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DECAY RATES OF AS=-AQ TRANSITIONS AND POSSIBLE AS=2 LEPTONIC DECAYS*
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Relations between possible AS =—AQ decay rates of K-K?, K7, =¥, and E® are given.
A connection between AS =—AQ and AS =2 leptonic decays is also suggested.

The degree of validity of the selection rule
AS = AQ remains one of the most interesting
questions in weak-interaction physics. Much
effort has been dedicated to the search for pos-
sible decays which violate this rule, e.g., K°
~7te g Kt ~rrteT,; IR ne+ue . The ex-
perimental information, summarized below,
is becoming increasingly significant, and it
is likely to improve considerably in the near
future. In this note we present some possible
relations between the AS=-AQ decay rates
of K°-K° and =%, and the rate of the still un-
discovered =° -3 e*y, decay. Also, we dis-
cuss a possible connection between AS=-AQ
and AS=2 leptonic decays. As a result, we
find that decays of the type' Z°~pl~7; and =~
—~nl” Uy might exist with detectable branching
ratios.

We shall first summarize the present exper-
imental knowledge on AS=-AQ decays:

(i) Results on K;3° decays are usually given
in terms of a parameter which is the ratio of
the AS=~AQ amplitude A(K® ~771*v)) =g to
the AS=AQ amplitude A(K®~771"vy)=f; i.e.,
g/f=x1e*¥. A weighted average of world da-
ta? gives the result

Ix]=0.22+0.08, ¢~60° (1)

(ii) No events of the type K tonrtrte ~7, have
been observed to date. Based on 208 Kt ~7tr~

xe+ue events which have been reported,® one
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can set the following upper limit:
F(K+ ~rne _Ve)/F(K+ ~ntn"e +ue) <2%. (2)

(iii) There are two reported events which
are candidates* for =¥ ~n ¥y, and one report-
ed event which is a candidate for E+-—ne+ue S
If these three candidates are taken as certain,
then we have the following branching ratio®:

+ + + +
e —mne ue)+r(z -nu u“)

[‘(E+ —~all modes)
~(4£3)x10~%,  (3)

consistent with an independent upper limit re-
cently published’:

+ + + +
e -ne Ve)+l"(2 o V,u)

e -—ne Ve)+l"(2 —~n Ilu)

$3.4 9% (90% confidence level).  (4)

We shall now discuss some theoretical con-
siderations concerning these processes. By
analogy to the usual weak processes, we shall
assume that AS=-AQ decays are described
by an effective Hamiltonian of the currentXcur-
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L 7" (as=-2Q)7,

xY“(1-y5)zpyl +h.c., (5)

where G is the Fermi coupling constant, G
=1.02x107%/m, 2. We shall also assume that
JH(AS = -AQ) consists of a vector part and an
axial-vector part: JH(AS=-AQ)=TVH(AS=-AQ)
+AH(AS=-AQ). Decays of the type K°— n+l‘vl
and K°~7n~I*y; can then be implemented by

the vector component VH4(AS=~AQ), while K+
- 71+1r+l_ﬁl decays can only proceed through

the axial component A#(AS=-AQ).° A priori,
both the axial and vector components can con-
tribute to the decays =" —nlv; and Z°~ 2 71"y;.
More specifically, the matrix element of the
hadronic current for these hyperon leptonic
decays has the following structure':

13" 19y =w(pIT =T Py Julp),  (6)

where p and p’ denote the energy momenta of
the initial and final hyperon; Ty and T4 are
unknown coupling constants, in principle dif-
ferent for each decay:

+ +
! = = — : 7
T,=aand T, b, for T ~nlv; ("
=’ =p’ =05t . 8
TVaandTA b’, for = Zlvl 8)

For comparison, we shall recall that in the
Cabibbo theory,!! the AS=AQ decays correspond-
ing to those in Egs. (7) and (8), i.e., =~ -nl 7]
and =°—~ E+l—ﬁl, are similarly described by
matrix elements as in Eq. (6) with

TV=s1n0V and TA =0.38 smGA,

for =~ ——nl—ﬁl;

TV= —s'mGV and TA =1.18 sinGA,

for =0~ Z)W'Ul;
where'? 9y7=0.21 and 64 =0.27 are the vector
and axial-vector Cabibbo angles. In terms of
the parameters a, b and a’, b’ we obtain the de-
cay rates listed in the second column of Table I.
Comparison between the rates for =t —-nl+vl
and the upper limit quoted in Eq. (4) leads to
the result

laP+3162<3.5%x1072 (90% confidence level).

Let us now make the assumption that the ra-
tios of AS=-AQ vector coupling constants to
the corresponding AS=AQ are of the same or-
der magnitude for meson and hyperon decays;
i.e.,

Ia/sinGVi ~ la'/sin@vl ~ x| (=0.22+0.08).(9)

This implies a lower limit for the various AS
= ~AQ hyperon decay rates. Using the exper-
imental value quoted in Eq. (1) we obtain the
results given in the third column of Table I.

It is interesting that the limits obtained for

the rates of Z+——nl+vl decays are compatible
with the experimental values quoted in Egs.

(3) and (4). The rates predicted for =° -3~y
decays are smaller than those for *~nl"y,
because less phase space is available. We
must emphasize, however, that events of the
type =%~ I"v; should be less ambiguous than
»*~nl*y; decay, because no intermediate 7"
decay could simulate such a decay.

The existence of AS=~AQ transitions can
also be tested in neutrino experiments. Detec-
tion of events of the type v — %1~ would be
an unambiguous proof of the existence of AS
= —AQ transitions. From the previous consid-
erations on decay processes, cross sections
for vy -~ %17 (AS=-AQ) are expected to be
two orders of magnitude smaller than those

Table I. Results on AS =—-AQ hyperon decays.

Rate Lower limit for total branching
Decay (sec™}) ratio assuming Eq. (9)
2T~ ne'ty, (lal2+31p12) 7.7x 107 1.3x10~°
>:+——nu+1f (lal2+31512) 3.2x 107 5.6x 1078
El—3TeMy, (la’12+310" 12) 2.1x 108 1.4x1078
Eo»z—u’fu“ (la’12+310 12) 3,7x10° 0.2x1078
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for Tm~2"1" (AS=4Q).

From the point of view of unitary symmetry
of hadronic currents,® the lowest SU(3) repre-
sentation which can accommodate currents
with S=1,@Q=-1 and S=-1,@=1 are, respec-
tively, 10 and 10*. In fact, at the limit of ex-
act SU(3) symmetry, these are the only repre-
sentations in which the vector current VH(AS
=-AQ) can induce the decays K°—~7~1*v; and
K°~77] —fl.

If JH(AS=~AQ) belongs to the 10 and 10*
representations only, then at the limit of ex-
act SU(3) symmetry, the coupling constants
in Eqgs. (7) and (8) are related thus: a=a’ and
b=b’. This leads to the following prediction:

D20 =27e*y )=2.7x107° X (Z* ~ne*v ).

We remark that 10* is also the lowest SU(3)
representation which can accommodate currents
with S=2 and =1, i.e., currents J*(AS =2)
which can implement decays such as E° - pl™ 7
and =~ -nl"7; through a current Xcurrent Ham-
iltonian as in Eq. (5). Predictions can be made
if both the J*(AS = -1, AQ =1) and J*(AS=2)
currents belong to the same 10* representation
of SU(3). Assuming that these currents are
coupled to the leptonic current with equal weight,
we get

[(2°~pe™7 ) =6.9%D(Z*~netv ); (10a)

F(E°-—pu"7u)=11><F(Z+-’nu+vu)~ (10b)

Also, from isospin invariance alone, we have

r=° —.pl"vl) =0.90(=~ -—nl‘vl .
The predictions given in Egs. (10a) and (10b)
depend critically on the assumption of “equal-
weight coupling.” Indeed, if a rotation of the
Cabibbo type (i.e., a rotation of angle 26’ around
the second axis of U spin) is applied to the 10*
currents, then it is the combination (cos36’)
xJH(AS = —AQ) + (sin®6”)J*(AS =2) which, cor-
respondingly, should couple to the leptonic cur-
rent.’® A priori, nothing is known about the
value of §’. For 0’=45°, we get the results
given in Egs. (10a) and (10b). If instead, we
take 6’ equal to the Cabibbo angle for the octet
 ~15°, the predicted rates for =°-pl~7; decays
would be roughly three orders of magnitude
smaller than those for the corresponding >+
—»nl+ul decays. Experimental information con-
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cerning the rates of Z°—pI™ vy and £~ -nl "7y
seems very desirable in order to decide this
question.

Finally, we wish to comment on K* ~777%e T,
decays. As we have seen,® only the axial-vec-
tor current A *(AS= —AQ) contributes to these
decays. Since the two pions are in a pure iso-
spin state I=2, they are emitted in even orbi-
tal angular momentum states. Thus, to a very
good approximation, the matrix element of the
hadronic current describing K ~7*17e ™7, de-
cay has the following structure:

@ (b)), 1 (p) 1AM 1K (p))

-1
=M FE) (b, +p0)",
where s =(p, +p,)? and M is the Kt mass.'®
From this, we obtain for the decay rate the
following expression:

+ + -

F(I<+»71 T e T/'e)
G /M\® [t )
=%<Z;> f4m2/M2dx|F(x)]

2\1/2
X < _%> [1-8x +8x3=x*=12x2Inx],

where m is the 77 mass and x =s/M?. The sim-
plest assumption which we can make is to take
F(x) constant. Then, from the upper limit quot-
ed in Eq. (2), we obtain |F|<0.28. To get a
feeling for this value, let us recall that using
current-algebra techniques, the predicted val-
ue of the corresponding form factor F, in K*
~n'n"¢ v, decays is¥ |F,|=0.97+0.03. If
we extend to axial-vector coupling constants
the assumption of the same order of magnitude
for ratios AS=-AQ over AS=AQ, then we would
expect |F| ~0.21. In fact, the expected value
for |F| is likely to be still smaller if energy
dependence effects due to final-state interac-
tions are taken into account.”® Indeed, the pos-
sibility of a strong, low-energy, 7-7 interac-
tion in the I=0,7=0 state, compared with the
interaction in the I=2,7 =0 state, might enhance
significantly the effect of F,(x) with respect
to that of F(x) in the corresponding decay rates.
We should like to thank Murray Gell-Mann,
Michael H. Goldhaber, and Louis Michel for
valuable discussions.

*Work performed under the auspices of U. S. Atom~
ic Energy Commission.
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We show to any order in « that the electromagnetic mass difference between the
charged and the neutral pion is at most logarithmically divergent and derive a neces~
sary and sufficient condition that the pion mass difference times the isovector form fac-
tor is finite to any order in «. All results are valid whether or not perturbation theory

makes sense.

Recently, it has been shown by Wick and Zu-
mino! and by Gerstein et al.? that the electro-
magnetic mass difference between the charged
and the neutral pion is logarithmically diver-
gent in the lowest order of « (for pions on the
mass shell). Since the pion mass difference
is a physical quantity, this is clearly a high-

ly undesirable situation. From the point of
view of principles there is, however, the pos-
sibility that perturbation theory might be wrong
for some reason, at least so far as the elec-
tromagnetic mass differences are concerned.
Since we have no direct way of treating the “ex-
act” theory, it is not possible to answer this
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