decay is dominated by the internal bremsstrahlung 
contribution. A possible effect of a unitary singlet pseudoscalar meson on these problems is also discussed. 

I. INTRODUCTION 

RECENTLY, many attempts have been made to 
understand the transformation properties of the 

weak interaction within the framework of the SU(3) 
symmetry theory.1-4 By assigning simple SU(3) trans­
formation properties, either to the baryon and meson 
currents and/or to the weak Lagrangian as a whole, 
various authors have proposed schemes which reproduce 
the experimentally established selection rules. As the 
simplest higher symmetry scheme which contains in 
itself the | AI \ = | rule for the nonleptonic processes, one 
may propose that the nonleptonic weak-interaction 
Lagrangian transforms as a member of an octet of the 
SU(3) group. We shall not be concerned here about the 
origin of this transformation property of nonleptonic 
interactions. At any rate, by introducing the neutral as 
well as the charged currents, it is possible to construct 
the nonleptonic interaction of current-current type 
which behaves like the member of SU(3) octet.5'10 

One may also speculate that some mechanism selec­
tively enhances the contribution of octuplet channel 
even if the basic interactions do not belong to the SU(3) 
octet.5 

The consequences of this proposal may be tested in 
the hyperon decays.6-11 For the S-wave amplitude, it 
gives a sum rule which is consistent with experiments. I t 
is also interesting to study the nonleptonic decays of the 
K meson from this standpoint, since the SU(3) relation 
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fixes the relation between the weak vertices Kir and Krj. 
Some of the results have already been obtained in the 
processes in which these vertices are likely to play an 
important dynamical role.12,13 In this paper we would 
like to discuss this problem in a more coherent and uni­
fied way in order to obtain a more direct insight into the 
dynamics of nonleptonic processes. In Sec. I I we ex­
plain our model and discuss the K1°-K2° mass difference. 
The K2° —» 27 decay is treated in Sec. I l l by including 
the effect of co— <p mixing. In Sec. IV, the K2° —>T+ 

+ T T ~ + Y and K+—»7r++7r°+Y decay rates will be cal­
culated. In Sec. V, some comments will be made about 
the dynamics of K —> 3w decay, and the possible viola­
tion of the I AI I = \ rule in the K2° —> ST decay, due to 
the 77-meson pole contribution. In Sec. VI, further 
remarks about the K1°-K2° mass difference and the 
dynamics of nonleptonic processes will be added. 

II. DYNAMICAL MODEL AND THE K1°-K2° 
MASS DIFFERENCE 

Our aim is to exploit the octuplet nature of nonlep­
tonic weak interactions in studying the processes in 
which the 77 meson as well as the w meson plays an im­
portant intermediary role. As a dynamical model for 
the processes under consideration, we shall use the one-
pole approximation involving the pseudoscalar meson. 
According to our assumption, the effective Lagrangian 
for the two-body weak transition between pseudoscalar 
mesons transforms like X6. 

£w= -^/2mK
2fw Tr(X6PP). (1) 

where P represents the 3X3 matrix corresponding to 
the octet pseudoscalar meson, and the X6 is the sixth 
component in the unitary spin space.2 Then £w can be 

12 S. Hori, Progr. Theoret. Phys. (Kyoto) 29, 612 (1963); S. 
Oneda and S. Hori, Phys. Rev. 132, 1800 (1963); see summary 
(V) where the SU(3) octet model and some of its implications on 
iT-meson processes are discussed even earlier than Refs. 6-11. The 
sign of Am(K°) is in error and must be changed throughout the 
paper. Similar results were also obtained by S. N. Biswas and S. K. 
Bose, Phys. Rev. Letters 12, 177 (1964). 

13 Y. S. Kim and S. Oneda, Phys. Letters 8, 80 (1964). The cal­
culation of the rate of K -> 7r-f-7r-f-y was incomplete and corrected 
by errata. More detailed discussion is given in this paper. 
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expressed as12,13 

£>w=— ^f2mK
2fw 

X{(K+w-+K-7r+)-K2%ir0+3-1/2r)
0)}. (2) 

We estimate the coupling constant fw from the ob­
served Ki°-K2° mass difference 

Am(K°) = m{K^) - m(K2°). 

Now, by assuming that the 7r° and rj0 poles yield the 
principal contributions to this mass difference, we 
obtain11 

Am(K°)=-fw
2mK

Q 

f MR02 MR02 } 
X + - -L (3) 

l MK°2—m-rr02 3 (niK02—mv°
2) J 

Note that Am(K°) obtained in (6) is proportional to 
4wJK

2--3mT?
2—m^2, which will be zero if we use the 

Gell-Mann-Okubo first-order mass formula. Experi­
mental values of Am(K°) have not yet been comfortably 
settled, and their values range from 0.5 to 1.5 %/T(KI°).U 

We here adopt the following value, taking into account 
its present experimental uncertainty: 

| Am(K°)\ = lX( l±0 .S) [ f t / r ( i r 1
0 ) ] 

= 0 . 6 5 ( l ± 0 . 5 ) X l 0 - n M e V . 

Then we obtain from (3) 

J V = 3 . 1 X ( 1 ± 0 . 5 ) X 1 0 - 1 4 , (4) 

and the sign of mass difference15 is such that 

m(K1°)>m(K2°). (5) 

The TT-7] pole approximation which we have used above 
needs some justification. First, the most important 
competing contributions could be expected from the 
S-wave two-pion intermediate states. In particular, if 
the so-called dipion16 resonance a0 exists, it may con­
tribute significantly to the mass difference. In fact, a 
possibility that the dipion contribution dominates this 
mass difference, the rate of Ki° —> 2T decay, and the 

14 R. H. Good, R. P. Matsen, F. Muller, O. Piccioni, W. Powell, 
H. White, W. Fowler, and R. Birge, Phys. Rev. 124, 1223 (1961); 
V. L. Fitch, P. A. Piroue, and R. B. Perkins, Nuovo Cimento 22, 
1160 (1961); U. Camerini, W. Fry, J. Gaidos, H. Huzita, S. 
Natali, R. Willmann, Phys. Rev. 128, 362 (1963); J. Cronin and 
V. L. Fitch, Brookhaven National Laboratory Report No. 837, 
1963 (unpublished); T. Fujii, J. Jovanovich, F. Turkot, and G. 
Zorn, Bull. Am. Phys. Soc. 9, 442 (1964); W. F. Fry, J. Camerini, 
J. Gaidos, and W. Powell, ibid. 9, 442 (1964); R. P. Eisler, T. C. 
Bacon, and H. Hopkins, ibid. 9, 443 (1964). 

16 However, preliminary evidence seems to indicate m (Ki°) 
<m(K£). F. S. Crawford et ah, Brookhaven National Laboratory 
Report No. 837, 1963 (unpublished); F. S. Crawford, Jr., B. 
Crawford, R. Golden, and G. Meisner, Bull. Am. Phys. Soc. 9, 
443 (1964). 

16 N. P. Samios, A. Bachman, R. Lea, T. Kalogeropoulos, and 
W. Shephard, Phys. Rev. Letters 9, 139 (1962); J. Kirz, J. 
Schwartz, and R. Tripp, Phys. Rev. 130, 2481 (1963); see, how­
ever, C. Alff, D. Berley, D. Colley, N. Gelfand, U. Nauenberg, 
Phys. Rev. Letters 9, 322, 325 (1962). 

low-energy 5-wave pion-pion scattering at the same 
time has been pointed out by Oneda et al.,17 and also 
by Nishijima.18 Note that we obtain m(Ki°)^m(K2°) 
according as m^^mj^. 

However, Gell-Mann has recently shown that the 
assumptions (a) CP invariance of weak interaction, and 
(b) current-current type of nonleptonic interaction 
transforming like an octet (either effectively or exactly) 
with the currents which also belong to an octet, will 
cause the K^ —> 2w decay to be forbidden.19 

If we adopt this model, the parity-violating part of 
weak Lagrangian has an opposite charge-conjugation 
parity to the Ki° meson, so that a Ki° —* a0 transition is 
forbidden. Likewise, the Ki° —» 2w decay through 
Ki° —» a0 —-> 2ir is not allowed. Thus, in this model one 
can neglect the contribution of the dipion to the 
Ki°-K2° mass difference. Also, the existence of dipion 
has not yet been clearly established. Second, we have 
to worry about the contribution of vector-meson reso­
nance states. Of course, we have a similar relation to (2) 
for the iT-meson-vector-meson coupling, i.e., 

where cos belongs to the 1 = 7 = 0 member of the bare 
vector-meson octet which must be expressed in terms of 
the physical co and <p particles with a mixing parameter. 
Now these vector-meson contributions do not behave as 
a pole, contrary to the case of pseudoscalar meson, and 
they always contribute negative value to Am(K°). 
However, the vertices have a higher momentum barrier 
than the K—7r(rj) vertex, so that offhand, the contribu­
tion is expected to be suppressed by this barrier effect. 
In fact, a simple-minded but plausible computation indi­
cates that the contribution of the p meson, for instance, 
is only around 2% of the observed value,20 while the 
same type of calculation17 for the K2°ir vertex yields a 
value which is very close to the one obtained in (4). 
We therefore feel that our approximation for the 

17 S. Oneda, S. Hori, M. Nakagawa, and A. Toyoda, Phys. 
Letters 5, 243 (1962). 

18 K, Nishijima, Phys. Rev. Letters 12, 41 (1964). 
19 M. Gell-Mann, Phys. Rev. Letters 12, 155 (1964). See also 

N. Cabibbo, ibid. 12, 62 (1964). 
20 S. Oneda (unpublished). At present this seems to be a con­

troversial point. For instance, in the hyperon decays there is a 
contribution due to K*—ir vertex for the parity-violating ampli­
tude. Since we do not have an absolutely reliable estimate of this 
vertex, we may assume that the parity-violating amplitude is 
dominated by the K*—IT diagram. See, for instance, B. W. Lee 
and A. R. Swift, A dynamical basis of the sum rule 2H_~=A_ 
-f-V52o+ (to be published). Attempts along this line have also been 
pursued by S. Hori et at. (private communication). If we assume 
that the K*—ir vertex is so large as to be responsible for the parity-
violating amplitude of hyperon decay, the KiQ-K£ mass differ­
ence will also receive a significant contribution from the vector 
meson intermediate states. [They contribute to Am(K°)<0.2 
Furthermore, the iTi° —> 2ir decay rate also turns out to be ex­
plained by the process K° —> K*-\-TT —•> ir-\-ir through K*—ir 
diagram. However, if we use our estimate of K*—-K vertex 
mentioned above, the contribution of K*—-K vertex to hyperon 
decay is only a few percent, and we were not able to convince 
ourselves that the K*—x contribution is so important. The same 
point of view was also expressed by J. C. Pati, Phys. Rev. 130, 
2097 (1963), footnote 14. 
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Ki°-K2° mass difference seems rather reasonable, es­
pecially if we take the Gell-Mann model and can neglect 
the dipion contribution. 

In the following discussion, we thus use the value 
obtained in (4) as a reasonable measure of the magni­
tude of fw- We add more comments on the Ki°-K2° 
mass difference in Sec. VI. 

III. K2° -> 2y DECAY 

We now use the dynamical model to calculate the 
K2° —> 2y decay rate. In this model, the K2° meson 
first goes to a 7r°(?70) mesqn through the weak Lagrangian 
of Eq. (2), and the 7r°(?70) meson decays into the two 
final-state photons. From the SU(3) transformation 
properties of electromagnetic interactions, we have the 
relation 

M(v° -> 27) = 3~1/2M(TT° -> 2 7 ) , (6) 

where M(rj° —> 27) and M(ir° —» 27) are, respectively, 
the 7}° —> 27 and w0 --> 27 decay matrix elements. 

The decay rate is then 

P(K2°-> 2T) 
r MK2 MK2 "i2 

- V + 
Lm^—ntK2 3(mv

2—mK2)-i 

X( — )P(T°->2y). (7) 
\ W 7 r / 

Once again, the T and 77 pole terms tend to cancel each 
other, leading to a small decay rate. Now, using the 
latest experimental value of the 7r° —> 27 decay rate,21 '22 

1 / p ( 7 r o ^ 2 7 ) = (1.05±0.18)XlO-1 6sec, (8) 

we find12 

P(Z 2°->27)«0.76( l=b0.5)X10 4 sec"1. (9) 

Up to now we have used the electromagnetic coupling 
of the 7T° and 77° mesons in the exact SU(3) limit. In 
order to take into account the symmetry-breaking in­
teractions, we use the model23 in which photons interact 
with the pseudoscalar mesons through the neutral in­
termediate vector mesons having their observed masses. 
In order to explain the mass spectra of the vector 
mesons, it has been proposed that the observed co and <p 
mesons are linear superpositions of coi (a unitary singlet) 
and co8 (the I=Y=0 member of a unitary octet).24 If we 

21 G. V. Dardel, D. Dekkers, R. Mermod, J. D. V. Putten, M. 
Vivargent, G. Weber, and K. Winter, Phys. Letters 4, 51 (1963). 

22 R. G. Glasser, N. Seeman, and B. Stiller, Phys. Rev. 123, 1014 
(1962); R. F. Blackie, A. Engler, and J. Mulvey, Phys. Rev. 
Letters 5, 384 (1960). These authors reported the rate of x° -> 2y 
decay, which is smaller than (8) by a factor 2-3. 

23 M. Gell-Mann, D. Sharp, and W. G. Wagner, Phys. Rev. 
Letters 8, 26 (1962); S. Hori, S. Oneda, S. Chiba, and H. Hiraki, 
Phys. Letters 1, 81 (1962). This vector-meson dominant model 
seems to have been successful in predicting the branching ratio 
P(co -> ir+y)/P(<a -> 3TT) and P(r/ - » ir+Tr+y)/P(ri -> 2 7 ) . 

24 S. Okubo, Phys. Letters 5, 165 (1963); J. J. Sakurai, Phys. 
Rev. 132, 434 (1963). 

A N D K O R P P 

write 
| ^ ) = cos(9|co8)-sin<9|coi), (10) 

I co) = sin# I co8)+cos01 coi), 

then the SU (3)-invariant vector-vector pseudoscalar-
meson Lagrangian becomes25 

£ = 7r°p°{co(g cos0+/s in0)+*>( /cos0-g sin0)} 

+ 7]°{a)2(g cosO-%fsm2d)-<p2(g sinfl cos0+| /cos 20) 

+co^(gcos26>-| /sin2i9)+i/pV0}, (11) 

where g and / are, respectively, the singlet and octet 
(ZMype) coupling constants. 

The vector-meson-photon vertices satisfy the SU(3)-
type relations 

GWly=0, Gpy=\SGWsy. (12) 
Thus, 

M(7r°-^2T) = 3-1/2(GP7)2 

1 
x {f+e(g sin0 cos0-/cos 20)} , 

mp
2mw

2 

€= {m^—mj)lmw
2. 

Similarly, 

M(v° -+ 2 7 ) = ( G , T y « p « ) ( i / ) ( l - j 8 ) , 
where 

0= \ {mP /mY{ 1 -2\((g/f) sin20+cos20) 
+X2 cos20((2g//) sin20+cos20)} 

and 
2 1 1 2 X 1 1 

m2 mw
2 m<p2 m2 mw

2 m^ 

The rate of the K2° —> 2y decay will thus be enhanced 
by the factor ( I + 7 ) 2 , where 

_ (M^-MK2) /mw\2 ( l ~ / 3 ) / 

2{m^—m^)\mp) f+e(g sin0 cos0—/ cos20) 

I t is found that the value of 7 is quite insensitive to 
the numerical values of 0 and g/f which are discussed 
in the literature.26 All give a value around 7——2.3, 
from which 

P(K2°-> 27) ~5.9(1±0.5)X10 4 sec"1. (13) 

The co— (p mixing effect thus can increase the K2°—>2y 
decay rate by an order of magnitude. 

The branching ratio of K2° —> 27 decay is thus pre­
dicted to be around 0.35% of K2° decay. An experimen­
tal check on this point27 will be enlightening in testing 
the model discussed in this paper. 

25 For instance, S. L. Glashow, Phys. Rev. Letters 11, 48 (1963). 
26 Y. S. Kim, S. Oneda, and J. C. Pati, Phys. Rev. 135, B1076 

(1964). 
27 See also J. Dreitlein and H. Primakoff, Phys. Rev. 124, 268 

(1961); N. Cabibbo and E. Ferrari, Nuovo Cimento 18, 928 
(1960). 
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IV. *r2° -> tt++*-+Y AND K+ -* « + + « ° + Y DECAY 

As another test of our scheme for the nonleptonic in­
teraction, we discuss in this section the radiative decays 
K2° —->7r++7r~+Y and K+—>7r++7r°+7. In the follow­
ing discussion we shall estimate the rates, using the 
pseudoscalar-meson pole approximation and the SU(3) 
symmetry: 

(a) K2°-^>K++IZ-+V Decay 

According to CP invariance, K2° —> 7r++7r~ decay is 
not allowed. Thus, there is no internal bremsstrahlung 
contribution in this case. The CP invariance leads to 
the expectation that the Ml photon amplitude domi­
nates for this decay.28 We know that the Ml photon 
process, rj° —» 7r++7r~+7, is one of the main modes of 
7] decay, so that we anticipate that the contribution of 
the ?;-meson pole term could be important for the 
K2° ~^"ir++TT~+y decay. Likewise, we have to consider 
also the pion pole term. In the following, we estimate 
these contributions using the vector-meson-dominant 
model.23 Note that the diagrams such as those corre­
sponding to 

i r 2 ° - ^ c o 0 - > 7 r + + 7 r - + 7 , 

i r 2 ° - > p ° - > 7 r + + 7 r - + 7 , 

do not contribute because of invariance. I t is also clear 
that the dipion resonance cannot enhance the final-
state interactions, since the K2°^a°-\-y transition 
does not take place. The resultant Feynman diagrams 
are illustrated in Fig. 1. For the p7T7r-type vertices we 
use the SU (3)-invariant Lagrangian2 

£FPP=iG p „Tr (F M [P ,d | l P] ) , (14) 

where FM is the 3X3 matrix corresponding to the octet 
of vector mesons. The coupling constant Gpvir

2/4^r is 
approximately 0.50, corresponding to the width —100 
MeV of the p meson. For the px7-type vertices we use 
the following SU(3) generalized form of interaction: 

+ dyir~p8
++^dyVW+ dyK!-Ki*++ dyK+K8*-

-2dyK
QK^-2dyK

QK^+ • • • } . (15) 

The coupling constant Xp7r7 can be estimated from the 
7T°—> 27 decay rate. Using the model in which the pion 
first emits one of the final-state photons and an inter­
mediate p meson, which subsequently decays into the 
other photon, we write the decay rate as 

a / X P 7 T 7 \ 2 

P(7r°->27)^—f )mj, 
16\GpT7r/ 

where a is the fine-structure constant. 

28 For the detailed discussion of the final-state interaction in 
K —>7r-f-7r-r-Y decay, see H. Chew, Nuovo Cimento 26, 1109 
(1962). 

(a) (b) 

(c) (d) (e) 

FIG. 1. Feynman diagrams for the K2° —> Tr+-\-ir~-\-y decay. The 
circle denotes the one-pole weak transition. In diagrams (a) and 
(c), the weak-coupling constant is fw(—fnK2), while for (b), (d), 
and (e) fw{.—nij). 

From the rate of ir° —> 27 decay (8), we find 

^ 3 A p 7 r 7
2 ~1 .3Xl0 2 0 sec"1. (16) 

Now the amplitude corresponding to the diagrams of 
Fig. 1(a) takes the form13 

( MR2 WK2 \ 
1 )fwkpTryGpVirepy\p 

m^—mK2 mv
2~MK2/ 

1 

MP
2+(P++P~)2 

where k, p+, and p~ are respectively the four-momenta 
of the photon and the ir+ and ir~ mesons. ev represents 
the polarization four-vector of the photon. We have here 
used the exact SU(3) relations for the coupling 
constants: 

UW)K2«-*^3-II2UW)K2«->J, 

and 
•\f%\ 0 0 = \ 00 
v o / \ p 7T y A p rj 7 • 

In a similar way, we can construct all other relevant 
Feynman amplitudes.29 I t should be noted here that the 
weak coupling constant fw is a function of the square of 
the external momentum q2. For the diagrams in Figs. 
1(a) and 1(c), q2=~niK2. For the diagrams in Figs. 
1(b), 1(d), and 1(e), q2=—mT

2. In what follows, we 
shall use fw to denote fw(q2— —WIK2), and 7 to denote 
the difference 

fw(—mr2) — fw(—mK
2) 

7 = ; • (17) 
fw{—mK2) 

29 In the intermediate states we have neglected the mass differ-
nece between p and K* meson and used the exact SU(3) relation 
(14) and (15). This does not lead to a serious error unless the KKp 
coupling constant turns out to be very different from the predicted 
value of SU(3) symmetry. 
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Then, after a lengthy numerical integration, we find 

P(Z"2°->7r++7r-+7) 

= 0 .51( l+0 .537-0 .0037 2 ) ( l±0 .5)Xl0 3 sec- 1 , 

which, assuming t h a t / V is constant,30 7=0? is 

P(K2°-> 7r++7r-+7)«0.51(1±0.5)X103 sec"1. 
Thus, we find that P(AV>-->ir++?r~+7) is small. This 
is due partly to the fact that the contribution of the 
pion-pole term interferes destructively with that of 
77-meson pole term, and partly to the momentum-barrier 
suppression effect for the Ml photon. If we include the 
co-(p mixing in the y-3Ps meson vertex, we then obtain 
a larger value for the decay rate. (See Appendix.) 

P(ir2
0->7r++7r-+7) 

^ ( 2 - 3 ) X ( l ± 0 . 5 ) X l 0 3 s e c - 1 . (18) 

(b) K+ - » * + + * ° + y Decay 

Let us next discuss the K+—> 7r++7r°+y decay. In 
this case, we have the internal bremsstrahlung contribu­
tion associated with the observed K+—>7r+4-7r° decay. 
As regards the direct amplitude we have, of course, the 
Ml photon emission amplitude analogous to the one in 
K2° —> 7r++7r~"+7 decay discussed above. In addition, 
we may expect a sizable contribution in this case from 
the amplitude of the following form: 

(e»K-epk»)P»KP+F((p+ • k),(PK' k)). (19) 

In the SU(3) octet scheme, the K+—> 7r++7r° decay is 
the process of order e2, whereas the K+—> 7r++7r°+y 
decay is of order e. Thus, unless the momentum-
barrier effect prevents the radiative decay, one may ex­
pect that the branching ratio of radiative decay will be 
rather high. However, the observed ratio, though not 
comfortably accurate, is very small and in rough agree­
ment with the calculation without direct interactions.31 

Cabbibo and Gatto32 have tried to show the smallness 
of the direct term of the form (19). However, the calcu­
lated term gives a vanishing result if we neglect the mass 
difference of the charged and neutral pion. A plausible 
model calculation has been performed by Pati,33 and also 
by Pepper and Ueda.34 They both inferred that the 
contribution of the term (19) would not dominate the 
internal bremsstrahlung term. [Note that there is an 
interference between the internal bremsstrahlung term 
and (19), but the Ml term will not interfere with 
either of them.] Therefore, it is interesting to study 
the contribution of Ml photon emission term. For 
K+—-> 7r++7r°+7 decay, only the pion-pole term con-

30 Unless there is a strong momentum dependence of fw(q2), 
which is not likely, the value (18) would not change significantly. 

31 J. Good, Phys. Rev. 113, 352 (1959). 
32 N. Cabibbo and R. Gatto, Phys. Rev. Letters 5, 382 (1960). 
33 J. C. Pati (private communication). He used baryon loop 

model. 
34 S. V. Pepper and Y. Ueda (to be published). 

tributes, in contrast to the K20 —» 7f~f~+7r~+y case. Con­
sistently, we neglect the vector-meson contribution as 
we did in the problem of Ki°-K2° mass difference. There 
are altogether ten corresponding Feynman diagrams 
similar to Fig. 1 which are destructive. Carrying out a 
calculation quite similar to that for the i r 2 ° -^7r + +x~ 
+ 7 decay, we then obtain for the total Ml emission 
rate (including the effect of 00-<p mixing. See Appendix). 

PMi (^ + - ^7 r++7r °+7)^ ( l±0 .5 )X10 2 sec - 1 . (20) 

This value is smaller than the contribution from the in­
ternal bremsstrahlung. The experiments by Monti 
et al.Zh for the 7r+ energy between 55 and 80 MeV give 
the branching ratio 

R= p(K+ -> w++ir0+y)/P(K+ -> a l l )«8X10" 4 , 

while the internal bremsstrahlung alone gives only 
1.6X10~4 for this ratio. The present estimates of M1 
photon emission for this range of pion energy give 

Rm=P(l£+-> 7r++7r°+7)Mi/P(^+-> all) » 1 X 1 0 " 6 . 

Thus, we do not expect that the Ml photon emission 
mechanism considered here does increase the rate of 
K+—» 7r++7r°+7 decay significantly, and the rate will 
be essentially dominated by the internal bremsstrahlung 
contribution. We certainly need better experimental 
statistics before drawing any definite conclusion from 
experiments.36 I t is, however, clear that the observed 
small rate of K+—>7r++7r°+y decay does not present 
any contradiction to the | A / | = \ rule. We hope that a 
systematic study of K+—-> 7r++7r°+y decay will soon 
settle the problem. 

V. COMMENT ON K -> 3x DECAY 

In the preceding discussion, we have used the value 
of the coupling constant fw given by (4) estimated from 
the Ki°-K2° mass difference. We now consider the same 
approximation for the K —•> 3w decay. 

(a) Pion-Pole Approximation in K —> 3?c Decay 

We write the total amplitude in K —> 3TT decay in the 
following form, using the linear matrix-element theory 
in which the denominators of Feynman propagators are 
approximated as constant: 

Mk = Ck[_l+ak(Sz-So)/?n^. (21) 

35 D. Monti, G. Quareni, and A. Quareni Vinudelli, Nuovo 
Cimento 21, 550 (1961). 

36 Our results on the rates of K2° —> 7r++7r"~+y and K+ —* ?r+ 

+7r9-f-y decays seems to be smaller by an order of magnitude than 
the corresponding values given in the Ref. 34. This is due partly 
to the fact that our value piry coupling constant (based on the 
vector-meson dominant model for 71-0 —> 2y decay) is smaller than 
the value used in Ref. 34. It may also be due to the fact that in 
Ref. 34, the contributions of the diagrams of the type Figs. 1(b), 
1 (d), and 1 (e), which should be considered in the SU(3) symmetry 
on an equal footing, are not included. We would like to thank 
Dr. C. Kacser and Dr. P. Singer for pointing out the possible 
importance of the Feynman diagrams which were not considered 
in Ref. 13. 
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k specifies whether the decay is in the r or T mode or 
K20 modes. Si= — (q—pi)2 and q and pi are the four 
momenta of the kaon and pions, respectively. p% 
stands for the unlike pion (in the case of K20 decay, the 
7T° meson). So is the symmetric point defined by 

So=tnir
2+iniK2-

Ch denotes the totally symmetric constant amplitude 
which dominates the decay rate. The data collected by 
Berley et al.z1 indicate for the values of the asymmetry 
parameter 

aT~ -0 .089 , a r , « 0 . 1 8 . (22) 

Let us first discuss the constant amplitude. In the eight­
fold way, we have two diagrams shown in Fig. 2. We use 
the SU (3)-invariant Lagrangian 

£ = 47r\[>rc+V) 2+KK+K°K°J (23) 

for the four-point interaction of the PS meson with the 
coupling constant A. Then from Figs. 2(a) and 2(b), we 
obtain 

C r=2CV = - 6 4 \ 

XQ/V(—mK
2) — fw(—WTT2)]-

mK
L 

(24) 

Here we have taken into account the momentum de­
pendence of the vertex fw as in (17). If this momentum 
dependence is small, as we usually expect, the contribu­
tions of the two diagrams tend to cancel each other as is 
seen in (24). This appearance of dynamical suppression 
for the otherwise most contributing diagrams is, in 
fact, a rather welcome situation in our dynamical 
model.38 From (24), the r-decay rate can be calculated as 

= 8 0 X | 7 M - ^ K 2 ) | 2 | A | 2 M e V , (2 5) 

where 7 is again given by (17). 
With the value of fw(—niK2) given by (4), and the 

value X=— 0.18±0.05 deduced by Hamilton et al.,39 

the comparison with the observed rate indeed indicates 
the need of suppression of the order | Y | 2 ~ 1 / 1 5 . Since, 
as shown above, we can reasonably expect the occur­
rence of the suppression40 of the constant amplitudes 
(Fig. 2), our estimate of fw(~niK2) in (4) does not lead 
to any contradiction as far as the rate is concerned. How­
ever, in order to obtain a consistent dynamics, we have 
also to check the asymmetric components. Since we 

37 For instance, see D. Berley, D. Colley, and J. Schultz, Phys. 
Rev. Letters 20, 114 (1963). 

38 S. Hori, S. Oneda, S. Chiba, and A. Wakasa, Phys. Letters 5, 
339 (1963). 

39 J. Hamilton, P. Menotti, G. Dades, and L. Vick, Phys. Rev. 
128, 1881 (1962). 

40 | T | 2 could be smaller than 1/15. In this case, we can imagine 
that contributions other than the pion-pole diagram also contrib­
ute to the constant amplitude appreciably so as to obtain the 
observed rate. This is natural, since in such an approximation we 
usually assume that the background effect is around 10% or less. 

(a) (b) 

FIG. 2. Feynman diagrams for the symmetric constant amplitudes 
of K —> 3TT decay in the pion-pole approximation. 

expect a suppression of the constant amplitude, we 
have to worry about the possibility in our model 
that the asymmetry parameter becomes too large. 
Now we first discuss the asymmetric components by 
assuming that the P-wave final-state interaction due to 
vector-meson resonance states dominates the processes 
under consideration.41 Hori et al.u have shown that in 
the one-pion-pole approximation, if we include all the 
possible contributions due to vector mesons (p and K*) 
which are allowed in the eightfold way, the asymmetric 
components themselves also tend to cancel each 
other (they again are proportional to [_fw{—niK2) 
— fw(—ntir

2)'] in the limit of SU(3) symmetry and of the 
momentum independence of fw In fact, if we keep this 
momentum dependence, the asymmetry parameter 
can be expressed as42 

1 

Lf(-mK
2)-f(-mT

2n 
fl GpKK 

where 

X f{-mK
2)-f(-mA 

L \2 Gp7r 

r*2—So/ J 

GK*KTT2 nip2—SO \ ~ | 
+i ) , (26) 

Gp7nr
2 MR* 

a P = — ( -
4X\ 4TT 

\ MTT2 

)niP
2—\niK2— 

- 0 . 0 8 5 . (27) 

%mK'—m^ 

Now, if we insert the observed mass of the K* and p 
meson, and the values of the vector-meson coupling 
constants GK*K-K and Gpir7r with which the experimental 
widths of the K* and p mesons are best fitted, we obtain 

GK*Kw2 mp
2—SO 

GW 2 niK*2—So 
'1. 

Then, if the SU(3) prediction 

GpKK—GpTnc 

(28) 

(29) 

41 Such a possibility has been considered by M. A. Bagi Beg and 
P. C. DeCelles, Phys. Rev. Letters 8, 46 (1962); Riazuddin and 
Fayyazudin, ibid. 7, 464 (1961); G. Barton and S. P. Rosen, ibid. 
.8, 414 (1962); C. Kacser, Phys. Rev. 132, 339 (1963). 

42 S. Oneda and Y. S. Kim, University of Maryland, Technical 
Report No. 357, 1964 (unpublished). 
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holds, we obtain from (26) and (27) 

aT~ap~ - 0 . 0 8 6 , (30) 

which surprisingly well reproduces the experimental 
value [Eq. (22)]. 

Thus, we have shown that in our model both the 
constant amplitudes and the asymmetric components 
receive the same suppression effect due to SU(3) sym­
metry; and the relative ratio of their magnitudes 
[i.e., aT, Eq. (30)] does not exceed the observed value 
and, as a matter of fact, is close to the observed one. 
We have demonstrated above that there will be no un­
usual enhancement of the asymmetric parameter cor­
responding to the suppression of constant amplitude. 
In this respect, our model does not show any inconsistency 
with regard to either the rate or asymmetric components. 

Now, if we assume that the nonleptonic interactions 
have an origin different from the usual current-current 
picture43 (in contrast to the leptonic processes), the 
above discussion may provide an attractive explana­
tion of the observed sign and magnitude of asymmetry 
parameter of K —> 37r decay.42 However, if we insist on 
the current-current interactions, the above discussion 
on the asymmetric components does not exhaust the 
whole story. We have to expect an asymmetric contri­
bution also from the intrinsic vector nature of the 
primary weak interaction. We write the strangeness-
violating basic interaction in the form 

= / * S « t + H . c . , (31) 

where Ja and Sa, respectively, denote the strangeness-
conserving and -nonconserving currents; and they, of 
course, consist of vector and axial-vector currents. Now 
let us, for instance, look at the following matrix element, 
which is obtained by a simple factorization of the vector 
part of current-current interaction: 

(TT+TT0 IJ JI 0)(TT0 ISJ^ | K+). (32) 

This matrix element can contribute to the asymmetric 
component of r ' decay, whose magnitude is calculable, 
since (TT° 1Sa

Ft | K+) is the matrix element of K+—> TT° 
+e++v decay, and (TT+TT0 | / « y | 0 ) is that of TT+->TT0 

+e++v decay. I t turns out that the magnitude of av 
calculated from this intrinsic structure of weak inter­
actions can contribute as much as 60% (sign is un­
known) of the observed value.44 From the neutral vec­
tor currents (which are supposed to be there from the 
strict | A/1 = | rule), we also obtain aT(av = — 2aT). 

Thus, we have demonstrated that the intrinsic vector 
nature of basic interactions alone can give rise to a 
sizable amount of asymmetric components of K —» 3TT 
decay. The actual situation is more complicated, since 
both the final-state interactions due to the vector reso­
nances and the intrinsic mechanism will operate in the 

43 For instance, see R. E. Marshaki, C. Ryan, T. K. Radah, and 
K. Raman, Phys. Rev. Letters 11, 396 (1963). 

44 J. C. Pati and S. Qneda, Phys. Rev. 136, B1097 (1964), 

current-current picture of weak interaction. We shall 
content ourselves with noting that a consistent dynami­
cal picture could be obtained, since the suppression 
factor 7 can be regarded, at the moment, as an adjusta­
ble parameter.40 

Finally, we shall add a comment on the similar decay 
rj —» 3TT. Hori et al.Z8 have also shown that a similar 
cancellation of the constant amplitude takes place in 
this case. However, for the asymmetric components 
there exists no cancellation in the vector-meson con­
tributions, unlike the K —* 3TT decay case discussed 
above, so that we should expect a larger P-wave con­
tribution in the rf—* Tr++Tr~"+Tr° case. (We note here 
that there are no intrinsic asymmetry components in 
rj —» 3TT decay, in contrast to the K —•» 37r case, since 
7]—>TT+Y transition is forbidden.) Recent experiments 
seem to indicate that this is the case.45 

Brown and Singer46 have recently shown that the exist­
ence of the dipion a0 could explain the asymmetry and 
branching ratio of rj —> 3TT and K —> 3TT decays. We would 
like to say a word about a connection between their 
model and ours. If the dipion really exists, it would 
dominate the low-energy behavior of the pion-pion 
scattering. This would force us to redefine the coupling 
constant X of (23) in terms of the masses and widths of 
the dipion17'18 and its SU(3) counterparts. In our one-
pole approximation we can accommodate this situation 
by inserting the propagators of the dipion and its 
SU(3) counterparts in the vertices where Eq. (23) is 
operating in Fig. 2. I t is then easy to see that if the 
dipion belongs to the SU(3) singlet, the same cancella­
tion occurs as discussed before. Therefore, our conclusion 
would not change. If, however, the dipion belongs to a 
higher multiplet, then we may have to consider the mass 
splitting among the multiplet members. For instance, 
if the cr° meson with its mass 390 MeV and width 75 
MeV is the / = F = 0 member of an octet, and if other 
members have much masses, then the Brown-Singer 
effect would actually take place as a consequence of this 
violation of the SU(3) symmetry in our model for both 
the rj and K decays.47 However, we also note that the 
assumption is not easily justified that the dipion effect 
is entirely responsible for the asymmetric component of 
K—>3TT decay, since the intrinsic current-current 
nature of the weak interaction itself can lead to a sizable 
asymmetry in K —> 3TT decay. 

(b) Possible Violation of | A / | = - | Rule in 
the K2° -> 3 * Decay 

We note that the T\ —-> 3TT decays are electromagnetic 
processes, and compete favorably with the T\ —* 27 or 
7] —» Tr++Tr~-f-7 decays. Thus, if we take the standpoint 

45 S. Oneda, Y. S. Kinl, and L. M. Kaplan, Nuovo Cimento 
(to be published). 

46 F. C. Crawford, Jr., L. Lloyd, and E. Fowler, Phys. Rev. 
Letters 10, 546 (1963) and 11, 564 (1963). 

47 L. M. Brown and P. Singer, Phys. Rev. Letters 8, 460 (1962) 
and Phys. Rev. 133, B812 (1964), 



S U ( 3 ) S Y M M E T R Y A N D N O N L E P t O N l C f - M E S O N P R O C E S S E S B 1071 

that the violation of the | AI \ = \ rule is strictly due to 
the electromagnetic interaction, the 77-meson pole con­
tribution is the most likely candidate for the violation 
of I AI I = J rule in the K2° —> ST decay. We present here 
a crude estimate of48 the strength of this violation based 
on the SU(3) symmetry and available experimental 
data on the rj decays. For simplicity, we assume here 
that the rj decay is dominated by the symmetric con­
stant amplitude,49 and we determine the magnitude of 
this amplitude from the total decay rate. Then the devi­
ation from the | AI \ = \ rule in the K2° —» 3x decay 
rates can be expressed as50 

P(K2°-> 7r++7r-+7r°) 
= ( l -o ; ) 2 P | A J | = 1 / 2 ( i r 2

0 ->x++x-+7r 0 ) , (33) 

P(i£2°->7r0+x°+7r°) 

= (l-^)2P|Ai|=i/2(^20->7r0+7r°+7r0), (34) 

where 

P|AJ|=i/2(ir2°->7r++7r-+7r0)= (2.87±0.23)X106 sec""1, 

iVl=i/2(^2°^7rM-7rM-7r°)= (5.55±0.44)X 106 sec"1, 

are the rates predicted from the observed P(K+-^TT+ 

+7r-+7r+) and P(K+ -> x++7r°+7r°), using the | AI \ = J 
rule.51 

The parameters x and y are related to the strength of 
the ?7-meson pole contribution and to the rates of r\ 
decay by 

x 2 =8. lXl0 9 | / K o ? 7 o |2 { p( 7 ? o__ > 7 r + + 7 r - + 7 r o) i n e V } j (35) 

3; 2=8.1X10 9 | /xVl 2{^(^ 0-^7r 0+7r 0+7r 0) ineV}, (36) 

where fK°v
Q is the K^—tf coupling, and is 3 _ 1 / 2 of fw if 

we use the octet scheme discussed in Sec. I I . Unfor­
tunately, we do not have experimental values of the 
7} —> 3ir decay rates. We thus make a theoretical esti­
mate based on the SU(3) symmetry. From the largest 
decay rate of the 7r° —> 2y decay so far reported, 
P(7T0-* 2 7 ) ^ 6 eV, we obtain P ( T ? ° - > 2y)~U0 eV us­
ing the SU(3) symmetry. From the branching ratios46 

of 7] decays, we have a rough estimate: 

P( 7 ?o_^ 7 r++ 7 r-+ 7 ro)^ 1 1 2_ 4 0+ii2 e V ? (37) 

P{rf-> 7r0+7r0+7r0)«93_57+165 eV. (38) 

Thus, with the value fw in (4), we obtain 

x2~ (0.90_o.32+0-90)X (1=1=0.5) X 10-2 , (39) 

y2~ (0.75_0.46+1-33)X (1±0.5)X10- 2 . (40) 

48 However, this does not mean at all that the vector meson p 
contribution to the asymmetric component estimated in Ref. 45 
is negligible. 

49 For more general treatment (without assuming the octet 
model of nonleptonic interaction), see Ref. 12. 

50 The rf —»7r+-{-7r--f 7T° decay seems to have a rather large 
asymmetry, but this will not produce a serious error in the follow­
ing argument. 

61 See for instance, R. H. Dalitz, Brookhaven National Labora­
tory Report No. 837, 1963 (unpublished). 

Recently, Stern et al.b2 reported the rate 

P(ir2°->7r++7r-+7r0)= (2.90±0.72)X106 sec"1, 

which is in rather good agreement with the strict 
IA71 = J rule. I t should be noted, however, that the 
experimental error is still large. I t should also be noted 
that the measurements on the 7r° —> 27 rate, the Ki°-K2° 
mass difference, and the t\ —> 37r branching ratios are 
still controversial (within a factor 2 to 3), and that this 
can cause a still larger change in the value of the param­
eters x and y. Thus, we hope that these experiments will 
be comfortably settled in the near future. If we use 
tentatively the values Am(K°)~0.65XlO-n MeV and 
PW )-^7r++7r-+7r°)«112 eV we obtain | a | « 0 . 1 , 
which is not inconsistent with the present experimental 
data.63 If it turned out that the violation of the rule is 
indeed very small, then it will be a good indication 
either (a) that the numerical value of /x%° is smaller 
than what we would expect from the SU(3) octet model 
of the weak transition, or (b) that some other effect 
like the contribution of the unitary singlet 7 = 7 = 0 
pseudoscalar meson v\ becomes important. 

In case (a), the contribution of the 77-meson term in 
the K?-K£ mass difference will be small, and as a con­
sequence, the pion term becomes important, so that we 
expect/K%°«/ic°7r and 

w ( Z i 0 ) < w ( Z 2
0 ) , (41) 

contrary to Eq. (5). For a general discussion of this 
problem without assuming the SU(3) octet model, see 
Ref. 12. 

VI. CONCLUDING REMARKS 

In this paper we have attempted to look for the ex-
perimetal consequence of the SU(3) octet scheme for 
the nonleptonic X-meson processes. We shall summarize 
our main results and add a few further comments. 

(a) 2£ i ° - K2° M a s s Difference 

As a way of estimating the weak-coupling constant fw 
in the PS-meson pole approximation, we have used the 
experimental value of K1°-K2° mass difference. The 
necessary consequences of this procedure were the 
estimate of fw given in (4) and the sign of the mass dif­
ference (5) [i.e., m(Ki°)>m(K20)2- We have remarked 
that the dipion will not make a contribution in the Gell-
Mann-Cabibbo model.19 We also inferred that the 
vector-meson contribution is negligibly small.20 As re­
gards the magnitude of fw, we may encounter an ob­
jection that our value of fw is too large. Perhaps such 

52 D. Stern, T. Binford, V. Lind, J. Anderson, F. Crawford, Jr., 
and R. Golden, Phys. Rev. Letters 12, 459 (1964). Earlier refer­
ences are cited there where the discrepancy from | AI \ = \ rule 
was larger. 

53 We feel that in the present model the violation of the | AI | = % 
rule more or less of this order is rather expected, unless other 
contributions (for instance, the unitary singlet / = F = 0 V-meson 
contribution) are important. 
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-Lrxru^j-
w 

(a) 

Xnj\ru— 

FIG. 3. Feynman diagrams 
which may dominate the weak 
K—ir(r)) transition mechanisms. 
W denotes the intermediate vector 
meson. 

K W irk)) 

(b) 

an objection will arise if we make an estimate of the 
K—ir vertex by using a factorization approximation for 
the axial-vector currents (7r+1 Ja

A 10) (01 Sa
A \ K+). Since 

(*+\JaA\0) and (0\Sa
A+\K+) are the form factors of 

7r—»jH-V and K—>/*+/ decay, respectively, we can 
evaluate this term and obtain17 

M-w*2)~7.4Xl0-16, (42) 

which is certainly smaller than the value obtained in 
(4). However, we do not think that this term dominates 
the real K—x transition. Here we recall the discussion 
of Sec. V for the K —» 3w decay, where we have met 
with a similar example. There we discussed the term 
( x + x ° | / a

F | 0 ) {0\Sa
vl\Tr°K+) obtained from a similar 

factorization procedure. However, this term only con­
tributes to the asymmetric components, and its con­
tribution to the decay rate is negligibly small. Thus, it 
is not surprising that the term (7r+ | /a^|0)(0|5a t^| JK:+) 
also contributes only a few percent to the actual K—ir 
coupling.54 As a possible mechanism which dominates 
the i£—T(TJ) transitions, we may mention the Feynman 
diagrams shown in Figs. 3(a) and 3(b). W denotes the 
intermediate vector meson. The coupling constant at 
each vertex of Fig. 3 is determined if we assume that Ja 

and Sa belong to octet from the known leptonic decays 
and SU(3) symmetry. We anticipate that this will lead 
to a larger value of fw than (14). 

Now we turn to the sign of the mass difference. In 
Eq. (3), the sign is determined by the difference of two 
terms which are of a comparable order of magnitude, 
and it is sensitive to the ratio /x 0 , 0 / /^ 0 * 0 . The unitary 
singlet PS meson (which we call rjf in this paper) could 
contribute if it exists, and its contribution to Am(K°) 
will be positive or negative according to ?nv>>niK or 
mv><niK, respectively. The present experimental evi­
dence55 indicates m, '«960 MeV, so that its contri­
bution is positive. Therefore, its existence favors more 
the case m(Ki°)>m(K20)^ and its inclusion in our 

64 The terms obtained by factorizing the currents have a 
momentum barrier, so that it will be dominated by other less 
momentum-dependent terms. 

55 G. R. Kalbfleisch, L. Alvarez, A. Barbaro-Galtieri, O. Dahl, 
P. Eberhard et at., Phys. Rev. Letters 12, 527 (1964); M. Goldberg, 
M. Gundzik, S. Lichtman, J. Leitner, M. Primer et ah, ibid. \2, 
546 (1964). 

discussion of Sec. I I will lead to a slightly smaller value 
of fw than (4). Of course, since r[ is heavy, its contri­
bution will be relatively unimportant unless / K % ' is 
very large. 

On the other hand, if we really want to obtaim 
m(Ki°)<m(K2°) in our model, we probably have to 
look for the effect of the violation of SU(3) symmetry, 
unless the vector-meson intermediate states are im­
portant.56 For instance, let us look at Fig. 3. The mass 
splitting between the intermediate particles IT, K, and 77 
could violate the SU(3) symmetry relation given by (2). 
If, however, the PF-meson mass is much larger than the 
mass splitting, the violation may not be so large as to 
induce the change in the sign of mass difference. 

Perhaps we cannot really argue about the sign until 
we have a reasonable understanding of the effect of 
symmetry-breaking interactions.57 

(b) X-Meson Decays 

We have calculated the K2° —» 27 decay rate 

P(Z 1°->27)^0.76( lz t :0 .5)X10 4sec- 1 , 

which is enhanced by the 00— cp mixing effect to 

P ( i r 2
0 - ^ 2 7 ) « 5 . 9 ( l ± 0 . 5 ) X l 0 4 s e c - 1 . 

If we adopt the latter value,58 

i W - 27) 

(#2° all) 
;3 .5X(1±0.5)X10- 3 . 

We hope that this ratio can be checked experimentally 
in the future. 

Our value is smaller than expected59 owing to the de­
structive interference between the w- and ??-meson pole 
terms. Nearly the same interference occurs for the case 
of K-^w+TT+y decay. We have obtained the decay 
rate (with co-<£> mixing) 

P ( Z 2
0 - ^ 7 r + + 7 r - + 7 ) ^ ( 2 ~ 3 ) X ( l ± 0 . 5 ) X 1 0 3 s e c - 1 

so that 
1 1 

> 27) c^—~— 
20 30 

in our model. 
We concluded that the contribution of the direct 

amplitudes inK+ —•> 7r++7r°+7 decay will be smaller than 

P(Z2° -> 7r++7r-+7)/P(^2° -

56 As mentioned in footnote 20, we are not confident of this 
possibility. 

57 One may speculate that there may be a rather large -q-v\' mixing 
(as in the case of co— <p mixing) which could change the relation 
(2). However, there is, at the moment, no compelling reason to 
expect a large r}—rj' mixing in contrast to the case of a>— <p mixing. 

68 We have used 1.7X107 sec-1 for the lifetime of K2° meson. 
J. V. Jovanovich, T. Fujii, F. Turkot, R. W. Burris, D. S. Loeb-
baka, and G. T. Zorn, Brookhaven National Laboratory Report 
No. 837, 1963 (unpublished). D. Luers, I. Mittra, W. Willis, and S. 
Yamamoto, Phys. Rev. 133, B1276 (1964). Other references are 
cited here. 

69 C. Bouchiat, J. Nuyts and J. Prentki, Phys. Letters 3, 156 
(1962). 
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the internal bremmstrahlung amplitude, so that the 
branching ratio of this decay will be essentially given by 
the latter term.60 We have shown that for the K —> 3ir de­
cays, our value of fw and the PS-meson pole approxi­
mation do not show any inconsistency with respect to 
either the constant or the asymmetric amplitudes. We 
have stressed that the more accurate measurement on 
the K20 —» ST decays will be useful in making an esti­
mate of the value of /x%°. 

In the end, we would like to remark that there is still 
a possibility that the unitary singlet rj' may also play a 
significant role in i£2°--> 27, 7 r + + 7 r + 7 , and ir+ir+ir 
decays. In the K£—* 27 and x + +7r~+7 decay, we en­
countered destructive interference, so that the if con­
tribution could become relatively important. Since the 
mass of the rf is rather high, we may as well hope that 
its effect will not affect our results appreciably. The ex­
perimental test of the results of our dynamical model 
may be interesting also from this standpoint. 

APPENDIX: THE EFFECT OF G>-*> MIXING ON 
THE K-XK+IZ+Y DECAY 

For the 7—3Ps meson vertices,61 we use the vector-
meson dominant model in which the 7—3Ps interaction 
is derived from the VPP and VPy interactions. Then, 
for the matrix element of K2° —> 7 r + + 7 r + 7 decay, we 
obtain 

and similarly for the K+ —»7r++7r°+7 decay 

/ mK
2 \ 

\f»Rf—tnJ/ 
H2)mfw[ — )X 

X (7-2)+ 
l-Acos2(H-(g//)Asin0 

:[(I+T)( 
2g 

/niK*' 
X | ( 1 + T ) ( - l+Xcos20H—Asin20 

m2 fm^—m^\\ 

mp
2\mK2— mv

2' J 
60 The recent experiment on the K+ —»7r+-f-7r°+Y decay seems 

to be consistent with the present result. See D. Cline and W. F. 
Fry, Phys. Rev. Letters 13, 101 (1964). 

61 This Appendix was added in proof. 

2(2)'/y, 
/ mi? \ 

A — ; ) • 
xntK2—1^^/ 

hpTyGpTmenvXpkfteppX+pp0-
1 

m0' 

X ( l - 5 7 ) -
1 + 7 

1-A cos2(9+ (g/f)\ sm2e\mK 

f MP
2 \ 

\niK*2' 

X [ m2 

3 - - 2 ( l -
4g 

Xcos2(9)H—Asin20 
/ 

in2<9 , 

where 6 is the co-cp mixing angle. All other quantities 
are defined in Sees. I l l and IV. In the above expression, 
we have neglected the momentum dependence of the 
vector meson propagator, which is not so important in 
the energy region under consideration. In the limit of ex­
act symmetry (the same mass for the vector mesons and 
0=0) , and in the approximation of constant fw ( 7=0) , 
the above matrix element for the i£+—->7r++7r°+7 
decay vanishes and that of the 7̂ 2° —-> 7r++w~+y decay 
is proportional to (AmK2-~3mv

2—mT
2) which will also 

vanish if we use the Gell-Mann-Okubo's mass formula. 
Thus, in the exact symmetry limit, these decays are 
forbidden in the present model. Thus, the nonzero decay 
rates are lately due to the symmetry breaking. As in the 
case of Ko2 —> 27 decay, the results are insensitive to 
the choice of mixing angle 6 and the g/f ratio. We obtain 

P(K2° - * 7T++x-+7)^ (2 -3 )X (1±0.5)X 103 sec"1, 

P(K+ -> 7 r + + 7 r - + 7 ) ^ ( l ± 0 . 5 ) X l 0 2 sec"1. 
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