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AI =% effects in nonleptonic kaon decay predicted by strong isotopic-spin breaking with an
exact AI =; weak Hamiltonian are compared with those which follow from an intrinsic AI =2

Hamiltonian.

I. INTRODUCTION

Several authors have argued for the necessity of
nonelectromagnetic isotopic-spin breaking in or-
der to explain electromagnetic mass differences,
n—3m decay, and other effects.’ Recently Baée?
and Goyal and Li® have applied these ideas to the
nonleptonic K-decay problem. The latter have con-
cluded that strong isospin-breaking terms in con-
junction with an exact AI=% weak Hamiltonian are
insufficient to explain the magnitude of A/= 2 terms
as experimentally found in both K - 27 and K - 37
decays,* while Baée has suggested that these ef-
fects may be large enough. However, both calcu-
lations are based on definite phenomenological
forms for the weak interaction and assumptions
concerning certain matrix elements. Also, Goyal
and Li use a pole model for the decay which ne-
glects the existence of contact terms required by
current algebra and partially conserved axial-
vector current (PCAC), which has had consider-
able success in this realm.5

This note attempts to remove some of the model
dependence of the previous calculations. We as-
sume the validity of certain commutation relations
of generators with the weak Hamiltonian and show
that one may relate certain A/=3} breaking effects
in K - 37 decay to those in K-~ 27 decay without
arbitrary assumptions concerning the size of un-
known matrix elements. In the next section we ex-
plain our procedure and compare theoretical pre-
dictions with experiment.

II. STRONG ISOSPIN BREAKING

We assume here that the strong-interaction Ham-
iltonian is of the form

Hy=H,— €5y — €513 — €ty (1)

where H, is SU(3) XSU(3)-invariant, and the «’s
represent a (3, 3) + (3, 3) breaking of the symmetry.
Analysis of the pseudoscalar masses by Gell-
Mann, Oakes, and Renner suggests that €;/¢,

=~ -1.25,° while examination of mass splittings

(K=

among members of common isotopic multiplets
by Cabibbo and Maiani gives €;/€,~1072." How-
ever, for the present we do not assume any par-
ticular values for the ¢;.

We suppose the nonleptonic weak decays to be
produced as a result of a Hamiltonian

Hyy = f d°x3C,, (),
with ¥, such that

[Fi"}cwk]=[F?13ka]’ =1,2,3,8, (2

where F; and F$ are respectively the vector and
axial-vector generators of SU(3)xSU(3) transfor-
mations. Such a relation follows, for example, if
the Hamiltonian is constructed as the product of
V+A currents. Also we assume the validity of
PCAC for the pion field in the form

auA:lewmwzdji’ i=1, 2; 3;

and assume that pion amplitudes can be smoothly
extrapolated off the mass shell.

The Al=$ contributions to the nonleptonic decay
A~ B come then from two sources: {B|332|A)
which represents the effect of an intrinsic Al=3
component of 3¢, , and the Al=3 part of

i€, f %% B| T (uy(x)312(0)) [ A) (3)

representing the strong isotopic-spin-breaking cor-
rection to JCi{2.°

Following the technique of Nambu and Hara,® we
may now relate the decay K - 37 to amplitudes for
K~ 27 transitions. We first parametrize the
K- 27 and K - 37 amplitudes keeping in the latter
terms linear in the energy:

AK* ~ 7t 1%) = (1:_;6)1/203’
AK~m'17) = (§)%a, + (&) 2a,, (4)
AR =~ 7°1°) = =(§)2a, + 2(&) " ?a,,

and
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AK* =7 1°1%) = =5V 2{a, - (3)2 05 +[ B, = () BB} - 3(3) Pya(EL - 5 M),

A" =11 17) =5V2{20, V2 ag+[ B, - D) VPBI(E. - M)+ 3(3)Pys(E_ - 5My),

AR~ 11719 =3[ 0, + V2 o+ (B +V2 B)E,] + (&) *y,(E_~E.), (5)
AR~ 1°7°7%) = =3[0, +3V2 ay+ (B, + V2 B)M,] .

Here E, , represents the energy of the corresponding pion, and a;, a;, B;, y; are constants, ¢=1, 3 refer-
ring to the AI=3, 3 contribution to the decay amplitude. Now since

1m: (mg mo,Ta |3 (0) | KR) = —FZ—< Tq Mo, [LF°(0), 3¢ (O] | K) (6a)
[ 3nd T

Lm | d*x(ngm,ms | T (us(0)3C2(0)) | KR)

a0

="F%f d*x (n2 1, | T (uy (D[ F2(0), 342(0)]) | K3) = T—ﬁ” f d*x(mg me, | T(VZ vy(%) +v,(0)]332(0)) [KT)

(6Db)
with v,(x) being the pseudoscalar densities,® we can relate the K —37 amplitudes to K - 27 amplitudes,
where energy-momentum conservation is retained in both decays.

We define
j dtx (| T (uy(x)3CHE(0)) | K*) = (&) ?gs,
Q)
f dix(mt nm | T(uy()3C2(0)) | KO = (3)2g, + (),
f d4x{ 101°) T (us(%)3C22(0)) | KO = =(§)2g, + 2({5) %2,
(8)
\/—— d4x {7 m®| T([VZ vp(x) +v,()]3€42(0)) |K™) = =(§)"/*h,5°°6™ .
Then we find
— gl 12 fs 2yi2 Pit &1 3y &s ]
o= —i3(f%) F"+€3{(-§) F. +(f5) 6F. |
_: 5 (syiefs _orzyiz litg 1/2_5£3_] 9
BsMy=i 3 () F,r+€3[ 2(3) F, (&) oF (9)
(5)Y%ysM =i § (-5-)”2 (% )1/251%—
where f,= ()% 'n*n"IJCS’zIK*) The dominant contributions to @, and 8, come, of course, from
(n*n’r°|3¢}2|K"), and we find®
3 fi o3
@, =—i 7o BMyg=iV3 P (10)
where f, = =V 3 { 1°7°|3¢L2(0) |[K® .
Parametrizing the K - 37 amplitudes
1
&(K——31r)=A<1+7\2MK§L;13—2M’£) , (11)
m

where E, is the energy of the “odd” pion, A is the average amplitude, and X is the slope of the Dalitz plot,
we find as tests for AI=3 terms

Aig v g
1 +00 =1+9 1/2J_ ~1+27 1723 +2 1/21’€ _3_
e (%) 8, %) 7 3(3) S,
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4 3 B 172 3 as“'ﬁgzMK
TR o

2A+-g 1+_§__a§+B§IMK ~1- -——&-&-2 h1+g1_- Ne! )1/24
Ain V2 o, +BsMy V5 f f1 fi’

and for the ratio of A_I= 2 to aAI=% amplitudes in K - 27 we predict

L fi+163 & (13)

a, 1

Experimentally we have

(2)12% 20,032£0.001, A¢Q=0.8510.09, -§M=1.34i0.20, 28420 0.9140.02. (14)
a; +00 Ao Al

Now previous workers have, in their particular models, argued about the size of €,/¢, and of matrix el-
ements such as {7°|u;|n) or {(mm|3C, [K) in order to evaluate the credibility of the model. Our procedure
can avoid some of the uncertainty, at least as regards the slope predictions. We find that if the only A/=3

terms are a result of strong isospin breaking

RSN YL ST (15)
Ao a,
while if the AI=$ components emanate purely from an intrinsic Al= 2 term in the Hamiltonian we have
—tRe0 gy m(gyefe s, (16)
Ao a

Unfortunately both models predict Nico/Nigo=1.
In order to go further, we note that if we assume single-particle dominance of V2 v,+v, we have

V3 1
hy = ~i o fi- amn

Thus we predict that if A7=£ terms are due to strong isospin breaking

Aig_ 1/2 (l3 V3 Vo €& _ —L.ﬁ €
ot NG e L IR ol (18)

where we have used the tree—graph result g, = -(3)"%g, [cf. Eq. (20)], while if an intrinsic Al =$ component

is the cause

a
2Aﬂ=1-3(%)1/2——3=0.91. (19)
Age a,
TABLE I. Values of parameters violating the Al = rule in various models.
Expt. 2 ﬁ_z__ib _63_2__._1_6 iu__.l_d 5¢3/2
bt & 18 & 40 € 137 wk
12,
-5 = 1.34£0.20 1.15 1.15 1.15 1.45
2 A,
%ﬂﬂ 1.15+0.09 1.00 1.00 1.00 1.00
+=0
Aicg
2 += 0.91+0.02 0.87 0.89 0.91 0.91
-

2B. Aubert, Ref. 4.

b yalue suggested by R. Oakes, Ref. 1.

¢ Value suggested by N, Cabibbo and L. Maiani, Ref, 1.

dvalue suggested by R. Gatto, G. Sartori, and M. Tonin, Ref. 1.
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Our predictions are summarized in Table I.  We see that the experimental slope data do not rule out ei-
ther model. More accurate data on the 7 slope would enable us to make a more definite statement. The
discrimination as far as the amplitudes are concerned depends on €,/¢, and /€, If we assume €,/¢,

=~ ~1.25 as suggested by Gell-Mann, Oakes, and Renner then for the values of €;/¢, suggested by various
authors we find the results in Table I. No model is clearly favored or disfavored by the amplitude data.

. If we are willing to abandon model independence, we may make specific numerical predictions. We work

in a tree-graph approximation so that

f A% (10| T (us(x)3CL2(0)) | K™)

_5a3<na,u3|n>

then

g:=-V5 g,=i(i2)12 (7° lua'n><7]7f+'3€\1w€<2‘l{+)
581215 m, e —-my°

The matrix element is

€
(1°ug|n)==3=20m 2 —my®)

€g

2<7T P faeye [K")+ 6" |ug | m)—

2<7' nlffC“le"

(20)

(21)

in the model of Gell-Mann, Oakes, and Renner, while for { 7¥n|3C}{Z2|K*) several models yield

(a* 77,361/2'1{+> =(2)2

Hence we predict

1/24__‘___ 3 _1N
g (1)

(22)

where n=m ,2/M % so thatif I=3 terms are due to strong isospin breaking,

(4 )1/2J=_Z€3__3_ _3/42( )1/2<1+3

V57, 6 1-7

(23)

which is, even for the large value of €,/¢€, suggested by Oakes, rather too small to explain the experimen-
tal AI=3 breaking parameters in K - 27 or K~ 37. However, this depends critically on the assumed val-

ues for {m°|u, | n) (' n|3CHZ|K*) .

We have attempted to show that even without knowledge of the size of these matrix elements or of the
specific form of the weak Hamiltonian, one may be able to distinguish the consequences of an intrinsic

AI=$% interaction from strong isospin breaking.

*Work supported in part by the National Science Founda-
tion.
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