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Data on the beta-decays of pseudoscalar mesons are compared with the predictions
of a spectrum-generating SU(3). When the experimental z-dependence of form-factor is taken
into account, the predictions for overall factor and & are in agreement with the data on
7es, K1y, and K 85. The difference of £ in K 43 from that in K5 is discussed with the possible
existence of scalar interaction violating the 41 = 1/2 rule. The decay width for K — Key
in the model is shown to be two orders of magnitude narrower than that in the Cabibbo
model.

1. Introduction

Recently a new approach to the breaking of SU(3) has been proposed, in particular,
for a weak transition of a pseudoscalar meson into the vacuum or another pseudoscalar
meson [1]. Physical states are proposed to be specified by the four-velocity instead of the
four-momentum. Under the assumption that the four-velocity operator commutes with
the SU(3) generators, the physical state may be written as a direct product of the SU(3)
state and the Poincaré state with the Poincaré group generated by the four-velocity.
A similar assumption of the octet property for the anti-commutator of the physical current
operator with the mass operator allows an exact use of the Wigner-Eckart theorem and,
eventually, an estimate of the effect of SU(3) breaking on the physical matrix element.

The ambitious aim was to explain the suppression of the strangeness-changing current
from the breaking of the SU(3) symmetry, which was expressed in terms of the masses of
particles in the process. The purpose of this note is to study the predictions of the model
for @ —» nlv (¢ = = or K) in comparison with available data and seek possible means of
discriminating the model from the usual Cabibbo model.

* Supported by the National Science Foundation under Grant no. GF 42060.
** Address: Instytut Fizyki Teoretycznej, Uniwersytet Warszawski, Hoza 69, 00-681 Warszawa,
Poland.
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In Section 2, we briefly state the main assumptions of the approach and the resulting
predictions; it shall be pointed out among others that the ratio I'(K{)/2I (K%) shows an
appreciable deviation from unity, even if the 47 = 1/2 rule is satisfied, because of the
differences in the overall factor. In Section 3, we summarize the data on the parameters
describing the distribution in the Dalitz-plot of K;3 decays and discuss the meaning of
them. The results are somehow embarrasing; £ seems to depend on the charge of initial
kaon, which may mean the existence of scalar interaction violating the A = 1/2 rule.
Therefore, in Section 4, we accept these results as they stand and compare our prediction
for the overall factor with the data on widths. In the last section, we discuss the conclusions
and the possible effects of radiative corrections, which are neglected throughout the text,
and propose another method of discriminating the model from the Cabibbo model. The
formulas for widths are summarized in Appendix together with those useful for the deter-
mination of the possible scalar interaction.

2. Moadel and predictions

First we asspme
1. that the four-velocity operator 13“ = p,/M commutes with the SU(3) generators, and
2. that an operator of the form {M?, J}} is the octet operator.
Throughout this note we set p = —1 as working hypothesis [1]. These two assumptions
allow an exact use of the Wigner-Eckart theorem, which takes the following form for
o — nly decay.

(P 1] {M ™Y, T3} [P ) = g(C. G) {F (1) (P P+ F (1) (Pu— Do)} ®
where g is the coupling constant, (C. G.) is the Clebsch~-Gordan coefficient and
f = [t_‘(ma'- mn)z:l/mamn' (2)

In previous papers it has been shown that the relation between the matrix element (1)
and the physical matrix element is [1]

A _ - i 1
P wl {MT 0} Do 0 = mym, (—— + —~> {Pas Tl 1P @) 3
m, m,

Besides 1 and 2, we assume
3. the CVC hypothesis for the octet current.
This condition leads to F- = 0. The physical matrix element is finally given by

_ (E G.g
2m,m,,

F+(;) [(pu + pn) + 5(1’«“ pn)]uLp’ (4)

where L, is the leptonic vector current and

m,—m,
g Ml )

m,+m,




825

This corresponds to the wusual expression

G 0
75{“” } LF+()) (Pt ) +7-(D) (Pu— P)]uL ©)

M = (C.G.) .
sin ¢
We thus have the following three predictions:

(i) the Cabibbo angle or the suppression factor S;; at f = 0 is given by the ratio of the
overall mass-factor in (4),

@) f-(0If-©) = £:DIf+0),
@iii) f-(0)[f+(0) = £ in (5).

TABLE 1
Predictions for & and Si3
I Kya K3
& i —0.5681 —0.5620
y : ’ Ki/7es K[z K{/Kis
AYE l 0.2827 0.2712 0.9593

The numerical values of the predictions (i) and (iii) are tabulated in Table I. It should be
noted that, if the mass differences within isomultiplets are taken into account, the model
predicts an apparent violation of the A = 1/2 rule, i.e., the 89, deviation from unity of
the ratio I'(K{)/2I'(K;5); this deviation hopefully serves as a means of discriminating the
model from the Cabibbo model. For the later purpose, we define the scalar interaction for
K — # transition.

m = (C.G)g
g 2mgm,,

F . (8)2mg fsS, Q)

where S is the leptonic scalar current and the mass factor is phenomenologically inserted
as in the usual convention.

3. Data on A, and &
3.1. A4,

In order to make a comparison of the predictions with data, we must know the mo-
mentum-transfer dependence of the form-factors. Although the momentum-transfer
dependence may be studied within the model, we here take it over from the experimental
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data. According to Ref. [2], most data on K,; decays are consistent with the linear form-
-factor and there is no compelling evidence for the quadratic form-factor;* i.e., we develop

S(1) as

fol) = 14ds— . ®

ki

The experimental data on A, compiled by Particle Data Group are as follows [3].

0.0285+0.0043 (K%

0.027+0.008 (K25)

Ay = ®
0.0288 +0.0028 (K2,

0.0344+0.006 (X3,)

They show good consistency. In our model, F(?) (= F,(1)) instead of £, (¢) is SU(3) in-
variant and the universality for form-factor must be required for F(3).

- .\ (m,—m,)? m, t
Fit)=1+bt =1— ———b+ b—-. (10)
mﬂmﬂ a x
In the following we use this universality.
b = 0.087+0.011 an
or
A(KF) = 0.0285+0.0043, 2.(K°) = 0.0290+0.0043, (12)

where b follows from ATP(K5).

3.2. )u—« = }q.

The equality of the momentum-transfer dependence of f.(¢) is reduced to the relation
A- = Ay in the linear approximation. It is difficult to deduce a meaningful resuit for this
relation from the present data, because A enters into formulas always with a rather small
parameter m/(mg—m,)* (see Appendix A)2 Therefore, we simply cite recent results
which are consistent with the relation or the independence of & from ¢

d¢ —0.0740.17 for K33 [4] ,
= 6 (13)
d(1/m?) 0.03+0.07 for K93 [5]

and assume that the prediction (i) is not in disagreement with the present data.

t We have tried to fit the data by various quadratic form-factors which are, in the region 0 < 7 << 5 mj,
contained in the area swept by the linear form-factor (11) with a few standard deviations. Since the differences
between the quadratic and linear analyses are about 1% in widths, we cite only the results of linear analysis.

2 The sensitivity of measurable quantities on & = 4_/2; is quite low. For example, dR/dk ~ 0.01 R and
dpidk ~ 0010, where R = I'(Ku3)/I(Kes) and g is the Dalitz-plot density at £; = 180 MeV and
E, = 190 MeV. These are evaluated at £ = 1,b = 0.09, and ¢ = —0.57.
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3.3. & in K

Now we turn to the data on £. The magnitude of & can be determined by the following
three methods: the Dalitz-plot analysis of K,; decay (abbreviated as DP), polarization
measurement of final muon from K,; decay (PL), and comparison of branching ratios of
K,; and K3 modes (BR). Since early experimental results are dispersed and include large
error bar, we cite only a few recent data.

TABLE 11
Recent data on & in K,f, obtained from the Dalitz-plot analysis and polarization measurement
Method Ref. Result Average
{61 = —08+08
(A = 0.025+0.03%)
Dalitz-plot [71 &= —0.57+0.24 &= —045+0.15
analysis (A+ = 0.027+0.019 %) (2% = 0.744)
[4] & = —0.344+0.20
(A = 0.0273, t = 6.6 mz°)
I8} = —0.95+0.3
(t = 2.54 m2°, & = const.?)
Polarization 7 £= —072+0.30 &= -0382+0.21
measurement (& = const. ) 2 = 0.525)
{41 E= —0.25+1.20
(t =42 m2%

2 assumption, © another quantity, ¢ momentum-transfer used in the analysis.

We cite in Table IT the recent results on ¢ in K2, obtained from the DP and PL methods.
The results show consistency; i. e., the results of a single method are consistent with one
another within one standard-deviation. Although the PL measurements give smaller ¢
than that in the DP analysis, these two results are not in disagreement with each other.

TABLE III

Data on £in K:s based on widths measurement. The values of R* are calculated from the average compiled
in Ref. [3] and &'s are evaluated at 4, = A~ = 0.0285

Measured Average
quantity R* = I'(K%5)IT(KE) & Average &
T'K3)I'Kiotar) 0.680+0.036* —0.03+0.26
I'(Ky3)/ T(Kgs) 0.625 1+ 0.064 —0.46+0.54 —0.17+0.19
T(Kia) (K y2) 0.6494-0.040 —0.2640.31 (x® = 0.663)
Fit by Particle
Data Group 0.663+0.018 —0.16+0.14

* The ratio I'(Kyu3)/I'(Ktota)) is based on sigle data by I. H. Chiang et al. [9] who obtained
E = 1045+0.28 and A4 = 4. = —0.006+0.015.
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Table IIT shows the ratio R* = I'(K3)/I'(K5) obtained from various normalization
methods and the resulting £. The results are, though consistent, rather sparse and the
average ¢ is in disagreement with that of PL. However, if the data normalized to I'(KZ,,)
are discarded, the other two data give an average ¢ = —0.314+0.27, which is not in
disagreement with the other two averages of £. The agreement of &’s as well as the absence
of scalar and tensor interactions is confirmed in a single experiment by Braun et al. [4]. We
therefore conclude that our prediction & = —0.57 is in agreement with the present data.
Our prediction for R¥ is

R* = 0.61240.005, (14)
where £ = —0.57 and b = 0.08710.011 are used.

3.4. ¢ in K9,

Table IV shows the recent data on & in K23 obtained from the DP and BR methods.
The data on the DP analysis show good consistency, while those on BR experiment are
rather sparse. The average ¢’s of these two methods are in agreement with each other.
This agreement is, however, accidental; for I'(K2;) compiled in Ref. [3] includes the
corresponding radiative events, which may appreciably change the value of ¢ in BR
method.

TABLE IV
Recent data on & in K3
Method Ref, & Average &
[10] £ = ~026+0.21
A+ = 0.046+0.008 )
Dalitz-plot [11] = —0.11+0.07 &= —0.1314+0.064
analysis (A+ = 0.0301£0.0016 %) (? = 0.566)
[5] £= —0.204+022
(A+ = A- = 0.046+0.030Y)
{121 E= 4+0.5+0.4
(R = 0.741+0.044 %)
(Ae = 0.019£0.013 %)
Branching-ratio {13] = —0.15%0.24* £ = ~0.0524+0.168
experiment (R = 0.662+0.032%) (2 = 2.33)
[14] &= —020+029
A+ = 0032, A_ = 0%)

2 assumption, P input data or another quantity, °©momentum-transfer used in the analysis.
* evaluated by us at 4. = A. = 0.029.

The data on PL measurement still show inconsistency [15], [16]. Such inconsistency
may stem from a scalar or tensor interaction with strong ¢-dependence. On the other hand,.
any kind of tensor interaction, which may lead to such inconsistency, is excluded by the
result of Donaldson et al. [11]; the strongly #-dependent scalar interaction is also not
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conceivable, because the existence of a scalar interaction changes the apparent form of
¢ into
¢+ (2my fs/my) (15)

and strong f-dependence of £ is not observed as shown in (13). The origin of inconsistency
thus may lie in systematic errors.

It may therefore be premature to use a definite value for £. Nevertheless, taking into
account the above observations and the degree of consistency, we here rely on the data
of the DP analysis.

K5 = —045+0.15, &(Kp,) = —0.13£0.06. (16)

Our prediction & = —0.56 leads to a value of R(K{,) which is in disagreement with the
present data by several standard-deviations®. The apparent disagreement between our
prediction on € and the data does not necessarily mean the invalidity of our model, because
& in K‘?3 obtained from the DP analysis is also definitely different from that in Kf3 and
the true value of &, which is in the model almost independent of the modes, can be signific-
antly different from raw data.

3.5. Scalar interaction

The apparent dependence of £’s on the charge of initial kaon can be induced if an inter-
action with abnormal property with respect to the isospin change coexists with the normal
vector-interaction. The interaction may not be of tel}sor type, because of the severe limit
on it in K23 and t-independence of &’s in (13). The abnormal vector-interaction leads to
modification not only of & but also of the overall factor; whereas the prediction for the
overall factor is in agreement with the data (see Section 4). We assume that the charge
dependence of ¢’s is due to the scalar interaction. The difference of &’s in K3, then, gives

fs—fsF = 0.034+0.017. an

The interference term between S and V' is proportional to the lepton mass and is negligible
for K,;. The square term of S might be appreciable (see Appendix A). For example, it
gives rise to a correction factor to the r-tendence of form-factor analyzed in disregard of

the scalar interaction:
6mat *
1+f¢ . 18
( % (mé+mi~—t)2—4mémi> )

For K?, we have

178 = 0.038+0.008.4 (19)

3 Qur prediction for R° is 0.61240.004, where £ = —0.56 and b = 0.087+0.011 are used.

4 This is obtained from the data of method 3 in Ref. [17]. The correction (18) is almost equal to 1 for
t < 0.08 (GeV)? but appreciable for # > 0.08 (GeV)?; in the latter region the probable value of [£§] in (19)
reduces ¥ by 6.3 for 9 experimental points compared with the case of f§ = 0. The same analysis for the
results of methods 1and 2 gives [f§] = 0.015%3:095 and 0.0202§:333, respectively, with the decrease of x2
by less than unity.
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As to the isospin property of the scalar interaction, there are two possibilities, i.e.,
(21, 215) = (3, 3) or a combination of (I, 1) and (3, 1). The latter case may affect both K*
and K° decays and might spoil the agreement of the prediction for ¢ in K3 with the data.
The former case, which necessarily violates the AS = 4Q rule and changes only ‘f(Kga),
leads to a difference between J, and J, defined as

LK, 5)—I(KL-)

' IR @)
From the present data [18] and the formulas in Appendix B, we have

f3 = 0.0495+0.0665. @1
The above three results are consistent with the case

f&=0034, f&f=0 (22)
which, consequently, give £ = —0.45 consistent with our model. However, they are not

conclusive evidence for (22) and, furthermore, the data on K3 are too imprecise to allow
the same kind of analysis as (19).

4. Comparison of S;; with data

Since the factor Sj; is related with overall constants, the effect of it can be revealed
only through widths; whereas widths are functions not only of S;; but also of b and &.
In order to separate the effect of S;3 from those of other parameters, we compare here the
experimental widths with those calculated from the theoretical values of S;; and the
experimental values b and £ obtained in the Dalitz-plot analysis. These are summarized
in Table V.

The overall factor S)3 for K% in our model is different from that for K3 due to the
mass difference within the isomultiplets and the difference gives an apparent violation of
the AT = 1/2 rule, which is stated in the Cabibbo model as the equality between I'(K%)
and 2I'(K3) except the small difference in the phase-volume. The theoretical ratio
I'(K%;)/2I (K 3;) obtained in the above method is larger than that of the electron mode
because of the difference in ¢’s. .

The experimental value of I'(KZ;) in Table V is obtained by subtracting I'(K® — nevy)
from I'(K?2;) compiled in Ref. [3]. The width depends on the experimental conditions, i.c.,
how large fraction of the radiative events is included into the K25 events; though we have
calculated the ratio I'(K%)/2I' (K %) by using the data by Evans et al. [13], which seem to
include all the possible radiative events, we found no essential difference from that in Table V
(a small decrease less than 19%). The experimental width I’ (ng,) strongly depends on the
standard used in measurement {see Table III). If the width I (Kf3) normalized to the total
width of K¥ is discarded, the experimental ratio increases by 3%; but it may retain the
same value if the most recent value of I (K23) [14] is used instead of the world average.
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TABLE V

Comparison of ratios of widths with data. The experimental ratio is the world average of Ref. [3]. The
width I'(K2;) is obtained by subtracting the corresponding radiative width

Experiment B—W model Cabibbo model
K%
M (0.992 4+ 0.068) x 107 (1.100+0.041) x 107 (1.172+0.057) x 107
I'(7,3)
K
(Kes) (1.852+0.134) x 107 (2.075+£0.073) x 107 (2.374+0.115) x 107
I'(7e3)
s
( e:) 0.933+0.026 0.9436 +0.046 1.01340.022
2I'(Kes)
'K
( ”—32— 1.012+0.034 1.002+0.049 1.078 +0.049
2T (K%;)
I'(KS3) = Fexp(KS) | b = 0.087+0.011 7+ = 0.0285
~ (KL — mevy) or +0.00453
= 0 =
Note A% = 0.0285+ 0.0043 A 3_%3(())34 ;
o = 0.0200:+0.0043 —{cos oc
S[3 = .
sin f¢
Sta = (mimg)™ sin Oc = 0.236 [19]
+ 0.005

Because of these problems and large experimental uncertainties, any strong conclusion
cannot be deduced from the comparison. If the comparison in Table V is taken at face
value, the predictions of our model are in good agreement with the present data and the
agreement is better than the Cabibbo model.

5. Discussions

Our model predicts definite values of Sj; and £ and equality f,.(t)//1(0) = f(¢)[f-(0).
The prediction for Sj3 is in agreement with the present data, the equality seems to be
campatible, and £ in Kf3 is agreement; but & in K23 is in disagreement. However, the
experimental situation concerning € is not clear; some of results on K23 show inconsistency
and the &’s obtained in the Dalitz-plot analysis suggests the existence of abnormal scalar-
-interaction besides the normal vector-interaction. Although the scalar interaction of the
magnitude compatible with the present limit may well explain the charge-dependence,
the precise form of it with respect to the isospin change cannot be deduced from the present
data; it could carry a spurion of the type (27, 2[3) = (3, 3) or a combination of (1, 1)
and (3, 1). The former case seems to be supported by the present data and gives & consistent
with our model; however the latter case cannot be excluded.

Throughout the text we have neglected the radiative corrections. As to the difference in
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&s, the corrections, which are different in K5 and K% due to the large Coulomb corrections
in the latter, do not seem to explain it, because they are included in recent high-statistics-
experiments [11}, [17]. The included corrections [20]-[23] were calculated in the framework
of current-current interaction by using the Feynman cutoff and they contain the uncertainty
due to the unknown properties of the cutoff effect of strong interaction [24]. Although this
uncertainty may be well within the errors of the present data of I'’s and &’s, it may be of the
order of magnitude of the effect of possible scalar interaction to I'(K2;)/2I(K2%). In this
sense, the isospin property of the scalar interaction cannot be deduced from this ratio even
in the renormalizable theory of weak interaction, in which the cutoff is given by the mass of
intermediate bosons and it has nothing to do with the strong interaction [25]. It is of the
first importance to determine more precisely and systematically the values of & by the
available three methods, the values of 8, and the t-dependence’ of form-factor in K,;.
Besides this principal difficulty, the published calculations of radiative corrections include
minor problems; as pointed ont by Donaldson et al. [11], the results of them cannot be
directly applied to the data, because the conditions assumed in the calculations do not
meet the experimental ones. However, the practical radiative corrections calculated under
the experimental conditions do not seem to spoil the qualitative agreement of our prediction
for S;3 or the ratio of widths with the data, because of the smallness of the corrections
and the same sign of them>.

The model predicts the ratio I'(K{%)/2I (K;5) smaller than that in the Cabibbo model
by about 8%. Because of large uncertainties both in experiments and theoretical estimate
of the radiative corrections, the comparison with the data cannot give a definite conclusion,
but the present data seem to prefer our model than the Cabibbo model. There is another
interesting comparison which may be used for the discrimination between these two
models. The weak current K{ — K* in the Cabibbo model contains cos ¢ just as the
n% — 7° current, while our K{ — K* current contains a factor (mgomy )~ compared with
the factor (m,.m o)t in the n% — 7° current. The corresponding branching ratios are
different by orders of magnitude; the Cabibbo model predicts I'(K{ — Kev)/T" (K2 iotat)
~ 5x10-° and our model gives 3 x 10!, The universality of form-factor is also different
between these two models; the universality of A/mZ2 or b. Although this difference can be,
in principle, revealed by experiments, it is not possible for the moment.

In order to deduce more definite conclusion about the validity of the model, we must
wait for more precise and unambiguous experiments in future. Since the model cannot be
excluded by the present data, it is hoped to make unbiased analysis of experimental result.

The author is indebted to Professor J. Werle and Professor A. Bohm for valuable
comments and to Dr. P. Kielanowski and Dr. R. B. Teese for discussions. He sincerely
thanks Inmstitute of Theoretical Physics, University of Warsaw, for the kind hospitality
extended to him.

3 The radiative corrections, which may be applicable to the data, are found in Ref. [20] for 7es (—1.2%),

in Ref. [20] (Fig. 4) for K%; (—0.5%), and in Ref. [11] for Kﬁ; (—2.4%). The numbers in parenthesis refer
to the correction & defined as I'pare = Loxp (14-9).
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APPENDIX A

Numerical formulas for widths
The widths can be calculated from the matrix element (4)

1 C.G.
TG~ ) = 5 [( )¢ +(0)] (’"2; )(m —mg)’I, (AD)

2 az ﬁ @
where F+(f) = F(0) (1 +bf). The eﬁ'ective Clebsch-Gordan coefficients are /2, 1, 1, 1/y/2
for ¥ — 7% KP = K%, K{ - 2%, K* - n°, respectiVer The intensity function I'is a
function of b and kinematical parameters 7 = m} [(m,—myg)? and 4 = (m, —mg)?[(m,+mg)>.

1

I=fdx

7

x {(2+ %)(1—30 (1—4x)+ 3;"(1+ J4 6)2}, (A2)

F, ()

( )[(1 -x)(1—4x)]*

where x = t/(m,—mg)?. The parameters 1 in K — nev and 4 in n* - 7° and K{ - K*
can be safely neglected. In the following we give the numerical expressions of I's calculated
from the masses in Ref. [3] and under the assumption of universality of the form-
-factor Fi(1).

I(n* - 1% = 0.7531, (A3)
I(K{ - K*) = 0.7385, (A4)
IK* - 7mev) = 0.6925—1.975b, +1.514b%, (A5)

I(K* — nuv) = 0.4470—1.008b, +0.6308b2
+¢[0.08757 —0.07910(b , +b_)+0.08679b . b ]
+£2[0.01330—0.01947b _ +0.009202b% ], (A6)
I(K{ — mev) = 0.6956—1.895b, +1.388b3%, (A7)
I(K? — muv) = 0.4488 —0.9654b, +0.5771b%
+£[0.08644 —0.07472(b . +b_)+0.07838b, b_]
+&2[0.01298 —0.01813b_ +0.008187h% ], (A8)

where b, are meant to be the linear coefficients of the form-factors before (px+tp,),,
respectively; the model predicts b.. = b,. If there is a scalar interaction of the form (7)
in addition to the vector interaction (4), £ in (A6) and (A8) should be read as

gbare + (2meS/mu) (Ag)
and the following terms should be added to (AS5) and (A7)
0.0029f5+0.0013¢,,,. fs+1.23f¢ (A10)

up to the linear terms in m,.
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APPENDIX B
Decay asymmetry of K% and AS = —AQ scalar interaction
The states of neutral kaons, which are relevant for weak decays, are defined as
pIK® +4/K% o _ PIKO~qIE®
VipP+iaP Vil

If AS = AQ amplitude is the vector type of (4) and 45 = —A4Q one is the scalar type of
(7), the decay amplitudes take the following form.

KL> =

(B1)

2
MK 143) ~ e {(px+px)+ <§*+ T 2’f;") (p.(—p,,)} L. (B
vipl"+l4] m.p #

q 2mg q
QR(KO'_)~~:-_—:{(p +p,,)+(!f+——-——f) —p,} L, B3
Li-3 \/fplz'Hq}z K m p s J (P ) ) n (B3)
Then the decay asymmetry parameter
_ (KD, 3)—T(K{s)
(K, )+ (K- 3)

(B4)

i

is given by the following formula up to the first order in g, where ¢ = (p—¢q)/(p+¢).

2my
s om st fs( S+ —fs
Rk m
2Ree  my  I(KQ3)+IK;)

where the coupling constants are assumed to be real. The denominator of (BS) is given by

1 (B5)

2my z
I(KO, )+ 1(KP_) = a+ﬁ(é+ —n": fs) +v(§+ 2~—:Kfs) , (B6)
1

1

where the numerical values of «, 8, y can be obtained from Appendix A. From the present
data in (11) and (16), we have

5. = 2 Re e[1—0.005f5—4.57f¢] (B7)
up to the square terms in f5, and
3, = 2 Re e[ 1—1.866f]. (B8)
If the A4S = AQ rule is satisfied, §, = 2 Re «.
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