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Abstract. An effective theory of large-No QCD of pseudoscalar, vector, and axial-vector mesons has been
used to study six K4 decay modes. It has been found that the matrix elements of the axial-vector current
dominate the K4 decays. PCAC is satisfied. A relationship between three form factors of the axial-vector
current has been predicted. Partial-wave analysis has been done. Non-zero phase shifts are originated in
p — wr. The decay rates are calculated in the chiral limit. In this study there is no adjustable parameter.

PACS. 13.25.-R Hadronic decays of mesons

1 Introduction

There is rich physics in kaon decays. Study on rare kaon
decays is still active. The theoretical study of K;4 decays
has a long history [1-5]. In the sixties the current alge-
bra [2] has been applied to evaluate the form factors of
Kj4. In the nineties the form factors have been calculated
to next-to-leading order in the Chiral Perturbation The-
ory(ChPT) [3]. By combining the phenomenologies of K;4
and 7w scattering the three parameters £; 23 of ChPT
have been determined. In ref. [4] the theoretical uncertain-
ties affecting the Pais-Treiman method have been investi-
gated and it was found that the corrections to the Pais-
Treiman formula from neglecting higher partial waves are
less than 1%. In order to obtain these results in the ChPT
the form factors at the one-loop level have been used. A
study of measuring the w7 phase shifts in K.4 decay has
been presented in ref. [5].

As pointed in ref. [3] there is a puzzle in the studies of
K4. Using as input the experimental central values of the
form factors [6], the total decay rate of KT — rtr~et v,
is determined to be [3]

Ik, =2.94x10%s™*
and the experimental value [6] is
Ik, = (3.16 £0.14) x 10°s™ ",

In this paper we use a different approach to study K4
decays. In ref. [7] we have proposed an effective theory
of large-Neo QCD [8] of pseudoscalar, vector, and axial-
vector mesons. In this theory the diagrams at the tree level
are at the leading order in the large- N¢ expansion and the
loop diagrams of mesons are at higher orders. So far, all
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calculations are done at the tree level and the results show
that this theory is phenomenologically successful [9-11].

We have used this theory to study K3 [7], K — evy [9,
12], kaon form factors [11], , 7K scattering [10], and 7w
scattering [7]. Theoretical results agree well with the data.
This theory extends the study of meson physics to higher
energy. It takes the ChPT as the low-energy limit. All the
ten parameters of ChPT have been predicted [12]. Theo-
retical values of these parameters are compatible with the
ones determined by the input data in the ChPT [13]. In
this theory the Vector Meson Dominance(VMD) is a nat-
ural result and PCAC is satisfied. There are five param-
eters: three current quark masses, a parameter related to
the quark condensate, and a universal coupling constant
g which is determined to be 0.39 by fitting p — ee™. All
parameters have been fixed by previous studies.

In this paper we use this theory of pseudoscalar,
vector, and axial vector mesons [7] to study K~ —
7tr~ly, 7970y, and K; — wn*7%Fv. There is no ad-
justable parameter.

The Lagrangian of this theory [7] is

L= P@)(iv-0+7-v+7 - avs —mule))b(a)

1
+5mi (0] pui + Wwp + affapi + 1 )

+%m§(KﬁaK*au + K1 Ku) + %m§(¢u¢u + ¥ fsu)
‘HZ’(QT)L’Y Wi(z)L + Lw + Liepton — YM, (1)
where a, = mal, + A K, + (3 + %Ag)f# + G-
%Ag)fsu (i =1,2,3 and a = 4,5,6,7), v, = Tip}, +
)\GK;—F(%—F%)@)&)M—F(% - %/\g)¢”, WZ is the W-boson,
and u = exp{ysi(Tim; + A\ K®+n+n')}, m is a parameter,

and M is the mass matrix of u, d, s quarks, the masses

m?2, m3, and m3 have been determined theoretically. The
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introduction of physical meson fields, of the universal cou-
pling constant g, and of other physical quantities can be
found in ref. [7]. We start from this Lagrangian to study
K4 decays.

The amplitudes of the vector and axial-vector currents
of K4 decays are expressed as

1 )
2/ 8Mmgwiws MK

x{(p1 +p2) F9 + (p1 — p2),GY + ¢, R},

(ninT | A K) =

- 1 HY

"TINVLIKY = ——+

'] #| ) 2/ 8m g wiws de
x e py,(p1 + p2)a(p1 — P2)ps (2)

where p1,p2,p are the momenta of two pions and of the
kaon, respectively, g = p — p1 — p2, and ¢,5 = +, —,0. We
define

G=@-p) @=0@-p)° a=m+p)

The form factors, F¥,G%, R%Y and H% are functions of
q?,43,¢3, and ¢3. These four variables satisfy

@G+ G+ @G =mi +2mI + ¢

The paper is organized as: 1) introduction; 2) isospin rela-
tion; 3) form factors of the vector current; 4) K* — Knw
decay; 5) form factors of axial-vector current; 6) decay
rates; 7) conclusions.

2 Isospin relation

For the decay modes K~ — w7 Iy, 7%7% v and K° —
770y there are isospin relations between the form fac-
tors. We take —m*, 7%, and 7~ as isospin triplet and — K0
and K~ as isospin doublet. The isospin relation is ob-

tained as

1

= A+O,
V2

where AY = F¥ QU RY HY, respectively.

At = A% (3)

3 Form factors of the vector current

The VMD is revealed from this theory [7]. The cou-
pling between the W-bosons and the bosonized vector
current(As = 1) has been derived as [9)]

gw . 1 . .
EV = TSlnGcg{fi(a#ij(?VW:)(aﬂK” 78VK,U, )
1 — — * *
—5(8HWV _aVW;L )(aﬂKu+_aVKp+)
AW AW gk (4)
where jlﬂf is obtained by substituting

Kj — gTW sin Hchf
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(a)

(b)

Fig. 1. Feynman diagrams of the vector current.

into the vertex in which the field of the K*-meson, K,,, is
involved.

The matrix elements of the vector current of K4 can
be calculated by using eq. (4). There are two subprocesses
which are shown in fig. 1(a,b). Three kinds of vertices are
involved: the contact term Lg«gnr, Lrk+x and Lx+kx,
and Lg-g, and L,rr. In the chiral limit, my; — 0, all
these vertices have been derived from the Lagrangian (1)
[7] and are listed below:

NC vafB a c 7
EK*K*W = 77('292]67( et dm-KH@yKaamr s
C B 2 2 KO iKb za Kb
K*Kr = ;f(q ) favi “( LT —-7'0,K"),
2
2y _ q 2¢.9 2 2
[@) =14 5 550 = ) —d4n*c?))
2
c= r ,
2gm?
c __Ne wabg, Kag, i 9K
K*pK — _77292f72r€ abify vPa OB 3
2 i
Loprr = ;f(qz)fijkpﬂﬁjaﬂﬂkv
2 6c 62
Lxrkonn = ——(1— =+ —
i 97r2f;°:( g+92)
X dabefcdeguuaﬁKgabeaaPcaﬁpd. (5)

The matrix element of the vector current of Kj4(2) are
calculated by using eqs. (4),(5). The form factors H* are
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found:
- Qm%m%(*{ 1 (1_@ 6_62)_ Ne  f(4)
@?=mi. \m2f3 g g2 g fr g3 —mi.
_ N¢ f(a3) } (6)
20°m% fr g3 — m2 +i/@BI(¢3) )
00 _ 27;1‘}(7712%(* N, { fla3) — f*ad) } (7)
q° — M 2927r2f7r q%,m%(* qifm%(*
o= ke {200 0
q° — M T f3 g g
N¢ [ flq1) f(g2)
T262 fx ' qF — M. g5 — M.
f(g3)

J3
a31,(d3)
where I, is the decay width of the p-meson

2 £2(,.2 2
I,(@) = @;Eﬁ% - Tk, ©)

The decay width of the p-meson is determined to be 142
MeV which is in good agreement with the data. Equa-
tions (6)-(8) show that the isospin relation(3) is satisfied.

The form factors (6)-(8) originate in the Wess-Zumino-
Witten anomaly. They are different from the ones pre-
sented in ref. [3]. These form factors are responsible for
the decay K* — Knm.

g3 —m2+i

4 K* — K decay

The form factors of the vector current are determined by
the vertices (5). On the other hand, these vertices are
responsible for the decay of K* — Krw. As a test of these
vertices the decay widths of K* — Knw are calculated:

F(K*7 — K77T+7T7) =

1
m/dk%dki{ﬁpi — (p1-p2)?HAP? =
0.29 x 107° GeV, (10)

which is less than the experimental upper limit [14], where
A is the decay amplitude and is determined by eq. (5):

4 6c 62
= —Hl-Z+5)
grefa g g
4N, fk3)
9372 fr k3 — m3. +in/k3 ke (K3)
2N, f(k3)

- . ’ (11)
97 [ k3 — m2 +i\/k3T,(k3)

where ki = (p+p1)%, k3 = (p+p2)?, k3 = (p1 +p2)?, and
p1, P2, p are the momenta of 7+, 7~ and K, respectively,
Ik« is the decay width of K*:

_ f(k3) L
- 2mg2k? “4k3

Ik (K2) (k2 +m% —m2)? —m¥ 3.

(12)
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Using eq. (5), we obtain
F(K*_ — K_7T07T0) =
1 2172f 2 2 9
192(27)3mg- /dkldk2 {riv: — (P1-p2)°}
30 { f (k)
g0 f2 k2 — m2. +i/E Tk (K3)
f(k2) }2

B —me + i /B3 T (k2)
0.61 x 1079 GeV

and
P = RO =
1
i [ RS0~ (o1 22?18 =

0.38 x 1074 GeV, (14)

where

8 6c  6c2
ERCTT
J (k1)

12
+\/§7r2g3f7, { k2 —m2. +i\/k3 k- (k2)
f(k2)
k3 — mie. +i/k3 T (K3)
f(ks3) }
kg - m/% + i\/]??%rp(k%)

The theoretical results are compatible with the data [14].

(15)

5 Form factors of the axial-vector current

In the chiral limit, the axial-vector part of the interaction
between the W-boson and mesons is expressed as [9]

1
LA = gTW f_ sin ¢

x{ - %(aﬂwj — QW) O"KTY — 0" K) + WHHiT

JrgTW sin OcAmzfanK;F“+ % sin HCfKWfa“K:F, (16)

where K7 is the axial-vector kaon field and jf are obtained
by substituting K ﬁ — 9 gin HCWﬁE into the vertex in

4fa
which K, fields are involved. From ref. [9] we have
1 1
_ g1 -1
fa=9 (1fw) 2 (17)
2
Am? = 6m?g* = f2(1 - 927;2)*1. (18)
p
The mass of the K;-meson is determined [7]:
(1 ymik, = 6m? + mi.. (19)

o 2m2g?
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Fig. 2. Feynman diagrams of the axial-vector current.

The numerical value is mg, = 1.322GeV which is com-
patible with the data [14].

Two subprocesses contribute to the matrix element of
the axial-vector current. They are shown in fig. 2(a,b). The
vertices of mesons involved in these processes are L, k#r,
Li+krand Li, ok, Lorr. There is a contact term Lx, grr
too. However, the calculation shows that the contribution
of the contact term is very small and negligible. In the
chiral limit, these vertices have been derived from the La-
grangian (1) [7]

Li kon = fai{AQ) KL, K0!
—BKlﬂK*ba v+ DK{, 0" (K3°0" )}, (20)
EKlpK = _fabz{A Klupp,Kb
—BK{,pL0,, K" + DK}, 0"(p,0"K")}, (21)
where
F? 2c 3 2c
AW = Zgfls PP+ - X
(p°) = 7 {g [g 47T2g2( g)]
1 2¢c 3 2c
2 —_— —_—
P2 = f2 <1—§> L (23)
g
2c
B = f gfa27_r2 ( - 5)7 (24)
3 2c
D= _f_ﬂfa 27729(1 - ?)}7 (25)

where ¢ and p are the momenta of K; and of the vector
meson, respectively.
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By using eqs. (16,20,21), we obtain

1 (qMQV g )ngam%(*
V22 Mg -,
><<7r+7r7|{A DK+) KOVW — BIEOA(?Mﬂ*}

(mr A KT) =

*%{A(pp)p K~ = Bpox, K™ }|K™) (26)

Equation (26) shows that PCAC is satisfied in the chi-
ral limit. The reason is that the Lagrangian (1) is chiral
symmetric in the limit m,; — 0. On the other hand, the
PCAC results in the cancellations between the four terms
of eq. (26). Equation (16) shows that the axial-vector cur-
rent has a more complicated structure than the vector
current (4) does. In the chiral limit applying PCAC to
eq. (2), a relationship between the three form factors of
the axial-vector current is obtained:

—p2)G}. (27)

1
R= —q—z{q-(pl +p2)F +q-(p1

Substituting the vertices (20,21) into eq. (26), the three
form factors are obtained:

>
Ft= = W
<AL LA+ 1B 0+ )
—m f?%rp(q%)lg”' (2 =p1)} (28)
2
ot — _2qu;aT;;;£K
X{M[;A(ﬁ) + %Bpl (P +p2)]
f(d3) A}, (29)

- m% + iy qup(qP%)

In the same way the form factors of other two decay
modes are obtained

2
FO0 _ gfamie.mx
- 2 _ .2
q My,

2y 3
X{q%f—(qr;z)i* [§A(

1
@)+ iB(pz “p+p2-p1)]

%)+ 1B(pl p+p1-p2)|}, (30)

a3 —m%. 2 2
Goo _ _9fami-mi
q* —m%(1
X{ 1A(Q%) - lB(Pz'p‘f'pz'm)]
mK* 2 2
f(Q2) 1, 5 1
B2 AR) 4+ B(pyp+pr- 1
+q§—m§<*[ 5 (CI2)+2 (p1-p+p1-p2)l}, (31)
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V29 famie-mi
q* —m¥,
flad) 3, 5 1
L 2y “B(p, - .
X{q%—m%*b (Q1)+2 (p2-p+p2-p1)]
f(@3) 3, 5 1
SRAN VN ') 2 Blp; - .
q%—m%*[Z (QQ)+2 (p1-p+p1-p2))

2f(q3)
a3 —m2+i\/g31,(q3)
\/_gfa K*mK

2
q *mKl

FH0 =

Bp-(p—p2)},  (32)

G0 =

1,1
X{ mK* §A(Q1)_§B(p2']9+p2']?1)]

1
qif—(q;’t)% =34

2f(q3)
a3 —m2 +i\/q31,(43)

The isospin relations (3) among these form factors are
satisfied.

The partial-wave analysis of these form factors can be
done. The decay channel p — 77 contributes to the decay
modes of 777~ and 7T 7%, The range of the variable ¢3 is
4m?2 < g3 < (mx —my)? in which the decay width I',(¢3)
is not zero. The form factors, At~ and A*? are complex
functions of ¢2. The p — 7 does not contribute to m97°
mode. Therefore, F° and G are real. The ¢? and ¢3
variables are expressed as

1
63) + 5B(p1-p+p1p2)]

A(g3)}-

(33)

1 4m?
@ = 5(mK—|—2m +¢*—¢3) + (1— 2 “) X cosfr, (34)
3
1 4m?
g = §(m§<+2mi+q2—q§) —(1- Z;“)%XCOSOW, (35)
3

1
where X = {%(m% —*—q3)? —q2q§} 2 and 0 is the angle
between p; and p in the rest frame of the two pions.

In refs. [6,15] by assuming the s- and p-waves domi-
nance the partial-wave analysis has been done. As pointed
in ref. [3], there are partial waves of higher orders. This is
true in the form factors obtained in this paper. In order
to compare with data we expand the form factors (28-33)
up to s- and p-wave only. We obtain

Ft—=Ff+ F;_emzr cos O,
Gt~ = Gj_ei‘sS% + G~ cos Oy, (36)
FH0— F;Oei‘sgo cos B,
GO = G0, (37)
FO0 — p00,
G = ngo cos 0. (38)

All the phase shifts are caused by the decay p — 7w and
they are functions of ¢* and ¢3.

In order to compare with the data s; = ¢* and s, = ¢3
are used in following equations. For the 777~ mode the
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numerical results are

+- 5
Ff— = 4.36{1+0.124m7r 0. 16(4 -1},
G = 506{1+00024 z +0.23( 2 - 1)},
Hf~ = -5. 82{1+013 +0023( yy -1}, (39)

™

For the 77 7% mode we obtain

F0=o,

S

+0 _
Ff0 =11,

G0 =9.04{1+ 0.052—=— + 0.028 -1
{ + 4m + (4m )}

™ s

H™ =578, (40)
The corresponding amplitudes for the 7°7° mode can be
obtained by the isospin relations (3).

In refs. [6,15] assumptions, like the absence of higher
waves, s;-independence of the form factors and equality
of the slopes, have been made. Under these assumptions
the following expressions for the 777~ mode have been
determined in ref. [6]:

_ S

FSJ’_ == ( . 2 _1)}7
_ S

Gt =AT7+027){1+ Ag(m -1},

_ S
H*~ = —(2.68+0.68){1+ Ah(m -1},

Af = Ag = Ap = 0.08 +0.02, (41)

For the 7+ 70
are

mode the form factors determined in ref. [15]

F = fe + f, cosf e

H = he'r, (42)
— (7.8£0.7+02)
% {1+ (0.014 £ 0.087 £ 0.070) (15 — 1)},

I 0,010 £0.016 % 0.017,

g
o — 0,079+ 0.049 + 0.022,

g

h

;= 001T+031 4031, (43)

A comparison between the theoretical results of the
form factors and the measurements shows that

1) for 77~ mode the central values of the theoretical
form factors (multiplied by 2), F' and G, are compati-
ble with the data (41),

2) the dependencies of F;;77(39) on s; and s, are different
from the data (41),

3) the dependence of GT7(39) on s; and s, is compatible
with the data (41),
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4) the central value of H*~(39) is greater than the data
(41) by a factor of two,
5) from egs. (40) we obtain

s h
g =9.04, o _ 0, o _ 0.12, - =0.64,
g g g
the central values of g, %, %” are compatible with the
data (43),

6) the theoretical value of % is different from the data
(43),

7) the dependence of G~ on s; and s, is different from
the data (43).

8) In ref. [6] F,/~ was found to be compatible with zero,
and hence we put it equal to zero when the final re-
sult of G~ was derived. In this paper the calculation
of the form factors shows that the values of G*~ are
greater than '™~ by more than a factor of two. The
calculation also shows that Flj' ~ is less than 10% of
F;~. These results are in agreement with the data [6].

9) In this theory the phase shift of the p-wave originates
in the decay p — 7w, which is a function of s; and s;.
The value of this phase-shift is about few degrees. The
phase shift of the s-wave cannot be obtained in this
theory. As pointed out in ref. [7], in order to get the
s-wave phase-shift the w7 scattering the o-meson has
to be introduced into this theory.

It is necessary to point out that because of kinematic rea-
sons, the contribution of the anomalous form factor H
is negligibly small and theoretical H fits the data of the
decay K* — Knm well.

For reference the form factor obtained by Weinberg [2]
are listed below

mrV2

F=G=
fx

= 7.48,

H=0. (44)

6 Decay rates

The decay rates of the three modes of K.4 and K,,4 are cal-
culated. As mentioned above, all the form factors are de-
rived in the chiral limit. Therefore, only the leading terms
of the masses of the kaon and pions are kept in the calcu-
lation of the decay rates.

Ignoring m,, only the form factors F, G, and H con-
tribute to the decay rates of K.4. By using the formula of
ref. [1], we obtain

'K~ —7tn~ev) = 3130571,
INK —77%)=0.221x1072! GeV, B=0.42x1075.

I(Kp — nmn%v) =4923s7!, B =255x10"%

The experimental data are

[(K~ — a7~ ev) = (3160 + 140) s~ [6],
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B(r°7%) = (2.54 £ 0.89) x 107°(10 events) [16],
I(Kp — ntrlev) = (1700 + 320) s~ [15],
B(r~ %) = (6.2+£2.0) x 1075 [17],

B(r~n%) < 200 x 107° [18].

The theoretical result of the 777~ mode agrees well with
the data. For the 71 7% mode, theory is greater than the
experiment by more than a factor of two. However, the
form factors of the axial-vector current are compatible
with the data [15].

Using the full expressions of the form factors(28-33)
and the expansions (39),(40) the puzzle raised in ref. [3]
can be studied. By using the expansion (39),(40) the de-
cay widths of K= — #f7n ev and K; — wtnler are
calculated to be

K~ —ata~ev) =1519s71,
'Ky — mTn%v) = 2233571

They are about half the values obtained by egs. (28, 29,
32, 33). These results show that the expansions (39,40)
may not be good approximations. The possible reason is
that because of the contribution of p — 7x the resonance
factor

1

qg—mf)—k

Q§ I p(Q§)
appears in the form factors (28-33). The range of ¢3 is
4m?2 < g3 < mi.

Therefore, use of linear expansion of ¢3 is not a good ap-
proximation for the resonance factor. A different reason of
the puzzle has been presented in ref. [4].

The form factors of the vector current are determined
by anomalous vertices. The numerical calculation shows
that the contribution of the form factor H is only 0.5%
of the total decay rate of K~ — wtn~ev. Therefore, the
axial-vector current dominates the K4 decays.

As shown in fig. 2(a,b) there are two channels in Ky
decays. The numerical calculation of K= — wtm~ev
shows that the contribution of p — 7 (fig. 2(b)) is twice
of the process, K* — K, (fig. 2(a)). Only the process
(fig. 2(a)) contributes to K~ — 7w'7m’er. Because of the
Bose statistics there is an additional factor of % in the for-
mula of the decay rate of this mode. Therefore, this theory
predicts a smaller decay rate for the 7°7° decay mode. On
the other hand, the numerical calculation shows that the
process(fig. 2(b)) is the major contributor of the decay
K9 — 7tn%uw. The theory predicts a larger branching
ratio for K° — 7+ 70w,

All the form factors contribute to K4 decays. Equa-
tions (26,27) show that in the chiral limit PCAC is satis-
fied and the form factor R is determined by other two form
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factors, F' and G. The branching ratio of K4 provides a
test of this prediction. The numerical results are

DK —7tr uw)=0.634x 1072 GeV, B=1.19x10"",
N(K™ —a7%u0)=0.673x10"%2GeV, B=0.126x10"°,

D(K°—7T7%w)=1.01x1072' GeV, B=0.793x10"*.
The experimental data [14] is
B(K~ — ntr ) = (1.44+0.9) x 107°.

The theory agrees well with the data.

7 Conclusions

All the four form factors of K4 have been derived from
an effective theory of large-No QCD of mesons in the
chiral limit. It has been found that the contribution of the
vector current is negligible and the axial-vector current
is dominant in Kj4 decays. PCAC is revealed from the
theory. In the chiral limit it has been predicted that the
form factor R is determined by the form factors F' and G.
The prediction has been tested by K~ — 7 r~uv. The
theory agrees with the data. The partial-wave analysis has
been done. The central values of the form factors, F' and
G, of the 777~ mode are compatible with the data. The
decay rate of this mode agrees well with the data too.
For the 7t 7% mode the form factors of the axial-vector
current are compatible with the data. However, the decay
rate is greater than the data. The theoretical branching
ratio of K~ — m%7n%uw is less than the data. There are
only 10 events. The values of the anomalous form factors
originated in Wess-Zumino-Witten anomaly are greater
than the data. These anomalous form factors are tested
by the decays K* — Kmm. The theory is consistent with
the data.

In this theory p — 7w (fig. 2(b)) is the most important
channel. It has been found that the linear expansion may
not be a good approximation. The non-zero phase shift of
p-wave originates in the decay p — 7.

There are three problems that should be investigated
in the future study of K.

1) The s-wave phase-shift cannot be revealed from this
study. The o-meson has to be introduced in this effec-
tive theory.

2) The form factors are calculated in the chiral limit in
this paper. The effects of the strange-quark in K4 de-
cays need to be studied. In previous studies [7,9-11]
the amplitudes of the physical processes are calculated
in the limit, my = 0. We can use the comparison be-
tween theoretical results and the data to estimate the
contributions of the strange-quark mass to these pro-
cesses. We take the decays, ¢ — KK and K* — K7 as
examples. Using the vertex L95K of ref. [7], we obtain

(¢ — KtK™) =2.14MeV,
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I'(¢p — K°K% =1.4MeV.
The data are

I'(¢p— KTK™) =219(1+0.02) MeV,

(¢ — K°K°) = 1.51(1 4+ 0.02) MeV.

The deviation is less than 10%. Using eq. (12), we ob-
tain

I(K* — Kr) = 45.6 MeV.

and the data is 50.7(1 £ 0.01) MeV. The deviation is
11%. In these calculations g = 0.39 is used. A theo-
retical study on the effect of the strange-quark mass is
needed. As a matter of fact, in ref. [12] the contribu-
tions of current quark masses to pseudoscalar mesons
are calculated to O(m2) and the decay constant of
pion, kaon, and n are calculated to O(my).

3) The calculations are done at the tree level in this pa-
per. According to ref. [7], the amplitudes of K4 at the
tree level are at the order of O(N¢). The loop diagrams
of the mesons contribute to Kj4 decays too. The am-
plitudes of the loop diagrams are at O(1) in the N¢
expansion [7]. The loop diagrams can be calculated
and the effects of loop diagrams bring modifications to
the parameters determined at the tree level.

All these three problems will be investigated in the near
future.
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