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We show that the Nambu-Goldstone structure of the tightly bound ggq pion and kaon al-
lows the weak s-d quark tadpole to contribute to the AS =1 nonleptonic weak decay ampli-

tudes. This tadpole, bound to the kaon in a quark loop, accounts for the AT =% rule and
the observed magnitude of the AI= % K —27 amplitude. With a simple vacuum-
saturation model of the A= % K —27 amplitude the observed relative sign of the A =~

and AJ =-Z— amplitudes is also correctly obtained.

I. INTRODUCTION

Pions and kaons play a special role in hadron
physics because they are the “almost Nambu-
Goldstone bosons” associated with the spontaneous
breakdown of chiral symmetry. We suggest that it
is this special property peculiar to kaons which is to
be exploited in the context of the QCD (quantum
chromodynamics) quark model to understand their
nonleptonic decays. In particular we propose that
the important part of the Al =~ weak Hamiltonian
is the s-d quark tadpole generated by a single W*
exchange,? and that it is precisely the Nambu-
Goldstone nature of the kaon which prevents this
tadpole from being transformed away by higher-
order QCD or QFD (quantum-flavor-dynamic) in-
teractions. Coupling this tadpole to a QCD quark
loop which binds the sd quark-antiquark pair into
the pseudoscalar K, we find that the experimental
Al= K, amplltude is approximately repro-
duced.

In Sec. II we extract the relevant K,, Al =% and
AT =% amplitudes from experiment and the usual
PCAC (gartial conservation of axial-vector current)
analysis.” Then in Sec. III we present two quantita-
tive lemmas which suggest that the AJ =% s-d
quark tadpole Hamiltonian cannot be transformed
away by QCD or QFD renormalization procedures
We evaluate the matrix element (0|4 LKO) in
Sec. IV, linking the s-d tadpole to the K~ bound
state by a quark loop. We find that this matrix ele-
ment is consrstent with the magnitude of the mea-
sured A=+ K,, amplitudes. Then m Sec. V we
compare the relative sign of the AI=~ quark tad-
pole amplitude and the AJ —-;— amplltude obtained
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by vacuum saturation. Even this sign is consistent
with experiment and confirms the validity of the s-d
quark tadpole.

Finally in Sec. VI we summarize our results and
draw our conclusions. We emphasize that the
dynamical mechanism producing the Al =+ rule is
not universal, but that kaon decays and hyperon de-
cays each have their own natural dynamical process-
es which generate a Al =% rule. In the kaon case
this mechanism is the Nambu-Goldstone nature of
the pseudoscalar mesons as relativistic gg tightly
bound states, whereas in the B— B’m hyperon case
the analogous mechanism is the nonrelativistic ggq
loosely-bound-state nature of the baryons, and the
resulting SU(6) symmetry.*—°

II. PHENOMENOLOGY OF TWO-BODY
KAON DECAYS

We begin by extracting the Al =% and % K,
amplitudes, which we call a,/, and a3,,. An isospin
decomposition of the final 27 state and the inclusion
of f“gnal-state interaction leads to the usual expres-
sion

iM(Kg-»1r+1r’)=a1/2ei8°+%a3/2ei82 , (la)
iM(K§— m°7°)=a, e 80'—";:“13/261'52 , (1b)
iM(K+—->7T+ °)=a3/2ei82 . (IC)

The intrinsic weak amplitudes a;/, and a;/, are re-
latively real. The data on the partial decay rates’ al-
lows us to deduce from Egs. (1) that

03/2/(11/2 =0.047+0.002 ,

A=80—82=(57i2)° .
Alternatively we may input the value® A=(47+7)°

(2)
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to obtain from (1a) and (1b)
ass/ay,,=0.038+0.005 (3a)
or from (la) and (lc)
las/2 /a1, | =0.047+0.002 . (3b)

The agreement between Eqgs. (2) and (3) is just out-
side one standard deviation. A weighted average is

a3/2/a1/2=0.046i0.006 (4)

which we will use as the “experimental” value of
this ratio.

We then obtain the individual amplitudes from
the observed K,, decay rates:

a;,,=e"*(3.8440.01)X 1077 GeV , (5a)
a3, =e%(1.83+0.23)x 1078 GeV . (5b)

In Eq. (5) the overall phase ¢ is unknown, but from
(4) (13/2/(11/2>0.

Next we review the current-algebra—PCAC
analysis which will enable us to convert (5) to-a
more useful form for comparison with calculations.
We make our computations in a four-quark model,
rather than a six-quark model. The b and ¢ quarks
are so heavy that they can be decoupled from the
calculation in the Appelquist-Carazzone sense,’
leaving us with a four-quark theory in which the
flavor-mixing angles and quark masses are to be re-
garded as effective parameters applicable only to the
four-quark effective theory.!® The weak left-handed
current is then of the standard four-quark
Cabibbo—Glashow-Iliopoulos-Maiani (GIM) form!!
(neglecting CP-violating effects):

Ju =1Ty,1;(d cos@; +s sinf)
+c‘y{;(s cosf, —d sinf,) , (6)

where 0, =0,~0-=13.2°. As we shall see, (6) and
the usual model of weak interactions lead to tadpole
and current X current terms in #%°,, the effective
weak Hamiltonian density. &, may be written in
terms of tadpole and current X current parts

How=1aat+ss , (7)
or in terms of A =% and AJ =% components,
Kw=F1p+H 3/ - (8)

J3/, receives contributions only from 57;;, but
#°1 s, contains both J7;; and %4 pieces. Notwith-
standing this we have the familiar current-algebra
relation '

(0[[Q3,[03,2 11 |K>=%(0|%1/2|K) ,
9)

which, applied to the K,, amplitude
MPp=—(r'r! |1 5|K), (10)

gives the current-commutator term

i]é,l/z:‘L(ﬂjl[Qg,ff’l/z]lK)
e
iy e ijk k
=TT (019, K) . (11)
af,

Here f, =93 MeV.
The K— 27 process contains a rapidly vary-

ing pole illustrated by Fig. 1,!* so the on-shell
AI =% amplitude is given by .

(4 (1) (1) @)

2 2 2 2
Mon shell:‘MP(on shell)—MP(soft)+Mcc ’ (12)

where M, is the pole term corresponding to Fig. 1.
When evaluating Mp(q) the four-momentum
k=g;+q; is conserved so that when ¢;—0,
k*=gq;?=my> The ie’*7¥ term in (11) is then can-
celed by the rapidly varying pole term and we final-
ly obtain

m,*
m KZ

8%
2f5*

We note that (13) satisfies the Gell-Mann—Cabibbo
SU(3) null theorem" in that MY,, vanishes in the
SU(@3) limit m,>/mg>— 1. Moreover M¥,, given in
(13) is a factor of 2 larger than the amplitude found
in the earlier current-algebra analyses'* which aver-
aged the results obtained by taking first one and
then the other pion soft. This averaging procedure
was adopted to eliminate ‘“by hand” a term analo-
gous to the ie*r* term in (11) which depends on the
order in which the pions are taken soft. It is no
longer necessary when the rapidly varying pole term
is taken into account.

1—

Mlij/lz (0;%]/2|K). (13)
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FIG. 1. The rapidly varying pole term in K—27 de-
cay. The open circle represents the strong K- scattering
amplitude.



In Eq. (13) we specrallze to the amplitudes for

K'>atr~ and K°>7%° (recall V2K,
=K; —Kjs)
g0 70 1 ,,-2 —,
M3_ =My, p=—75|1— (0] 1,5 K°)
2f1r mg
=ia1/2 (14)

which gives from (5),
—i{0|#,,,| K°) =e™(5.1040.02)
X 107° GeV3. (15)

As a further check on the magnitude of
(0|#,,,| K°) we may use a plon pole model of
K; — vy, noting that % and 1’ pole contributions
approximately cancel each other,’ to obtain

| <77'0|%w IKL> [ E(ml(z“mﬂz) 'FKLW/erw|
=(3.0+0.2) X 1078 GeV?.

Current algebra and PCAC then give
€01 #4 | K°) | =V2f | {m®| 0 | KL ) |
=(4.0£0.3)X107° GeV*

in reasonable agreement with the earlier value (15),
which we vlvill use as it is the more accurate and is
pure Al =+

III. THE NONDISAPPEARING TADPOLE

To leading order in the weak interaction, the one-
loop contribution to the s-d quark tadpole transition
is illustrated in Fig. 2. The left-handed nature of
the Cabibbo-GIM current (6) ensures that there is no
mass term in the tadpole. All that remains is a left-
handed kinetic term proportional to p; =p(1—iys),
which may be expressed as!?

Haa=b(p*)dpys—5p.d) , (16a)
=b(p2)(§'—PF7), (16b)

where §’—zqkipq and P'=—gAipysq with
yst=—1. It is the opinion of many workers in this
field that a series of papers by Weinberg!® (which in
turn rely on a result of Feinberg, Kabir, and Wein-
berg'®) imply that self-energy tadpoles of the form

FIG. 2. The quark tadpole diagrams.
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given in Eq. (16) can always be transformed away.
We agree that this is so for transitions involving
quarks loosely bound in baryons or heavy mesons,
but we do not believe that the Weinberg “‘theorem”
applies to transitions such as (0| % ,q | K°) involv-- -
ing quarks tightly bound in light Nambu-Goldstone
pseudoscalar mesons. We base the nondisappear-
ance of the tadpole on two observations relating to
QCD and QFD renormalizations.

Lemma 1: The immunity of the tadpole
(0| #a| K®) to QCD renormalizations. For con-
creteness we consider the quark tadpole gra%h em-
bedded in the matrix element (Olé‘é’[adlK In
quark -graph language (0| #,q|K°) is represented
in Fig. 3.

The vertex labeled 75 represents the pseudoscalar
binding of quark-antiquark pairs in the 0~%
mesons. Figure 3 is completely analogous to the
quark-graph representation of the matrix element
(0|4, |7)=ifrq, illustrated in Fig. 4. In Figs. 3
and 4 the heavy dots on the quark lines indicate that
the quark lines are dressed by gluon self-energy
loops but that gluon exchanges between the quark
lines are not permitted. The reason for this prohibi-
tion is that such gluon exchanges are already includ-
ed in the Bethe-Salpeter graphs which bind the gg
pairs into the Nambu-Goldstone pseudoscalar K and
7 mesons as ¢>— 0. This was shown by Nambu and
Jona-Lasinio!’ in a four-fermion-interaction model,
and their argument identifying the Bethe-Salpeter
binding equation and the self-energy dressing equa-
tion was extended to chirally invariant non-Abelian
gauge theories including QCD by Delbourgo and
Scadron.!® The graph of Fig. 4 has been analyzed to
calculate the slope®! f(¢*=0) and magnitude®>?!
f-(g*=0) of f,. Similar graphs involving dressed
quarks with gluon exchanges between quark lines
prohibited give an adequate account of the 7 and K
charge radii,? and also reproduce® the Adler-Bell-
Jackiw 7% 2y anomaly.?® In all such cases it suf-
fices to use a constant 7gq coupling of y5 type with
8rqq 8iven by the quark-level Goldberger-Treiman
relation assuming f, >0,

FIG. 3. The quark graph representing {0 | % | K.
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R

FIG. 4. The quark-graph representation of
(0|4, |m).

A
m con

8rgq = f,,- =3.6, (17

where A, is the constituent mass of the nonstrange
quarks (of order 340 MeV).

Now we return to Fig. 3, emphasizing the follow-
ing:

(i) Gluon exchanges of the self-energy type are al-
ready included in the dressed quark lines with con-
stituent quark masses.

(ii) Gluon exchanges between the quarks lines are
already included in the Kqq vertex function because
of the Nambu-Goldstone nature of the strongly
bound kaon. Thus these are no further gluon ex-
changes allowed in evaluating Fig. 3, and no QCD
counterterms can enter to renormalize the tadpole
away.

We can reinforce this condition by looking at the
complete K— 27 quark tadpole graph of Fig. 5(a).
The absence of gluon exchanges between the quarks
in the tadpole leg prevents us from deforming Fig.
5(a) into Fig. 5(b). However, Fig. 5(b) corresponds
to the process K— p— 2. (The net parity violation
of the K— 21 process allows only scalar and vector
intermediate particles, but the coupling to scalar
particles is expected to be weak and the scalar pole
is not rapidly varying.) This amplitude vanishes, so
it is no surprise that our arguments do not grant im-
munity to the s-d tadpole in Fig. 5(b).

Lemma 2: The immunity of (0| uq|K°) to
QFD flavor transformations. Now that we know
QCD renormalizations leave the tadpole (16) intact,
we must decide whether it will survive QFD flavor
renormalizations.

We begin by reviewing the argument of Feinberg,
Kabir, and Weinberg'® on which the general opinion
that tadpoles can be transformed away is based.
One starts with a general quadratic Lagrangian den-
sity of the form

Lo=0[A1+ysA,+ (B, +iysB)plY , (18)

where ¢ are vectors in flavor space and spinors in
Dirac space, and 4;, B; are Hermitian matrices in

=
—d
=

Q.

5 (a)

5(b) L4

FIG. 5. Tadpole contributions to K— 2. (a) The rap-
idly varying tadpole graphs. (b) The nonrapidly varying
tadpole contribution to K — p— 7.

flavor space. The Lagrangian .%;, may arise to
one-loop order in the QFD interactions—in fact (16)
represents an off-diagonal term in the matrices B,
and B,. It is convenient to rewrite (18) in a repre-
sentation in which

o1
ys= 10
and
10
Yo= o —1
so that
Lo=yp [ A +RB(po—ivsoip)l¥ , (19
where
A, —id,
L= g, —A,
and
B, -B,
B = —B, B, (20)




are Hermitian matrices. We now make a transfor-
mation of the fields v,

b—9'=5"y, @1

where % is a nonsingular (but in general nonuni-
tary) matrix which can be shown to be of the form

S S,

S, S, (22)

S =8 +iysS,=

Under this transformation (19) is converted to

Lo=y" '+ B"(po—iysop) W , (23)
where &/'=5 /S and B'=FS*# 7. In the
language of matrix theory &/’ and %’ are Hermi-
tian congruent (or conjunct) to &/ and #Z. Now we
rely on standard results in matrix theory which as-
sure us that if & is positive definite then a matrix
& can be found such that

10
=lo1

and o7’ is diagonal,?* of the form?’

o' =diag(m,m,,. .

.,m,,,—ml,
—Myy. .y —my,) . (24)

A further calculation is necessary to demonstrate
that .# is of the form (22). Thus (23) can be written
in the diagonal (nontadpole) form

ZLo= 3 Uip+m) 25)

i=1

representing n free fermions of mass m;,. . .,m,.?

Thus far we have given an incomplete statement
of the Feinber-Kabir-Weinberg result, but this is the
form which entered the folklore through Weinberg’s
1973 papers.!* Feinberg, Kabir, and Weinberg!®
completed their theorem by demonstrating that £,
[Eq. (18)] and Ly [Eq. (23)] give identical results
for S-matrix elements involving on-shell i; states.
The Green’s functions generated by the Lagrangians
Lo and L are not in general identical because the
transformation (21) is a general nonsingular

transformation (i.e., it involves a wave-function re-
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normalization as well as a rotation in flavor space)
and not a unitary transformation. In fact, Ref. 16
provides an explicit example of a Green’s function
involving a transition between fermions which does
not vanish in general but does vanish on the fermion
mass shell.

Now we can see why the QFD transformation
(21) applied to Fig. 5(a) or equivalently
(0| #ua | K°) will not transform the matrix ele-
ment to zero, even though 2,4 corresponds to off-
diagonal B; and B, terms in Eq. (18). The reason
is that the quark lines in Figs. 3 and 5(a) are well
off mass shell, because of the Nambu-Goldstone na-
ture of the kaon. This follows from
mg=m,+m —Ep~0, whence the binding energy
Ejp is of the order of the constituent quark masses
forcing the quarks far off mass shell. That we can
conjunctively transform (18) into (25) is irrelevant
for the calculation of Fig. 3; (25) and (18) give iden-
tical results only on the quark mass shell. However,
(18) represents the physically relevant theory, and it
is useful to transform it to (25) only for the process
involving quarks on their mass shell. We note that
the quarks in the vector mesons and baryons are
essentially on their (constituent) mass shell, so that
the Feinberg-Kabir-Weinberg theorem does apply in
that case and, e.g., {p | #q| K) and (N | #q| B)
do vanish. On the other hand in the kaon the
quarks are well off their mass shell and
(0| Haq| K ) survives.

We conclude this section emphasizing that, con-
trary to the general opinion, the s-d quark tadpole of
Fig. 2 cannot be transformed away when it is em-
bedded in a quark loop which generates a Nambu-
Goldstone boson. We therefore go on to compute
(0| 5 q | K) from the loop of Fig. 4.

IV. THE QCD QUARK-LOOP CALCULATION OF
(0] #ua| K7)

We cannot transform the s-d quark tadpole of
Fig. 2 away, so we calculate the magnitude of
(0| Haq| K°) from the loop diagram of Fig. 3, to
compare it to the experimental value (15). Using the
form of the tadpole in (16), Fig. 3 gives

(26)

(Olﬁrtadli(—o)_ (2m)*

(—3)(V2gxy,) [ d% b(pz)Tr[(p+2q+ms>v/5(p—zq+md)p(1—ws)]
[p+5g2—m?[(p—

2q)2 mgy ]

The factor (—3) in Eq. (26) is the color factor of 3 for the loop, with a factor (—1) from the Feyman rules for
fermion loops. In (26) the pseudoscalar quark-boson coupling constant g, is given its Goldberger-Treiman

value with fr~1.2f, >0,
quq = %(ms +md )con/f[(23.8 ,

(27)

where (mg).;,=>510 MeV and (my).,,=340 MeV are the strange and down constituent quark masses. Just as
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in the calculation associated with Fig. 4, relating £, to the nonstrange-quark mass,”>?! we take (27) as a con-

stant, remove it from the integral and note in passing the near equality of g, [Eq. (27)] and g,,, [Eq. (17)].
We lose no generality in setting g=0 in Eq. (26). In that case the quark trace is proportional to
mg—mg=[ms(p?)—my(p?)lcurr, as the dynamically generated part of the quark mass is flavor independent,
but the current quark masses are not. In the asymptotically free deep-Euclidean limit of QCD we may write?’
d

2 /02
In(M*/A%) ’ (28)

In(p%/A?)
where d =12(33—2n f)"l =0.48, A =150 MeV is the QCD renormalization invariant for four quark flavors,?

and M is the fixed renormalization point which we take as M =2 GeV for processes involving s and d quarks.
Equation (26) then becomes

[ms(pz)_md(pz)]curtz[ms(M)—md(M)]curr

M2 ]pl:M

A?

0 b(p*)pIn(p>/A%)]~*
lPi=po = = [p2—m2pH)]lp*—msHpH]

(29)

_ 3v72
(0] | KOO == 5 [, ()~ g (M) e | I

The lower limit on this integral is chosen to be 1 GeV, where the QCD coupling and m ., are expected to
freeze out.?’

In the chiral limit the right-hand side of (29) goes to zero as the current quark masses go to zero. This is
consistent with the vanishing of the left-hand side as K° becomes soft (¢g— 0) because the tadpole algebra

[05,871=if %P¥, [Q5,P)=if *S* (30)

forces (0| P;| K°0)) to zero. Thus we see that {0 | %, | K%0)) is a chiral-symmetry-breaking quantity and
as such can be M dependent, just like m ., (M). Unfortunately the integral in (29) is sensitively dependent on
M.

To proceed further we must evaluate the tadpole strength parameter b(p?) in (16). To calculate Fig. 3 we
work in the ’t Hooft—Feynman gauge, in which the W-boson propagator is (—g,w)(kz—mwz)“l, and the
Higgs contributions to the s-d tadpole vanish if we regard the current quark masses as generated by the Higgs
vacuum expectation values. (Since in this case diagonalization of the quark mass matrix by a flavor-space ro-
tation also diagonalizes the Higgs-boson—quark couplings in flavor space and the Higgs loop cannot then gen-
erate an s-d transition.) Then the four-quark current (6) gives

[m 2 k?)—m, X kH)](p—k),
kK2 —mp [ (p—k)P—mA(p—k)P?—m,?]

iGWmW .
pﬂb(p2)= ——mﬂ—zs1nec cosOc f d"k(

(31)

Note that, as in the many examples of W-loop integrals considered by Gaillard and Lee,** the GIM mechanism
ensures that the divergence in the individual contributions from the intermediate quarks is canceled when the
terms are added up. When (31) is inserted into the quark loop integral (29) the ultraviolet cutoff ensures that
p2 <<my? in (31), so that we may replace b(p?) by the constant

Gy sinB¢ cosO¢ S 2 ¥
bEb(O)EO—‘/i“#—Z—mc’cu“ (M’) |In A2 I (my), i (32)
where
Limg)= [ x dx 5T . (33)
Ho 5|, mwx
(x+1)° [In A2

The integrand in (33) vanishes as x — 0, so that I;(my, ) depends only very weakly on the lower cutoff p,,
which is chosen as 1 GeY as before. The integral is also convergent at the upper limit and depends weakly on
my,. Explicitly, for d =+ we evaluate (33) numerically and find

I,(my =80 GeV)=0.038, (34a)
I (my =250 GeV)=0.031. (34b)

Using (33), the tadpole matrix element (29) becomes
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2d
. _ 3 Gw . M"?
—i{0| H e | K®) = m\/iquq msmec cosOc Mg curr (M) 1n—X—2— [my (M) —mg(M)]eured 1 (M )T (M)
(35)
r
in:l}llyrfl new integral which must be evaluated numer- ‘ . 4%10~° GeV?, SPCAC,
' ; —i{0]F | K72 = 175 10-9 Gev?, NPCAC.
M2 2 2
L(M)= fz d In(M /A2 ) (38)
5 In(y /A*)
The sensitivity of our final result to the choice of M
=32 GeV2 at M=2 GeV . (36) precludes using (38) and the experimental value (15)

[Note that I,(M)~M? for M in this region.] The
renormalization point M’ should be chosen as being
suitable for processes involving ¢ quarks. We choose
M'=3 GeV, near the ¥ mass, where?’

m.(M'=2m,)=m; con=M, cyre~1.5 GeV .
(37

To complete the evaluation of (35) we need
[my(M)—my(M)].yr- In the strong PCAC scheme
of perturbative chiral-s Symmetry breaking®! one usu-
ally takes (mg—my )cu,, €~140 MeV, while in
the neutral PCAC scheme®*? one has
(mg—mg)NPCAC =240 MeV. Thus we have for the

tadpole matrix element
1

m,*

1—
sz

(ms +my )con GW
2fk (2 )*

ayn=

2f

sinf¢ cosf¢ mc,curr

to distinguish the two schemes of chiral-symmetry
breaking. However, the fact that the two values in
(38) span  the experimental value of
| (0| 5#,,,| K°)| is a strong indication to us that
the tadpole Hamiltonian 7,4 of F1g1 2 is indeed the
dominant contribution to the Al =5 weak Hamil-
tonian, and provides the explanation of the A=+
rule in K — 21 decays.

V. THE SIGN OF 01/2/(13/2

As a further indication that the s-d tadpole dom-
inates the K,, decays we calculate a,,,/a;,, using
(35) for a;/, and a simple vacuum saturation argu-
ment for as . First of all we note from Egs. (14)
and (35) that the tadpole amplitude gives

M'z 2d
ln-l_\—i_ (mg—mg)cuee 112 (39

which for 6¢, Gy < gp?/my?, and fx taken positive is clearly positive:

a12>0.

(40)

We evaluate a3 , by vacuum saturation of the K+ — 7 *7% amplitude, using Egs. (5c) and (14):
/!

(13/2=—l'<1T+1To]%_]J‘K+>

_2x/‘

G
= 2—‘/pz_2—sin9C cosOcfr(mg?—m,?)

=1.9%10"8 GeV>0.

In this evaluation we have ignored QCD correc-
tions®® and perhaps should not take the remarkable
agreement of (42) with the observed magnitude of
as, in Eq. (5b) too seriously. But we feel confident
of the calculated sign of aj/,, and with the predic-
tion

aip/az;>0 (43)

which is in agreement with experiments (2)—(5).

s1n9(;cos0¢<7T°|J4 “ Kt )t | JIH2E0)

(41)

(42)

VI. CONCLUSION

We have shown that the Nambu-Goldstone strong
binding nature of the kaon plays a critical role in
determining its weak decays, in that the s-d quark
tadpole cannot be transformed away by QCD or
QFD rcnormahzatlon The tadpole matrix element
(0| Ha| K°) depends on the QCD renormaliza-
tion point M used in its evaluation, and on the
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current-quark-mass difference m; —m,;. However,
for M ~2 GeV the strong PCAC and neutral PCAC
values of m;—m, lead to values of (0|#q|K°)
which span the experimental value of
(0| 2#,,,| K°), suggesting that the s-d tadpole pro-
vides a natural explanation of the AI=+5 rule
in K,, decays. Even the relative sign of a,,, as
found from the quark tadpole and a;,, obtained
from the 2°;; vacuum saturation supports this con-
clusion. Since K— 37 decays are quantitatively re-
lated to K-—27 decays in the current-
algebra—PCAC program, the s-d tadpole provides
an explanation of these decays as well. This in-
cludes the positive Al =+ /Al =3 enhancement of
(21) as both magnitude and relative sign can also be
extracted from K, decays.’

We do not claim that the same diagrams explain
the AJ =% rule in K and hyperon decays. In our
opinion the Al =% rule has its origin in the QCD
dynamics of the decaying particle. In the case of K
mesons the dynamics is the strong binding of gg into
a Nambu-Goldstone boson, and we have argued that
this leads, via the s-d tadpole, to a quantitative
understanding of the Al = rule.

In the hyperon decays the QCD dynamics are
those of loosely bound constituent quarks which
give rise to the observed SU(6) symmetry. A satis-
factory explanation of the AI 2% rule for hyperon
decays already exists.> In particular the current-
algebra—PCAC program reduces the 14 hyperon
amplitudes to only three fitted parameters: the large
value of the (AI= —)/ (AI= —) ratio, the scale

of (B'|,;(AI=5)|B), and the weak octet d /f
ratio.>3*

The nonrelativistic SU(6) constituent quark model
then explains these last three parameters:

(i) Fierz reshuffling and the hyperon product
SU(6) wave functions manifests the Al = i rule.*

(ii) The scale (B’ | %#,(AI=+)|B) is set by w*
scattering graphs.>®

(iii) The ratio of d/f= —1 also follows from the
W+ scattering graphs.®

Thus the understanding of the Af =% rule for
strange-particle decays does not follow from a
universal mechanism, but from a careful apprecia-
tion of the QCD dynamics which is qualitatively
different for kaons and hyperons, but nonetheless in
each case leads to the observed AI = % enhancement.
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