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Abstract

Analytical expressions for the vector and scalar form factors of
semileptonic decays Kl3 have been obtained in the Quark Confine-
ment Model.The contribution from the direct diagrams, as well as
that one from the intermediate vector states in the form factors
are examined.The performed investigation proofs that the semilep-
tonic kaon decays can be successfully described in the framework
of QCM. We need no additional parameters and assumptions for
adequate description of this kind of decays. Well known CTMOP
relation, obtained in the current algebra approach,is reproduces in
QCM with 10% accuracy.Numerical values for slope parameters
λ′+ = 0.031 and λ′0 = 0.0165 are in satisfactory agreement with
experimental data.We also study the radiative decays of neutral
kaons K0

L,S → γγ in the framework of effective weak lagrangian

approach. It is shown that the dominant contribution to K0
L → γγ

amplitude is given by the weak transitions of kaons into π, η and
η′ mesons. It should also be noted that the amplitudes associated
with the operator O5,are strengthened in comparison with other.
Decay K0

S → γγ is completely described by graphs with interme-
diate scalar states .Recived values Br(K0

L → γγ) = 5.58 × 10−4

and Br(K0
S → γγ) = 2.083 × 10−6 are in a good agreement with

experimental data.
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1 Introduction

Study of kaon decays has attracted the attention of researchers for decades.
The reason is that kaon decays involve an intricate interplay between weak,
electromagnetic and strong interactions.This decays are of extraordinary
interest as a source of information about a New Physics beyond Standard
Model. From this point of view it is very important to have trustworthy
quantitative estimations of parameters of mentioned decays in the frame-
work of Standard model. The problem is that calculation of hadronic
matrix elements in the most of theoretical approaches needs a great num-
ber of additional parameters and model assumptions . Kaon decays have
been treated in several reviews and lecture notes during the past 20 years
[1].

Pure leptonic and semileptonic decays are among the theoretically
cleanest K decays. From this point of view it is very important to have
trustworthy quantitative estimations of parameters of mentioned decays in
the framework of Standard model.

The aim of this work is theoretical study of semileptonic and electrom-
fgnetic interactions of kaons by means of effective Lagrangians proposed
in [2], [3],[4]. The calculation of hadronic matrix elements are performed
in the Quark Confinement Model (QCM) [5]. This model based on the
certain assumptions about nature of quark confinement and hadroniza-
tion allows to describe the electromagnetic,strong and weak interactions of
light (nonstrange and strange)mesons from a unique point of view. Basic
low-energy properties of kaons in QCM were considered by us in [6]. The
undoubtful dignity of model is that further study of kaon decays doesn’t
need no more additional assumptions and no more additional parametres.

2 Quark Interactions

The hadronic interactions will be described in the QCM.This model is
based on the following assumptions [5]:

The hadron fields are assumed to arise after integration over gluon
and quark variables in the QCM generating function. The transition of
hadrons to quarks and vice versa is given by the interaction Lagrangian.
In particular necessary interaction Lagrangians for π±andK mesons look
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like:
LM =

gM√
2
Mq̄aΓλmqa (1)

where Γ- Dirak matrix,λm - is a corresponding SU(3)-matrix,q- quark vec-
tor

qaj =

 ua

da

sa


In order to quantify the mixing in the η, η′ system, one have to define ap-
propriate mixing parameters, which can be related to physical observables.
In the [8] the best agreement with experimental data was achieved with
the

ϕ = 39.3◦ (2)

The properties of scalars are not well established and its description
needs an additional assumptions. We use the Lagrangian with additional
interaction with derivative [9]:

LS =
gs√

2
s(x)q(x)(I − iH

Λ
(
←−
∂̂ −

−→
∂̂ ))λSq(x) (3)

with

λS =

diag(1,−1, 0)⇒ a0(980)

diag(cos δs, cos δs,−
√

2 sin δs)⇒ σ(600)

diag(− sin δs,− sin δs,−
√

2 cos δs)⇒ f0(980)

We use the values of additional parameters H, δs fixed in [9]:

H = 0.54; δS = 17◦ (4)

The coupling constants gM for meson-quark interaction are defined from so-
called compositeness condition. It us convenient to use interaction constant
in a form:

hM =
3g2

M

4π2
= − 1∏̃′

M(mM)
(5)

instead of gM in the further calculations. All hadron-quark interac-
tions are described by quark diagrams induced by S matrix averaged over
vacuum backgrounds.
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The confinement ansatz in the case of one-loop quark diagrams consists
in following replacement:∫

dσV ACTr|M(x1)S(x1, x2|BV AC)...M(xn)S(xn, x1|BV AC)| −→∫
dσvTr|M(x1)Sv(x1 − x2)...M(xn)Sv(xn − x1)|, (6)

where

Sv(x1 − x2) =

∫
d4p

i(2π)4
e−ip(x1−x2) 1

vΛq − p̂
(7)

The parameter Λq characterizes the confinement rang of quark with flavor
number q = u, d, s. The measure dσv is defined as:∫

dσv
v − ẑ

= G(z) = a(−z2) + ẑb(−z2) (8)

The function G(z) is called the confinement function. G(z) is independent
on flavor or color of quark. G(z) is an entire analytical function on the
z-plane.G(z) decreases faster then any degree of z in Euclidean region.The
choice of G(z),or as the same of a(−z2) andq b(−z2), is one of model
assumptions.In the note [5] a(−z2) and b(−z2) are chosen as:

a(u) = a0e
−u2−a1u

b(u) = b0e
−u2−b1u (9)

The request of satisfaction of Ward anomaly identity in QCM gives
the additional correlation between a(0) and b(0): b(0) = −a′(0), a(0) = 2.
Using a(u) and b(u) as (9), one can receive: a0 = 2, a1 = b0

4
. So, the

free parameters of the model are Λq, b0, b1. The model parameters for
nonstrange quarks were fixed by fitting the well-established constants of
low-energy physics in [6]

Λu = 460 MeV, ΛS = 506 MeV,

b0 = 2, b1 = 0.2,

a0 = 2, a1 = 0.5. (10)

We put Λu = Λd in the most of decays.
Semileptonic transitions are mediated by the effective Lagrangian

Leff = −GF√
2
S

1/2
EW [l̄γµ(1− γ5)νl][ūiγ

µ(1− γ5)Vijdj] + h.c. (11)
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where Vij denotes the ij element of CKM matrix [10], GF = 1.1663788(7)×
10−5GeV −2 [11] is the Fermi constant as extracted from muon decay. The
universal short distance factor

SEW = 1 +
2α

π
(1− αs

4π
) ln

MZ

Mρ

+O(
ααs
π2

) = 1.0223± 0.0005 (12)

encodes electroweak corrections not included in GF and small QCD effects
[12].

Electromagnetic quark interaction is described in the standard form:

Lemq = eAµqQγ
µq. (13)

the notation is adopted

q =

 u
d
s


Q =

 2/3 0 0
0 −1/3 0
0 0 −1/3


The quark weak interaction is described by effective Lagrangian Leffw for
∆S = 1 -transitions (the K+ → γγ decays are of this type). This La-
grangian is a sum of usual four-quark operators [3] :

Leffw =
GF

2
√

2
VudV

∗
us

6∑
i=1

ciOi (14)

where four-quark local operators Oi are chosen in following way:

O1 = (dOµ
Ls)(uO

µ
Lu)− (dOµ

Lu)(uOµ
Ls) (15)

O2 = (dOµ
Lu)(uOµ

Ls) + (dOµ
Ls)(uO

µ
Lu) + 2(dOµ

Ls)(dO
µ
Ld) + 2(dOµ

Ls)(sO
µ
Ls)

O3 = (dOµ
Lu)(uOµ

Ls) + (dOµ
Ls)(uO

µ
Lu)− (dOµ

Ls)(sO
µ
Ls)

O4 = (dOµ
Lu)(uOµ

Ls) + (dOµ
Ls)(uO

µ
Lu)− (dOµ

Ls)(dO
µ
Ld)

O5 = (dOµ
Lλ

as)
∑

q=u,d,s

(qOµ
Rλ

aq)

O5 = (dOµ
Ls)

∑
q=u,d,s

(qOµ
Rq)
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Figure 1: Graphs define Kl3 matrix element. Indexes a and b indicate the
contributions of direct graph (a) and graph with intermediate K∗ reso-
nanse(b).

Here Oµ
R,L = γµ(1 ± γ5), λa-Gell-Mann matrices, acting in colour space.

The numerical values of ci depend on QCD parameters µs αs [4]. In
this note we use the set of coefficients ci corresponding µs = 0.25 GeV,
αs = 0.45 :

c1 = −1.97 c2 = 0.12 c3 = 0.093 c4 = 0.47 c5 = −0.036 (16)

3 Kl3 Decay

Matrix element of Kl3 decay is determined by graphs shown in Figure 1.
and can be written as

Mµ = F+(t)(p1 + p2)µ + F−(t)(p1 − p2)µ (17)

where

F+(t) = F a
+(t) + F b

+(t)

F−(t) = F a
−(t) + F b

−(t)

t = (p1 − p2)2 (18)

Contribution from graph (1a) have been obtained in following form:

F a
+(t) =

√
2hKhπF

−
V PP (t,m2

K ,m
2
π,Λs,Λu,Λu)

F a
−(t) =

√
2hKhπF

+
V PP (t,m2

K ,m
2
π,Λs,Λu,Λu) (19)

where hK , hπ- K, π-quark interaction constants calculated by (5).
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F±V PP (t,m2
K ,m

2
π,Λs,Λu,Λu)-loop integrals for triangle graph, describ-

ing V → PP transition:

F+
V PP (p2, k2

1, k
2
2,Λ1,Λ2,Λ3) = (20)

=
∆p2

16Λ2

∫ u∆

0

duub(− p2

4Λ2
)

√
1− u+ (

∆u

2
)2+

+
1

2

∫ ∫ ∫ 1

0

dα1dα2dα3δ(1− α1 − α2 − α3)×

×P · [(α1 − α2)(Λ1 − Λ2)(Λ2 − Λ3) + Λ3(Λ1 − Λ2)] + α1k
2
1 + α2k

2
2

α1Λ2
1 + α2Λ2

2 + α3Λ2
3

F−V PP (p2, k2
1, k

2
2,Λ1,Λ2,Λ3) = (21)

=
1

2

∫ ∞
0

dub(u) +
p2

8Λ2

∫ u∆

0

dub(− p2

4Λ2
)

√
1− u+ (

∆u

2
)2+

+
1

2

∫ ∫ ∫ 1

0

dα1dα2dα3δ(1− α1 − α2 − α3)×

×P · [(α1 + α2)(Λ1 − Λ3)(Λ2 − Λ3) + Λ3(Λ1 + Λ2 − Λ3)] + α1k
2
1 + α2k

2
2

α1Λ2
1 + α2Λ2

2 + α3Λ2
3

The following notations have been introduced:

Λ2 =
1

2
(Λ2

1 + Λ2
2) (22)

∆ =
Λ2

2 − Λ2
1

Λ2
1 + Λ2

2

u∆ =
2

1 +
√

1−∆2

P =
α1α2p

2 + α1α3k
2
1 + α2α3k

2
2

α1Λ2
1 + α2Λ2

2 + α3Λ2
3

For sequential account of the intermediate vector meson the contribution
the so-called chain approximation have been used for its propagator:

hVG
µν(p2) =

1

Π1(p2)− Π1(m2
V )
{−gµν +

pµpνΠ2(p2)

Π1(p2)− Π1(m2
V ) + p2Π2(p2)

}

(23)
where Π1,2(p2) are transverse and longitudinal parts of vector polarization
operator.
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So, after standard transformations, we obtain the following expressions
for F b

±(t):

F b
+(t) = −F b

+(t)
t

Π1(t)− Π1(m2
K∗)

FV V (t) (24)

F b
−(t) = F b

−(t)
m2
k +m2

π

Π1(t)− Π1(m2
K∗)

FV V (t)

FV V (t) is a loop integral, corresponding the transverse part of vector po-
larization operator.

The very simple relationship between F+(m2
K) and F−(m2

K) was es-
tablished by C.G. Callan and S.B.Treiman [13],V.Mattur, S.Okubo and
L.Pandit [14] by means of current algebra:

F+(m2
K) + F−(m2

K) = fk/fπ (25)

In QCM we can obtain analogous relationship without any additional with-
out any additional assumptions. So after calculating F+(t) and F−(t) with
t = m2

K , (m
2
π = 0), one obtains

F+(m2
K) + F−(m2

K) = 0.9fk/fπ (26)

i.e. QCM with 10% accuracy reproduces CTMOP relation. One have to
mention the cancelation of resonance graphs.

The vector form factor F+(t) deined in (17 ) represents the p-wave
projection of the crossed-channel matrix element 〈0|sγµu|Kπ〉 whereas the
s-wave projection is described by the scalar form factor [15]

F0(t) = F+(t) +
t

m2
K −m2

π

F−(t) (27)

It is convenient to normalize all the form factors to F+(0), so

f+,0(t) =
F+,0(t)

F+(0)
(28)

In the analysis of experimental data form factors usually parameterized in
the form [16]

f+,0(t) = 1 + λ′+,0
t

m2
π

+
1

2
λ′′+,0(

t

m2
π

)2 + . . . (29)
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Slope parameters can be calculated as follows:

λ′+,−,0 = m2
πf
′
+,−,0(0) (30)

For Ke3decays, recent measurements of the quadratic slope parameters of
the vector form factor (λ′, λ′′) from (refeq:tey ) are available from KTeV
[17], KLOE [18], ISTRA+ [19], and NA48 [20]. Calculated values for slope
parameters λ′ and averaged experimental data are displayed in table 1

Table 1.

λ′ QCM Experiment
λ′+ × 10−3 31 25.2± 0.9
λ′− × 10−3 3 0
λ′0 × 10−3 16.5 11.7± 1.4

4 K(p)→ γ∗γ∗ Transition

The amplitude of a transition

K → γ∗(q1)γ∗(q2) (31)

can be written in the general form compatible with gauge invariance as
[15]

Mµν = [gµν − qµ1 q
ν
1

q2
1

− qµ2 q
ν
2

q2
2

+
q1 · q2

q2
1q

2
2

qµ1 q
ν
2 ]m2

Kf1(q2
1, q

2
2) + (32)

+[qµ2 q
ν
1 − q1 · q2(

qµ1 q
ν
1

q2
1

+
qµ2 q

ν
2

q2
2

− q1 · q2

q2
1q

2
2

qµ1 q
ν
2 )f2(q2

1, q
2
2) +

+iεµνρσq1ρq2σf3(q2
1, q

2
2)

When one of the photons is on-shell (q2
1 = 0 for instance) Mµν is described

by two invariant amplitudes

Mµν = (qµ2 q
ν
1 − q1 · q2g

µν)f2(0, q2
2) + iεµνρσq1ρq2σf3(0, q2

2) (33)

The (33)remains valid for both photons on-shell.
The K0

L → γγ decay produces photons with perpendicular polarisation
(εµνρσF

µνF ρσ) and then only f3(0, 0) in (33)contributes to the width.Let
denote it as

f3(0, 0) = M(K0
L → γγ)
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Amplitude of the studied decay can be written in the form:

M(K0
L → γγ) =

GF

2
√

2
VudV

∗
us

6∑
i=1

ci[T
i
K0
Lγγ

+
∑

P=π,η,η′

T iKPDP (m2
K)gPγγ(m

2
K)]

(34)
The following notation has been adopted:

T iK0
Lγγ

=

∫
dydx1dx2dx3e

ip1x1+ip2x2+ip3x3〈0|T (Lemq (x1)Lemq (x2)LK(x3)Oi(y))|0〉
(35)

T iKP =

∫
dydx1dx2e

ip1x1+ip2x2〈0|T (LP (x1)LK(x2)Oi(y))|0〉 (36)

Lemq (x), LP (x) are defined by (13) and (1 ) correspondingly. We use the
chain approximation for propagator of pseudoscalar meson P DP (m2

K):

hPDP (p2) =
1

ΠP (p2)− ΠP (m2
P )
. (37)

where ΠP (p2)-mass operator of P .
gPγγ(m

2
K) -form factor of P → γγ decay:

gPγγ(x) =
1

Λ

√
3hP
9π

FPV V (
x

Λ2
)Tr{λPQ2} (38)

FPV V ( x
Λ2 ) is the loop integral (20) with p2 = x, q2

1 = q2
2 = 0,Λ1 = Λ2 =

Λu.
Analytical expressions for invariant amplitudes T i

K0
Lγγ

and T iKP ob-

tained in the QCM are given in the Table 2 and the numerical values
are shown in Table 3.

The table 3 shows that the dominant contribution is given by the weak
transitions of kaons into π, η and η′ mesons. This is consistent with [15].
It should also be noted that the amplitudes associated with the operator
O5,are strengthened in comparison with other.
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T Analytical expression

T 1
K0
Lγγ

−16
3

√
hK
6

α
3π2 ΠPA(m2

K ,Λu,Λs)FAV V (m2
K)√

hK
6

α
3π2 [Λ3

u+Λ3
s

2Λ2 · (FPV V I(m2
K ,Λs,Λs,Λs,Λu)+

T 5
K0
Lγγ

FPV V I(m
2
K ,Λs,Λs,Λs,Λu) + FPV IV (m2

K ,Λs,Λs,Λu,Λu))−
−Λs

4
3
ΠPA(m2

K ,Λu,Λs)FPV V (
m2
K

Λ2
u

)+

+ Λ2
s

Λu
4
27

ΠPP (m2
K ,Λu,Λs)FPV V (

m2
K

Λ2
u

)]

T 1
K0
Lπ

√
hπhK

2
/π2ΠPA(m2

K ,Λu,Λs)FP (
m2
K

Λ2
u

)m2
KΛu

√
Λ2
u + Λ2

s

T 5
K0
Lπ

√
Λ2
u+Λ2

s

π2
16
3

[ΠPP (m2
K ,Λu,Λs)ΠPP (m2

K ,Λu,Λu)
Λ2
u(Λ2

u+Λ2
s)

2
+

+FIPP (0,m2
K ,m

2
π,Λu,Λu,Λs)(Λ

3
u + Λ3

s)C
(1)
A ]

T 1
K0
Lη
′

√
hη′hK/π

2ΠPA(m2
K ,Λu,Λs)FP (

m2
K

Λ2
u

)m2
KΛu

√
Λ2
u+Λ2

s

2
cosϕ

T 2
K0
Lη
′

√
hη′hK/π

2m2
K

√
Λ2
u+Λ2

s

2
ΠPA(m2

K ,Λu,Λs)×
×[−6 cosϕΛuFP (

m2
K

Λ2
u

) + 4
√

2 sinϕΛsFP (
m2
K

Λ2
s

)]

T 3
K0
Lη
′

√
hη′hK/π

2m2
K

√
Λ2
u+Λ2

s

2
ΠPA(m2

K ,Λu,Λs)×
×[−6 cosϕΛuFP (

m2
K

Λ2
u

)− 6
√

2 sinϕΛsFP (
m2
K

Λ2
s

)]√
hη′hK

π2
16
3

[cosϕ(Λ2
u

Λ2
u+Λ2

s

2
ΠPP (m2

K ,Λu,Λs)×
×ΠPP (m2

K ,Λs,Λs)+

T 5
K0
Lη
′ +FIPP (0,m2

K ,m
2
η′ ,Λu,Λu,Λs)(Λ

3
u + Λ3

s)C
(1)
A )−

−
√

2 sinϕ(Λ2
s

Λ2
u+Λ2

s

2
ΠPP (m2

K ,Λu,Λs))FPP (
m2
K

Λ2
s

)+

+FIPP (0,m2
K ,m

2
η′ ,Λs,Λs,Λu)(Λ

3
u + Λ3

s)C
(1)
A )]

T 1
K0
Lη

−
√
hηhK/π

2ΠPA(m2
K ,Λu,Λs)FP (

m2
K

Λ2
u

)m2
KΛu

√
Λ2
u+Λ2

s

2
sinϕ

T 2
K0
Lη

√
hηhK/π

2m2
K

√
Λ2
u+Λ2

s

2
ΠPA(m2

K ,Λu,Λs)×
×[6 sinϕΛuFP (

m2
K

Λ2
u

) + 4
√

2 cosϕΛsFP (
m2
K

Λ2
s

)]

T 3
K0
Lη

√
hηhK/π

2m2
K

√
Λ2
u+Λ2

s

2
ΠPA(m2

K ,Λu,Λs)×
×[sinϕΛuFP (

m2
K

Λ2
u

)− 6
√

2 cosϕΛsFP (
m2
K

Λ2
s

)]

Table 2: Analytical expressions for invariant amplitudes
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T Analytical expression√
hηhK

π2
16
3

[sinϕ(Λ2
u

Λ2
u+Λ2

s

2
ΠPP (m2

K ,Λu,Λs)ΠPP (m2
K ,Λu,Λu)−

T 5
K0
Lη

−FIPP (0,m2
K ,m

2
η′ ,Λu,Λu,Λs)(Λ

3
u + Λ3

s)C
(1)
A )+

+
√

2 cosϕ(Λ2
s

Λ2
u+Λ2

s

2
ΠPP (m2

K ,Λu,Λs))ΠPP (m2
K ,Λs,Λs)−

−FIPP (0,m2
K ,m

2
η′ ,Λs,Λs,Λu)(Λ

3
u + Λ3

s)C
(1)
A )]

T 5
K0
sa0

√
hkha0

π2
16
3

(ΠPP (m2
K ,Λu,Λs)ΠIS(

m2
K

Λ2
u

)Λ2
u

Λ2
u+Λ2

s

2
+

+FSPP (m2
a0
, 0,m2

K ,Λu,Λs,Λu)(Λ
3
s − Λ3

u)C
(1)
a )

√
hkhσ
π2

16
3

[cos δS(ΠPP (m2
K ,Λu,Λs)ΠIS(m2

K ,Λu,Λu)Λ
2
u

Λ2
u+Λ2

s

2
+

T 5
K0
sσ

+FSPP (m2
σ, 0,m

2
K ,Λu,Λs,Λu)(Λ

3
s − Λ3

u)C
(1)
a )−

−
√

2 sin δS(ΠPP (m2
K ,Λu,Λs)ΠIS(m2

K ,Λs,Λs)Λ
2
s

Λ2
u+Λ2

s

2
+

+FSPP (m2
σ, 0,m

2
K ,Λs,Λu,Λs)(Λ

3
s − Λ3

u)C
(1)
a )]

√
hkhσ
π2

16
3

[sin δS(ΠPP (m2
K ,Λu,Λs)ΠIS(m2

K ,Λu,Λu))Λ
2
u

Λ2
u+Λ2

s

2
+

T 5
K0
sf0

+FSPP (m2
f0
, 0,m2

K ,Λu,Λs,Λu)(Λ
3
s − Λ3

u)C
(1)
a )−

+
√

2 cos δS(ΠPP (m2
K ,Λu,Λs)ΠIS(m2

K ,Λs,Λs)Λ
2
s

Λ2
u+Λ2

s

2
+

+FSPP (m2
f0
, 0,m2

K ,Λs,Λu,Λs)(Λ
3
s − Λ3

u)C
(1)
a )]

Table 2: Analytical expressions for invariant amplitudes (continue)

T Numerical value T Numerical value
T 1
K0
Lγγ

−1.06 · 10−5 GeV T 5
K0
Lγγ

−1.43 · 10−4 GeV

T 1
K0
Lπ

9.69 · 10−3GeV 4 T 5
K0
Lπ

2.1 · 10−1GeV 4

T 1
K0
Lη
′ 5.49 · 10−3GeV 4 T 2

K0
Lη
′ −6.6 · 10−2GeV 4

T 3
K0
Lη
′ 1.71 · 10−2GeV 4 T 1

K0
Lη

6.3 · 10−3GeV 4

T 2
K0
Lη

−2.04 · 10−2GeV 4 T 3
K0
Lη

9.15 · 10−2GeV 4

T 5
K0
Lη

4.07 · 10−1GeV 4 T 5
K0
sa0

0.22GeV 4

T 5
K0
sσ

0.36GeV 4 T 5
K0
sf0

0.22GeV 4

Table 3: Numerical values for invariant amplitudes

The photons K0
S → γγ decay have parallel polarisation (FµνF

µν),so its
amplitude is determined by f2(0, 0) from (33)and, up to one loop, there is
no short- distance contribution due to Furry’s theoreme . We denote

fs(0, 0) = M(K0
S → γγ)
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Matrix element of the studied decay can be written in the form:

M(K0
s → γγ) =

GF

2
√

2
VudV

∗
us · c5 ·

∑
S=a0,σ(600),f0(980)

T 5
KSDS(m2

K)gSγγ(m
2
K)

(39)
where gSγγ(m

2
K)-form factor of scalar radiative decay at m2

S = m2
K :

gsγγ
(
m2
s

)
= α

√
6hs(H)

1

Λ
Tr
{
Q2λs

} [
F 1
SV V

(
m2
s

)
+HF 2

SV V

(
m2
s

)]
(40)

F 1,2
SV V (m2

s) are defined in following way:

F 1
SV V

(
m2
s

)
=
x

4

∫ 1

0

dua
(
−ux

4

)
(1 + u) ln

(
1 +
√

1− u
1−
√

1− u

)
(41)

F 2
SV V

(
m2
s

)
=
x

4

∫ 1

0

dub
(
−ux

4

)
u ln

(
1 +
√

1− u
1−
√

1− u

)
(42)

Table 2 represents analytical expressions obtained in QCM for T 5
KS,while

the numerical value are displayed in Table 3.
The decay width of K0 → γγ decay is given by

Γ(K0 → γγ) =
m3
K

64π
|M((K0 → γγ)|2 (43)

Matrix elements M((K0 → γγ) is defined (34) and (39).Numerical value
of obtained in the QCM invariant amplitudes T i

K0
Lγγ

, T iKP and T 5
KS are

given in Tables 2,3. We use the set of coefficients ci (16) and numerical
values GF = 1.1664× 10−5GeV −2 for Fermi constant [11] ,|Vud| = 0.97425,
|Vus| = 0.2253 for CKM matrix elements [7].

Table 4 summarizes our values of branching ratios K0
L,S → γγ

Decay QCM Experiment[7]
K0
L → γγ 5.58× 10−4 (5.47± 0.04)× 10−4

K0
S → γγ 2.083× 10−6 (2.63± 0.17)× 10−6

Table 4: The values of branching ratios K0
L,S → γγ

The table shows that the obtained numerical values are in good agree-
ment with modern experimental data. It should be noted that intermediate
hadron states give the main contribution to the amplitude. We were able
to describe K0

S → γγ due to the correct account of the intermediate scalar
mesons.
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