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The P-wave intrinsic structure of K —> Sir decays is studied in the current-current picture for nonleptonic 
weak interactions, and it is shown that an accurate measurement of the asymmetry parameters of K —* 3TT 
decays could distinguish whether or not the | AT | = i rule is primary or dynamical. In case of the former, as 
is expected, not only the rates, but also the asymmetry parameters of K —> 3ir decays should be consistent 
with a dominant (i.e., apart from electromagnetism) | AT | = \ rule, while for the latter, one should expect to 
observe a large violation of the | AT | = J rule in the asymmetry parameters of K —» Sir decays with or with­
out a similar violation in the rates. Some comments are made concerning the general necessity of enhance­
ment of nonleptonic modes regardless of whether the | AT | = J rule is primary or dynamical. 

I. INTRODUCTION 

TH E | AT | = | rule1 seems to be working rather well 
for the nonleptonic weak decays. Its origin, how­

ever, is still not understood. There have been so far 
essentially two different suggestions for the origin of 
this rule. 

(A) The | AT| —\ rule is primary; i.e., the primary 
Lagrangian for nonleptonic weak decays of strange par­
ticles transforms as an isospinor. In such a scheme, if one 
wishes to maintain the current-current picture for all 
weak interactions, it is necessary to introduce neutral 
baryon currents together with charged ones. Further­
more, the observed small violations (less than 5-10% in 
the amplitude) of the | AT| = J rule are to be attributed 
to electromagnetism. In this scheme, one might wonder 
why there are no neutral lepton currents. 

(B) The | AT| —\ rule is dynamical2-4; i.e., the pri­
mary Lagrangian for nonleptonic weak decays is a mix­
ture of | A T | = | , •§,•** e t c , but the | A T | = J com­
ponents are enhanced relative to the other ones through 
some dynamical mechanism.5 In this scheme, the ob­
served violations of the I AT I = h rule are to be attri-
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1 The current evidence for this rule has been reviewed by R. H. 
Dalitz, Proceedings of the Brookhaven International Conference 
on Weak Interactions, September 1963 (unpublished). 

2 S. Oneda, J. C. Pati, and B. Sakita, Phys. Rev. 119,482 (1960); 
Nucl. Phys. 16, 318 (1960); Phys. Rev. Letters 6, 24 (1961). 

3 A. Salam and J. C. Ward, Phys. Rev. Letters 5, 390 (1960); 
A. Salam, Phys. Letters 8, 217 (1964). 

4 M. Gell-Mann and R. P. Feynman (private communication) 
have often emphasized the desirability of dynamical | AT | = J rule. 
See for example the discussion at the end of M. Gell-Mann, Rev. 
Mod. Phys. 31, 835 (1959). 

5 There have been different suggestions regarding such dy­
namical mechanisms. Within the Sakata or Sakata-like models 
(for example), it has been demonstrated by Oneda, Pati, and 
Sakita (Ref. 2) that the nonleptonic weak decays may be domi­
nated by two fermion transitions such as A —» n, which automati­
cally satisfy the | AT | = | rule. Recently such an approach has been 
adopted by J. Schwinger [Bull. Am. Phys. Soc. 9, 480 (1964) and 
Phys. Rev. Letters 12, 630 (1964)]. A slightly different but 
equivalent approach, and one which is capable of being extended 
easily to a more global model, is the tadpole mechanism of Salam 
and Ward and Salam (Ref. 3). See also a more recent work of 
S. Coleman and S. L. Glashow, Phys. Rev. 134, B681 (1964). 

buted to the "weaker" |AT|j^i|- transitions,2 and one 
can avoid the introduction of neutral currents. Further­
more, if one associates a strength / ' with the strangeness-
violating current,2 which is weaker than the strength / 
associated with the strangeness-preserving one,6 the en­
hancement mechanism allows us to explain simul­
taneously the faster rates of the nonleptonic modes to­
gether with the slower rates of the leptonic modes of 
strange particle decays. 

I t is important to ascertain which of these schemes is 
essentially correct. If on aesthetic grounds one would dis­
card the presence of neutral currents in scheme (B), 
then one feature, which could in principle yield a direct 
method to distinguish between the two schemes, is the 
question of whether or not there exist neutral currents 
in the weak nonleptonic Lagrangian. In the framework 
of weak intermediate bosons, one has to ask whether 
or not there are neutral counterparts of the charged in­
termediate bosons (yet to be found). Unfortunately, 
the presence of such neutral baryon currents and/or 
neutral intermediate bosons is hard to establish di­
rectly for a variety of reasons. For example, weak 
elastic (pp), inn), or (An)- • • scattering with a parity-
violating amplitude (that is hard to detect) is given 
not only by neutral currents, but also by purely charged 
currents together with strong interactions. Thus, in 
order to tell whether or not there are neutral baryon 
currents in addition to charged ones, it is necessary to 
establish the isotopic property of the above parity-
violating amplitudes. As regards the neutral inter­
mediate bosons, since they are not coupled to leptons, 
one has to look at the semiweak production of real W° 
by energetic pions or protons in processes such as 
T++P-*W°+TT++P or p+p-*W°+p+p, etc., with 
the subsequent strangeness violating decays of W° to 
(Kir) system. The cross sections for such processes 
[[taking the branching ratio for the (Kir) -decay mode 
of W° to be nearly 10%] are expected to be nearly 10~33 

cm2 for incident pion or proton energies of 5-6 BeV and 
Mw°—1.5-2 BeV. Needless to say, if charged inter­

mit may be noted that in the Cabibbo scheme [N. Cabibbo, 
Phys. Rev. Letters 10, 531 (1963)], / and / ' correspond to cos0 
and sin0 respectively, apart from a common multiplicative factor. 
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mediate bosons are found, it will be of great interest to 
search for their neutral counterparts with comparable 
mass. However, we see that until experiments along 
the above lines are feasible, a direct establishment of 
the presence or absence of neutral baryon currents 
may not be possible. 

Coming to indirect methods, as long as the violations 
of the | AT | = | rule in the amplitudes for nonleptonic 
decay modes are less than 5-10%, as obtained from the 
observed decay rates and measurements of S- and 
P-wave amplitudes in hyperon decays, it will also be 
hard to distinguish between the two schemes on the 
basis of rates and hyperon decay parameters. This is 
because in scheme (A) such violations may be attributed 
to rather uncertain electromagnetic corrections,7 while 
in scheme (B) it is "naturally" expected.2 Thus, one 
has to examine other physical entities which may not have 
much effect on the rates, but may still receive significant 
contributions from the \ AT| T^\ transitions under scheme 
(B) that can hardly be attributed to electromagnetism under 
scheme 04).8 The purpose of this note is to point out that 
the asymmetry parameter in K—> 3TT decay is precisely 
such a physical entity, and its accurate measurement 
for the various K —» 3T modes could serve to distinguish 
between the two schemes. In the next section, we will 
be concerned with a study of the asymmetry parameter 
of K —» 3TT decay that arises from its intrinsic structure. 

II. THE INTRINSIC STRUCTURE IN 
K->3K DECAY 

We will assume a current-current picture for non­
leptonic decays with or without intermediate bosons.9 

In such a picture, the following factorization of the 
K-^3TT matrix element contributes to its intrinsic 
structure: 

(TTTT I JcWa | W)(W | SfWf? | KIT) , (1) 

<7T I JaWa \ W){W \ SffWf \ KWT) . (2) 

7 For example, there have been various attempts at explaining 
the K+ —> 7r+-f-x° rate by final-state interactions together with 
electromagnetism [M. L. Good and W. G. Holladay, Phys. Rev. 
Letters 4, 138 (I960)], or by the K+ -> x+-h? -> 7r+-f-7r° mecha­
nism [Riazzuddin and Fayyazuddin, Phys. Rev. 129, 2337 
(1963)], etc. Similarly, in the K—>3ir decays, the mechanism 
K2° —»rj —» STT [C. Bouchiat, J. Nuyts, and J. Prentki, Phys. 
Letters 3, 156 (1963); S. Oneda and S. Hori, Phys. Rev. 132, 1800 
(1963)] may yield a somewhat larger violation of the |AT| = J 
rule than usually expected on the basis of electromagnetism (a 
factor a/ir in the matrix element). Recently, a different explana­
tion of the (K+ —> Tr++ir°)/(Ki° —> 2ir) ratio has been pointed out 
by N. Cabibbo [Phys. Rev. Letters 12, 62 (1964)] and M. Gell-
Mann [ibid. 12, 155 (1964)], who noted that KIQ-*2TT is for­
bidden in the limit of strict unitary symmetry for strong inter­
actions and octet transformation property for nonleptonic weak 
interactions. 

8 Of course, in scheme (A), all relevant physical entities will 
automatically satisfy | AT | = J to the lowest order in weak inter­
actions, apart from electromagnetic corrections. 

^9 In the framework of intermediate bosons, the current-current 
picture for the full nonleptonic interaction is to be looked upon 
as an effective interaction with a slight nonlocality. The non-
locality, especially for mass of the intermediate boson > l B e V 
(which seems to be the case from recent CERN experiments) is 
negligible for our discussion. 

Sp stands for the strangeness-changing, and J<? for the 
strangeness-preserving, current. W denotes the inter­
mediate boson. The charge indices have been omitted 
and may be filled in appropriately. If there are no inter­
mediate bosons, (1) and (2) reduce to 

<^r | /« |0><0 |5«t |&>, (10 

(ir\Ja\0)(0\Sj\Kinr). (2') 

The argument is now based on the following two 
observations: 

(i) Under scheme (B), both (1) and (2) contain an 
appreciable mixture of | A T | = J and | A T | ? H transi­
tions. This is easy to see as follows: Consider, for ex­
ample, that Ja transforms as an isovector, while Sp as 
an isospinor. Then clearly the net matrix element (1) 
transforms as a linear combination of T=\ and f10; 
the f component cannot be eliminated with only charged 
currents. A similar argument applies to the matrix 
element (2). 

(ii) The magnitude of the contribution of (1) to the 
asymmetry parameter of K+—-> 7r++7r°+7r° decay (for 
example) can be estimated reasonably well by using 
the known rates of Kez

+ and 7re3
+ decays, and is found 

to be comparable to the experimental value. That of 
(2) can be estimated with some uncertainty by using 
the known rates of Ke±

+ and we2
+ decays, and may also 

be appreciable. 

We will first estimate the contribution of (1) to the 
asymmetry parameter of r mode. The relevant Feyn-
man diagram is shown in Fig. 1. Its matrix element with 
the necessary symmetrization between the two like 
7T0 mesons is given by11 

J M F i g . 1) 

~(2TT)W{PK-PI-P2-PZ) (^GwU/mw*) 

XI(PK+PI) • ( P 2 - P 3 ) + (P2C+P2) • ( P i - P 3 ) ] / V 2 

= {2TT)W(PK-PI-P2-P*)(S2GWU/™W<2) 

X(&mK)(-Qy), (3) 

where ^IlGw denotes the coupling constant of the W+ 
meson to the (x+7r°) system,12 mw the mass of the W 
meson; PK, PI, PZ> and P 3 the four-momenta of the 
K meson, the two x° mesons and the TT+ meson, re­
spectively; Q the energy release in / decay, and y the 

10 If Sp transforms as a linear combination of / = § and f, then 
the net matrix element (1) or (2) will transform as a linear 
combination of / = J, f, J, and so on. 

11 In writing Eq. (3) we have approximated the denominator of 
the PF-meson propagator ((P2+-P3)2—mw2) by (—mw2)- It is easy 
to see from the kinematics of K —> 3ir decays that {Pt-\-Pz)2<^Mw2 

especially for mass of the W meson > 1 BeV, which is indicated 
from recent CERN experiments. We will adopt the same approxi­
mation in the rest of this paper in writing other matrix elements 
with intermediate vector meson. 

12 The coupling is given by (vlGW) (v^d^*- <p^d^T**)W^+ 

+H.C. Note that the coupling of W+ to the (ve) or (pn) vector 
current is given by just Gw- This is the content of the conserved 
vector current hypothesis, which is consistent with the observed 
rates of O14 and 7re3

+ decays. 



N O N L E P T O N I C W E A K D E C A Y S B 1 0 9 9 

|K*(pK) 

TT°(P,) 

»%>,) 

FIG. 1. Feynman diagram contributing to the asymmetric 
component of r decay coming from the factorization of the 
currents corresponding to (1). W+ denotes the intermediate 
vector meson. 

Dalitz variable (3Tz—Q)/Q, T% being the kinetic energy 
of the unlike meson (TT+). /+ denotes the form factor of 
iTe3

+ decay,13 and is given in terms of Kez
+ rate by 

We will next make an order-of-magnitude estimate of 
the contribution of (2) to the K—> 3ir asymmetry 
parameter. Since only the rate of K+ —»ir+-{-ir~~-\-e++v 
(and not that of K+ —^ 7r0+ir°+e+-{-v) is known, and 
since we are interested only in knowing the order of 
magnitude of such structure as given by (2), we will 
estimate its contribution to the r mode. The relevant 
diagram is shown in Fig. 2. 

If we write the K+ —> ir++Tr~+e++v matrix element 
in the form17 

M{Ke,+) 

•Pv) 

X («$(-
\mw2y v 

W(Ke3+): 
mT

s(mK/m*)lGwf+/mw2JX (2.16) 
(4) 

Using the observed rate W(2r,3
+) = 4.1X106 (sec"1),14 

we obtain 

| G V / + / W | = (2.5 X 10"8)«T-2 . (5) 

If we write the complete / matrix element as 

M r . = ( 2 x ) W ( P J t - P 1 - P , - P , ) C T . ( l + i l T . y ) , (6) 

the T' rate is essentially given by15 

|CT.|*(i»,rV«»x)(0.21) 

—W-P.VWiY+P,),, 
mpl * 

+NsPT-liyy,(l+iyi)e (11) 

and the x+ —> e+-\-v matrix element as 

M (xe2+) = ( 2 7 r ) W ( P x + - P , + - P , ) F . 

X 
w"\ 

}{mp)P^llvyll{\+iyi)e, (12) 
\WJT 2 / 

W(T')C 

128x3 
(7) 

where iVi, iV2, N$, and FT are diminsionless Lorentz-
invariant scalars, then the matrix element of Fig. 2 
with the necessary symmetrization between the two 
like 7r+ mesons is given by 

Afr(Fig. 2 ) = ( 2 ^ ( P K - P I - P 2 ~ P 3 ) 

' Gw\/F 
X 

So the observed / rate W(T')~1.39XW (sec"1),14 

yields 
| C r ^ 0 . 6 9 X 1 0 - 6 . (8) 

From Eqs. (3), (5), (6), and (8), the contribution of 
Fig. 1 to A T> is 

M.(Fig.l)H( M—— 

« 0 . 1 5 , (9) 

which may be compared with the observed value1 

^ T / ( e x p t l . ) « - 0 . 3 0 ± 0 . 1 8 . (10) 

Thus, although we cannot predict the sign, the magni­
tude of the asymmetry parameter of / mode given by 
(1) is close to the observed value.16 

13 Note that the /_ form factor of Kn decay does not contribute 
to K —» 3ir decays via Fig. 1. 

14 M. Roos, Data on Elementary Particles and Resonant States, 
November 1963 (unpublished); Nucl. Phys. 52, 1 (1964). 

15 The contribution of the asymmetric A T> term to the rate is 
negligible. 

16 The fact that the intrinsic structure (1) could lead to a large 
value of the asymmetry parameter in K —•> 3-ir decay had been 
noted by one of us (J.C.P.) together with M. A. Baqi-Beg 
(unpublished). 

W2Av2/ 
+NiPy(P1+Pi)l. (13) 

Writing the complete r-decay matrix element in a 
form analogous to (6), 

Mr= ( 2 x ) 4 S 4 ( P K - P i - P 2 - P 8 ) C r [ l + J T y ] , (14) 

ir'(p,) 

FIG. 2. Feynman diagrams contributing to both the symmetric 
and asymmetric components of r decay coming from the factori­
zation of the currents corresponding to (2). W+ denotes the 
intermediate vector meson. 

17 In writing Eq. (11) we have dropped the term 

e»vp<rpK+vpir+ppTr~a/nip2 

whose contribution to the Ke^
+ rate is negligible compared to the 

other terms, and which does not contribute to the matrix element 
of Fig. 2 anyway. 
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it is easy to check that the contribution of Fig. 2 to A T is 

Mr (F ig .2 ) | : 
1/GW\ {F«\{Q 

CT\mw*/ Vv5, 'A 3/I 
(15) 

The observed rates of r decay14 and w+ —> e+-\- v decay18 

yield 
|C T | ~1 .38X10- 6 

and 
| Fv | ~ 0 . 1 4 . (16) 

I t is not possible to obtain N\ and N% unambiguously 
just from the observed rate of Kei

+ decay. However, 
since we are interested only in an order-of-magnitude 
estimate, let us first use the perturbation-theoretic re­
sult,19 which gives Nz<&Ni. Thus, if we drop the iWterm 
and note that the contribution of N2 term is propor­
tional to me (and hence may be dropped), the Ke^ 
rate is given by19 

W(Ke^)c 
(Gw/niw2)2 / Mw7 \ 

nip* 
\ — )[0.02\N1\

2Ji. (17) 
\64TT5 / 

Thus, the observed value20 of W(Kei
+)~(2.l±0.5)X 

103 sec -1 yields 

\(Gw/fn^)Ni\c<i(6.6XlQr7)mr-
2. (18) 

Using this value only as an order-of-magnitude esti­
mate,21 and allowing for the possibility that N% may be 
of the same order of magnitude as iVi with arbitrary 
relative sign [so that | N%— 27Vi| ~ ( 0 - 3 ) | Ni| ] , we have 
from Eqs. (15), (16), and (18) 

•|4 r(Fig. 2 ) | ~ ( 0 - 3 ) [ 2 . 4 X 1 0 - 2 ] . (19) 

Comparing this with the observed value1 ^4T(exptl.) 
~0.14zL0.02, we notice that the contribution of Fig. 2 
to the T-asymmetry parameter, although uncertain, 
may be appreciable. 

Thus, we have shown that there exist mechanisms such 
as (1), and maybe even (2), which lead to rather large 
magnitude for the asymmetry parameter in K —»3?r 
decays, and which do not satisfy the | AT | = \ rule in 
scheme (B). In addition to such intrinsic structure, 
there are nonintrinsic or dynamical mechanisms such as 

18 E. Di Capua, R. Garland, L. Pondiom, and A. Strelzoff, 
Phys. Rev. 133, B1333 (1964). 

19 J. C. Pati, S. Oneda, and B. Sakita, Nucl. Phys. 16, 318 
(1960); J. C. Pati, thesis, University of Maryland, 1960 
(unpublished). 

20 R. W. Birge, R. P. Ely, G. Gidal, G. E. Kalmus et al, Phys. 
Rev. Letters 11, 35 (1963). 

21 It may be noted that if we use the idea of partially conserved 
current in the sense that the divergence of the strangeness chang­
ing current is proportional to the Kaon field, as used by Riazuddin 
and Zimmerman [Phys. Rev. 135, B1211 (1964)]; the form 
factors Ni and N$ are zero, only N^O. This will imply that 
Fig. 2 does not contribute to the asymmetry parameter. However, 
this will be in contradiction with the observed Kei

+ rate, since 
the contribution of Ni term to the Ke±

+ rate is proportional to 
me

2 and hence very small. 

K —» P+TT —> 3ir and K—> K*+ir—» 3w, etc.,22 which 
also contribute to the asymmetry parameter. In this 
note, we are not concerned with an over-all estimate of 
the asymmetry parameters in K —» 3ir decays. But the 
point to note is that such nonintrinsic structure can pro­
ceed through the enhancement mechanism discussed 
under scheme (B), and hence, will predominantly satisfy 
I AT I = J . Thus, if we superimpose the intrinsic struc­
tures (1) and (2) on the nonintrinsic mechanisms, we 
could expect (barring the possibility of accidental can­
cellation of the J AT I ?£\ transitions) that under scheme 
(B) there should be an appreciable violation of the 
I AT I = \ rule in the asymmetry parameter of K —•> 3TT 
decays which can hardly be attributed to electromag-
netism in scheme (A). 

Next one might ask: Will the mechanisms (1) and 
(2) lead to a significant violation of the | AT | = \ rule 
[under scheme (B)] in the rates as well? Our answer to 
this question is not definite. First, note that (1) con­
tributes only to the asymmetric term in Eq. (6) [see 
Eq. (3)], and hence, negligibly to the rate. However, 
(2) does contribute to the symmetric part CT, and hence, 
to the rate. This contribution is19 

CT(Fig. 2) 
/Fv\/ Gw \ 

\^2/\mw
2/ 

XlmK
2Nl+m7r

2(2N2'~'N1~-Ns) 

+mK(mT+lQ)(Ni-2N1)]. (20) 

I t is hard to estimate the right-hand side of (20) owing 
to the uncertainty in the relative signs of Ni, Nz, and 
2V3 and their magnitudes. If we again use perturbation 
theory results19 (iVi^iV^; N^Ni), just as a guide for 
order-of-magnitude estimates, then, using Eq. (18) for 
the value of I Ni I, we have 

|CT(Fig. 2 ) 1 - 2 . 4 X 1 0 - (21) 

This is nearly 16% of the observed value of Cr 

[Eq. (16)]. One should regard this only as a very rough 
estimate, which could be wrong by even a factor of 3. 
So one could only say that depending upon the relative 
signs and magnitudes of the form factors Ni, N^ and 
7V3, Fig. 2 may or may not lead to a significant violation 
of the I AT I = \ rule [under scheme (B)] in the K —> 3ir 
decay rates. 

22 M. A. Baqi Beg and P. C. DeCelles, Phys. Rev. Letters 8, 46 
(1962); Riazuddin and Fayyazuddin, ibid. 7, 464 (1961); G. 
Barton and S. P. Rosen, ibid. 8, 414 (1962); C. Kacser, Phys. Rev. 
130, 355 (1963). The discussion of this nonintrinsic asymmetric 
component of K —»3ir decay in the framework of eightfiold way 
has been studied thoroughly in pion-pole approximation by S. 
Hori, S. Oneda, S. Chiba, and A. Wakasa, Phys. Letters 5, 339 
(1963) and S. Oneda, Y. S. Kim, and D. Korff, University of 
Maryland, Technical Report No. 385 (to be published). See also 
E. Eborlo and S. Iwao (to be published). 
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III. CONCLUSION 

The foregoing discussion allows us to conclude: 

(a) If not only the rates, but also the asymmetry 
parameter in K —> 37r decays are found to be consistent 
with the predictions of the dominant | AT | = \ rule,23 

then it will be hard to understand it on the basis of 
scheme (B), and scheme (A) should certainly be 
favored. 

(b) On the other hand, if there is a large violation24 of 
the | AT | = \ rule (that cannot be expected from 
electromagnetism) in the asymmetry parameters of 
K —» 3w decays with or without a similar violation in the 
rates, then scheme (B) is to be favored. 

At the moment, the experiments, especially on the 
asymmetry parameters of r ' and K£ —»7r++7r""+7r° 
modes and the rate of K2° —> 7r++7r~+7r° mode, which 
are crucial for a test of the | AT | = \ rule, are not accur­
ate enough to distinguish between schemes (A) and (B). 
We therefore think it will be extremely valuable to test 
the degree of validity of the | AT | = \ rule in K --» Sx de­
cays by more precise measurements, especially on the 
(+00) and (H—0) modes. 

IV. FURTHER COMMENTS 

We would like to add the following relevant 
comments. 

(1) First of all, we note that the intrinsic structures 
given by (1) and (2) do not arise if we abandon the 
current-current picture25 for the nonleptonic decay in­
teraction. In this case, therefore, the arguments de­
veloped in this note as regards the distinction between 
schemes (A) and (B) on the basis of K —» 37r asymmetry 
parameters do not follow. 

(2) Secondly, even if scheme (A) turns out to be the 
true picture, we feel that the essential idea of dynamical 
enhancement5 for nonleptonic decays should still be 
correct, provided we wish to correlate the leptonic and 
nonleptonic decay interactions in some manner. This is 
because the leptonic decays of strange particles demand 

23 For a list of predictions of the | AT | = J rule on the rates and 
asymmetry parameters of K —> 3ir decays and a discussion of the 
present experimental situation, see R. H. Dalitz (Ref. 1). The 
importance of measuring the asymmetry parameters as a test of 
the | AT | = J rule was first stressed by S. Weinberg, Phys. Rev. 
Letters 4, 87 and 585 (1960). Our aim in this paper is to point out 
that it is also useful to give the origin of this rule. 

24 By large violation of the | AT | = J rule, we mean presence of 
| A T | ^ J amplitude which is > 20-30% (say) of the | A T | = J 
amplitude. Such a violation will be almost beyond the range of 
electromagnetic corrections. 

26 To do this in the framework of intermediate bosons for 
leptonic decays, one has to require that the intermediate bosons 
for strangeness-preserving and strangeness-viola ting leptonic 
decays are not the same. 

a weaker coupling constant / / ' (barring the possibility 
of large renormalization effects), which has to be com­
pensated for by some enhancement mechanisms to ex­
plain the "fast" nonleptonic rates.26 

(3) Thirdly, in the scheme of unitary symmetry for 
strong and weak interactions, the enhancement mecha­
nism for nonleptonic decays (mentioned above) could 
also lead to an enhancement of the octet channel com­
pared to the 27-fold channel.27 This may happen in 
either scheme (A) or (B). In scheme (A), one will still 
have the exact (apart from electromagnetism) | AT | = | 
rule, while in scheme (B), one will have the predominant 
| AT | = \ rule; but in both cases, the dominant transition 
will belong to the octet representation of SU(3) which 
automatically satisfies the | AT | = \ rule for the non­
leptonic decays. 

(4) Finally, to the extent that the intrinsic structures 
(1) and (2) are present in K—> 3?r decays, which are 
not available for r\ —> 37r decay, one should expect to 
observe some difference in the spectra of K —> 3x and 
77 —> 37r decays,28 again within the current-current pic­
ture for nonleptonic decays. 
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26 To elaborate on this a little further, let us note that the 
strangeness-violating leptonic decays require / ' to be nearly four 
times smaller than / (see, for example, N. Cabibbo, Ref. 6), where 
P determines the neutron /?-decay coupling constant. A 
typical nonleptonic decay A —•» P-\-w~ arises from the interaction 
/ / ' /xSxf+H.C. where J\ is the strangeness-preserving current 
(=ny\(l-\-iy<b)P-\-' • •) and S\ the strangeness-changing current 
(==A.Yx(l+£y6).PH )• The structure of J\ and S\ will be fixed 
by leptonic decays^ If we consider the simple mechanism 
//'(«•""|/x10>(015A1" |PA> for the A -> P+TT~ amplitude, then it is 
known (Ref. 19) that one obtains a rate which is 20-30 times 
smaller than the observed rate. Thus there should exist some 
mechanism (as, for instance, the enhancement mechanism 
sketched in Ref. 5) which should enhance the nonleptonic decay 
amplitudes as compared to the simple mechanism given above, and 
which should explain the observed "fast" rates of nonleptonic 
decays in spite of the smallness of / / ' . 

27 This point has also been noted by M. Gell-Mann, Phys. Rev. 
Letters 12 155 (1964). 

28 L. M.'Brown and* P. Singer [Phys. Rev. 133, B812 (1964)] 
have proposed that the asymmetries in both the K and 77 —> Sir de­
cays may be explained simultaneously by the existence of the 
dipion with mass ^390 MeV and width ^ 7 5 MeV. However, as 
discussed above in the current-current picture for nonleptonic 
interaction, it will be an oversimplification to neglect the contri­
bution due to intrinsic structure for the K —> Sir decay. As regards 
the contribution of vector meson resonance states to the asym­
metric components, there seems to be a large difference in the two 
decays under consideration if we use the eightfold way symmetry 
limit and the pion-pole approximation. See S. Hori et at. and 
S. Oneda et al., Ref. 22. Therefore, we do not feel that there is a 
simple relation between the spectra of two decay modes. 


