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Abstract

We investigate the a0K
+
K

−-vertex in the framework of light cone QCD

sum rules. We estimate the coupling constant ga0K+K− which is an essential

ingredient in the analysis of physical processes involving a0(980) meson. Our

result is somewhat larger than the previous determinations of this coupling

constant.
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The structure of light scalar mesons f0(980) and a0(980) has been a controversial problem
in hadron spectroscopy. In the naive quark model qq [1], a0(980) can be interpreted as
a0 = (uu − dd)/

√
2. On the other hand, the strong coupling of f0(980) to kaons suggests

the structure f0 = ss for this state. However, then the almost exact degeneracy of the
masses of a0(980) and f0(980) cannot be explained. In order to explain the properties of
these states several proposals have been put forward over the years. A four quark q2q2 state
interpretation with symbolic quark structure f0 = ss(uu+dd)/

√
2 and a0 = ss(uu−dd)/

√
2

was proposed in the framework of MIT-bag model where the scalar meson states are spatially
compact [2]. Another possibility about the structure of a0(980) and f0(980) was suggested
where these meson states are considered to be bound states of hadrons. This possibility
is referred to as their being KK molecules in which case they are considered as spatially
extended objects [3]. Furthermore, some analyses suggest the qualitative picture that these
scalar meson states have a compact q2q2 structure that spends some part of its lifetime in
the KK meson system [4].

The radiative decays of φ(1020) meson φ → a0γ and φ → f0γ provide important tests
to distinguish among the different possibilities about the structure of a0(980) and f0(980)
scalar meson states [4,5]. It is generally agreed that the experimental data supports the
kaon loop mechanism for these decays in both the q2q2 state and KK molecule models
where these radiative decays proceed by photon emission from an intermediate K+K− loop
[5]. Moreover, the study of the reactions φ → π0π0γ and φ → π0ηγ and of the interference
patterns in these reactions have been used to develop arguments about the structure of
a0(980) and f0(980) states [6]. In the analyses involving a0(980) meson the strong coupling
constant ga0K+K− plays an important role.

In this work, we estimate the coupling constant ga0K+K− by employing light cone QCD
sum rules. This method has been applied to study hadronic properties and in particular it
has been used for the calculation of hadronic coupling constants [7].

In order to study the a0K
+K−-vertex and to estimate the coupling constant ga0K+K−

we consider the two-point correlation function

Tµ(p, q) = i
∫

d4xeip·x < K+(q)|T{jKµ (x)ja0(0)}|0 > (1)

with p and jKµ the four-momentum and the interpolating current for K− meson, ja0 the
interpolating current for a0 meson, and q the four-momentum ofK+ state. The interpolating
quark currents are the axial vector jKµ = uγµγ5s and the scalar ja0 = (uu − dd)/2 current.
The scalar current ja0 is assumed to have a non-vanishing matrix element between the
vacuum and a0(980) meson state, < a0 | ja0 | 0 >= λa0 , where λa0 is called the overlap
amplitude which was determined by QCD sum rules method [8], and this particular choice
for the current in terms of quark fields does not imply the pure (uu− dd)/

√
2 structure for

a0(980) meson.
The correlation function can be written in terms of two independent invariant functions

T1 and T2 as

Tµ(p, q) = iT1

(

(p+ q)2, p2
)

pµ + T2

(

(p+ q)2, p2
)

qµ . (2)

We consider the invariant function T1. In order to construct the theoretical part of the sum
rule for the coupling constant ga0K+K− we calculate the function T1 in terms of QCD degrees
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of freedom by evaluating the correlation function in the deep Euclidean region where p2 and
(p + q)2 are large and negative as an expansion near the light cone x2 = 0. This expansion
involves matrix elements of non-local composite operators between kaon and vacuum states
which defines kaon distribution amplitudes of increasing twist. We retain terms up to twist
four accuracy since higher twist amplitudes are known to make a small contribution [9]. In
our calculation we use the full light propagator with both perturbative and nonperturbative
contributions which is given as [10]

iS(x, 0) = < 0|T{q(x)q(0)}|0 >

= i
6 x

2π2x4
− < qq >

12
− x2

192
m2

0 < qq >

−igs
1

16π2

∫ 1

0
du

{

6 x
x2

σµνG
µν(ux)− 4iu

xµ

x2
Gµν(ux)γν

}

+ ... . (3)

After a straightforward computation and performing the Fourier transforms we obtain

T1

(

p2, (p+ q)2
)

=
fKM

2
K

2(6ms)

∫ 1

0
duϕσK(u)

2[p+ (1− u)q] · q
{[p+ (1− u)q]2}2

+
1

2

fKM
2
K

ms

∫ 1

0
duϕpK(u)

1

[p+ (1− u)q]2

+
f3K
2

∫ 1

0
dv
∫

Dαiϕ3K(αi)
M2

K

{[p+ (1− α1 − vα3)q]2}2
(2v − 1) . (4)

In this expression the functions ϕσK and ϕpK are the twist 3 quark-antiquark kaon distri-
bution amplitudes defined by the matrix elements [11]

< K(q)|u(x)iγ5s(0)|0 >= fKµK

∫ 1

0
dueiuq·xϕpK(u) , (5)

< K(q)|u(x)σµνγ5s(0)|0 >= i
fKµK

6

(

1− M2
K

µ2
K

)

(qµxν − xµqν)
∫ 1

0
dueiuq·xϕσK(u) , (6)

where µK = M2
K/ms is the twist 3 distribution amplitude normalization factor and we put

mu = md = 0. We work in the gauge xµAµ = 0, consequently the path-ordered gauge factor
is not included in the matrix elements. The twist 3 quark-antiquark-gluon kaon distribution
amplitude ϕ3K is defined as [11]

< K(q)|u(x)σαβgsGµν(vx)s(0)|0 > = if3K [(qµqαgνβ − qνqαgµβ)− (qµqβgνα − qνqβgµα)]

×
∫

Dαiϕ3K(αi)e
iuq·x(α1+vα3) (7)

where Dαi = dα1dα2dα3δ(1−α1−α2−α3). After performing the Borel transformation with
respect to the variables Q2

1 = −(p+ q)2 and Q2
2 = −p2, we obtain the theoretical expression

for the invariant function in the form

T1(M
2
1 , M2

2 ) =
fKM

2
KM

2

2ms

[−ϕpK(u0) +
1

6
ϕ′
σK(u0)]

+
f3KM

2
K

2

∫ u0

0
dα1

∫ 1−α1

u0−α1

dα3

α3

ϕ3K(α1, 1− α1 − α3, α3)
(

2
u0 − α1

α3

− 1
)

(8)
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where M2
1 and M2

2 are the Borel parameters and

u0 =
M2

1

M2
1 +M2

2

, M2 =
M2

1M
2
2

M2
1 +M2

2

.

We like to note that if we multiply the correlation function by the four-momentum p, we
obtain

pµTµ(p, q) = −
∫

d4xeip·x
[

< K+(q)|T{ ∂

∂xµ
jKµ (x)ja0(0)}|0 >

+δ(x0) < K+(q)|[jKν (x), ja0(0)]|0 >
]

, (9)

where the second term results from the differentiation of the function θ(x0) in the T-product
of the currents. In the SU(3)fl limit ∂µjKµ (x) = 0, thus the first term on the right hand side
of Eq. (9) vanishes. The second term can be calculated using the standard commutation
relations, yielding for the correlation function the Ward identity

pµTµ(p, q) = −ifKqν .

Similar Ward identities were considered in [11] where they were used to obtain relations
between various pion distribution amplitudes.

Two-point correlation function satisfies a dispersion relation, therefore we can represent
the invariant function as

T1

(

(p+ q)2, p2
)

=
∫ ∫

dsds′
ρhad(s, s′)

[s− (p + q)2)](s′ − p2)
. (10)

We saturate this dispersion relation by inserting a complete set of one hadron-states into the
correlation function and we consider the single-particle K and a0 states, this way we obtain

T1

(

(p+ q)2, p2
)

=
< 0 | jKµ | K(p) >< KK | a0 >< a0(p+ q)|ja0 | 0 >

[

(p+ q)2 −M2
a0

]

(p2 −M2
K)

+
∫

s0
ds
∫

s′
0

ds′
ρcont(s, s′)

[s− (p+ q)2](s′ − p2)
, (11)

where the hadronic spectral density includes the contributions of higher resonances and
the hadronic continuum. The matrix element < KK | a0 > defines the coupling constant
ga0K+K−

< K+(q)K−(p) | a0(p+ q) >= ga0K+K− (12)

and the current-particle matrix elements are given as

< a0(p+ q) | ja0 | 0 >= λa0 , (13)

< 0 | jKµ | K(p) >= ifKpµ . (14)
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After performing a similar double Borel transformation we obtain for the hadronic repre-
sentation the result

T1(M
2
1 ,M

2
2 ) = λa0fKga0K+K−e−M2

a0
/M2

1 e−M2
K
/M2

2

+
∫

s0
ds
∫

s′
0

ds′ ρcont(s, s′)e−s/M2
1 e−s′/M2

2 . (15)

The sum rule for the coupling constant ga0K+K− then follows by equating the expressions
T1(M

2
1 ,M

2
2 ) obtained for the invariant function T1((p + q)2, p2) by theoretical (Eq. 8) and

by physical (Eq. 15) considerations. In order to do this we have to identify the second
term in Eq. 15 representing the continuum contribution with a part of the term calculated
theoretically in QCD, thus affecting the subtraction of the continuum. The prescription that
has been suggested for this purpose [12,13] is based on the observation that the distribution
amplitudes ϕpK(u) and ϕσK(u) are polynomials in (1− u), therefore we can write

−ϕp(u) +
1

6
ϕ′
σ(u) =

N
∑

k=0

bk(1− u)k . (16)

The continuum subtraction is affected in the leading twist 3 quark-antiquark term, since the
contribution of the twist 3 quark-antiquark-gluon term in Eq. 8 is small, therefore finally
we obtain the sum rule for the coupling constant ga0K+K− in the form

ga0K+K− =
1

2λa0

eM
2
a0

/M2
1 eM

2
K
/M2

2







M2M2
K

ms

N
∑

k=0

bk

(

M2

M2
1

)k [

1− e−A
k
∑

i=0

Ai

i!
+ e−AM

2M2
K

M2
1M

2
2

A(k+1)

(k + 1)!

]

+
f3KM

2
K

fK

∫ u0

0
dα1

∫ 1−α1

u0−α1

dα3

α3

ϕ3K(α1, 1− α1 − α3, α3)
(

2
u0 − α1

α3

− 1
)

}

(17)

where A = s0/M
2 with s0 the smallest continuum threshold.

In the numerical evaluation of the sum rule we use the twist 3 kaon distribution ampli-
tudes given by [11]

ϕpK(u) = 1 +

(

30
f3K
µKfK

− 5

2

M2
K

µ2
K

)

C
1/2
2 (2u− 1)

+

[

−3
f3Kω3K

µKfK
− 27

20

M2
K

µ2
K

(1 + 6aK2 )

]

C
3/2
4 (2u− 1) (18)

ϕσK(u) = 6uu

{

1 +

[

5
f3K
µKfK

(1− 1

10
ω3K)−

7

20

M2
K

µ2
K

(1 +
12

7
aK2 )

]

C
3/2
2 (2u− 1)

}

(19)

ϕ3K(u) = 360α1α2α
2
3

[

1 +
ω3K

2
(7α3 − 3)

]

(20)

where Ck
m(2u − 1) are the Gegenbauer polynomials. The overlap amplitude λa0 has been

determined previously as λa0 = (0.21± 0.05) GeV 2 employing QCD sum rules method [8].
We also adopt the values at the renormalization scale 1 GeV ms(1GeV ) = 150 MeV , in
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SU(3)fl limit f3K(1GeV ) = f3π(1GeV ) = 0.0035 GeV 2, ω3K(1GeV ) = −2.88 and fK =
0.160 GeV [11] with MK = 0.4937 MeV .

We then study the dependence of the sum rule for the coupling constant ga0K+K− on the
continuum threshold s0 and on the Borel parametersM2

1 andM2
2 by considering independent

variations of these parameters. We find that the sum rule is quite stable for the range of
these parameters 1.00 ≤ s0 ≤ 1.10 GeV 2, 0.7 ≤ M2

1 ≤ 1.4 GeV 2 and 2 ≤ M2
2 ≤ 6.0 GeV 2.

By varying the values of the parameters s0, M
2
1 , and M2

2 in these regions we obtain the
result for the coupling constant ga0K+K− as 4.4 ≤ ga0K+K− ≤ 5.6 GeV . The variation of
the coupling constant as a function of the Borel parameters M2

1 and M2
2 , and the continuum

threshold s0 is shown in Fig. 1. We note that the sign that we obtain for the coupling
constant ga0K+K− is negative, that is ga0K+K− < 0.

There has been several previous estimations of the coupling constant ga0K+K−. The
Novosibirsk SND collaboration data of the radiative decay φ → π0ηγ [14] was analyzed
in a phenomenological framework in which the contributions of ρ meson, chiral loop and
a0 meson were considered, and the value ga0K+K− = (−1.5 ± 0.3) GeV was obtained for
this coupling constant [15]. The coupling constant thus obtained results in constructive
interference between the contribution of different amplitudes. From the analysis of their
experimental data of φ → π0ηγ decay, the KLOE collaboration estimated the coupling
constant ga0K+K− as ga0K+K− = (2.3±0.7) GeV [16]. A new analysis of the KLOE data on
φ → π0ηγ decay, on the other hand, gives the result ga0K+K− = (2.63+1.84

−1.28) GeV [17]. In this
analysis the phase δ of the interference between φ → a0γ → π0ηγ and φ → ρ0π0 → π0ηγ
amplitudes was obtained as δ = 0, which is in accordance with the constructive interference
of the different amplitudes observed in the phenomenological analysis of φ → π0ηγ decay
[14]. Our estimation of the coupling constant ga0K+K− using light cone QCD sum rules
results in a value somewhat larger than the previous determinations based on the analysis of
φ → π0ηγ data. However, because of the intrinsic uncertainties of the light cone QCD sum
rule method, our result can be taken only to indicate that the scalar a0 meson state may
have somewhat large strong coupling. Finally we note that the sign of the coupling constant
gf0K+K− was obtained as gf0K+K− > 0 in a previous light cone QCD sum rule determination
of this coupling constant [13], and in a phenomenological analysis of φ → π0π0γ decay [18].
Thus our result about ga0K+K− that is ga0K+K− < 0, is consistent with the result obtained
in the q2q2 model where gf0K+K− = −ga0K+K− [2,5,19].

It has been argued that the ratio R = BR(φ → f0γ)/BR(φ → a0γ) can provide insight
into the structure of the scalar a0(980) and f0(980) mesons [4]. The KLOE collaboration
obtained this ratio as [16]

R =
BR(φ → f0γ)

BR(φ → a0γ)
= 6.1± 0.6 . (21)

This ratio can be written, assuming the intermediate KK loop mechanism for these decays,
in the form [4]

R =
g2f0K+K−

g2a0K+K−

F 2
f0
(R)

F 2
a0(R)

cot2θ (22)

where the factors F 2
f0
(R) and F 2

a0
(R) are related to the spatial extensions of f0(980) and

a0(980) mesons, and for point-like effective field theory calculations F 2(R) = 1. For a
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spatially extended system with r.m.s. radius R > O(Λ−1
QCD) the high momentum region of

the integration is suppressed [4], resulting in the form factor with the property F 2(R) < 1,
conversely F 2(R) → 1 means a spatially compact system. The angle θ is the isospin mixing
angle in the f0 − a0 system. If we use the result 6.2 ≤ gf0K+K− ≤ 7.8 GeV obtained by
a light cone QCD sum rule calculation [13], and our result 4.4 <| gf0K2K− |< 5.6 GeV
obtained by a similar light cone QCD sum rule method calculation we obtain

cotθ
Ff0(R)

Fa0(R)
∼ 1.8 .

Since in light cone QCD sum rule calculations isospin is assumed to be exact, which corre-
sponds to θ = 45o, we thus find Ff0(R)/Fa0(R) ∼ 1.8 which seems to imply that the spatial
extensions of f0(980) and a0(980) mesons are not equal. Therefore, also given the relation
that we obtain about the relative sign between the coupling constants gf0K+K− and ga0K+K−

in accordance with q2q2 model, we may suggest that our result supports the view that the
structure of a0(980) and f0(980) mesons is a combination of a KK molecule with a compact
q2q2 core with the spatial extension of f0(980) being more compact than that of a0(980)
meson.

6



REFERENCES

[1] E. van Beveren, T. A. Rijken, K. Metzger, C. Dullemond, G. Rupp, and J. E. Ribeiro,
Z. Phys. C 30, 615 (1986).
N. A. Törnqvist and M. Ross, Phys. Rev. Lett.76, 1575 (1996)

[2] R. L. Jaffe, Phys. Rev. D 15, 267, 281 (1977).
R. L. Jaffe, Phys. Rev. D 17, 1444 (1978).

[3] J. Weinstein and N. Isgur, Phys. Rev. D 41, 2236 (1990).
[4] F. E. Close, N. Isgur, and S. Kumana, Nucl. Phys. B 389, 513 (1993).

F. E. Close and A. Kirk, Phys. Lett. B 489, 24 (2000).
[5] N. N. Achasov and V. N. Ivanchenko, Nucl. Phys. B 315, 465 (1989).
[6] N. N. Achasov and V. V. Gubin, Phys. Rev. D 63, 094007 (2001).
[7] P. Colangelo, A. Khodjamirian, in ”At the Frontiers of Particle Physics”, edited by M.

Shifman (World Scientific, Singapore, 20001), Vol. 3, (hep-ph/0010175).
[8] A. Gokalp, O. Yilmaz, Eur. Phys. J. C 22, 323 (2001).
[9] V. M. Braun, Planetary talk ”4th Int. Workshop on Progress in heavy Quark Physics”

(Rostock, Germany, 20-27 Sept. 1997), (hep-ph/9801222).
[10] V. M. Balyaev, V. M. Braun, A. Khodjamirian, R. Ruckl, Phys. Rev D 51, 6177 (1995).
[11] J. Bijnens and A. Khodjamirian, Eur. Phys. J. C 26, 67 (2002).
[12] A. Khodjamirian and R.Ruckl, to appear in ”Heavy Flavours, 2nd Edition”, edited by

A. J. Buras and M. Linder (World Scientific, Singapore), (hep-ph/9801443).
[13] P. Colangelo and F. D. Fazio, Phys. Lett.B 559, 49 (2003).
[14] M. N. Achasov et al., Phys. Lett. B 479, 53 (2000).
[15] A. Gokalp, A. Kucukarslan, S. Solmaz, and O. Yilmaz, J. Phys. G 28 2783 (2002); Err.

J. Phys. G 28,3021 (2002).
[16] A. Aloisio et al., KLOE Collaboration, Phys. Lett. B 536, 209 (2002).
[17] N. N. Achasov and A. V. Kiselev, Phys. Rev. D 68, 014006 (2003).
[18] A. Gokalp and O. Yilmaz, Phys. Rev. D 64, 053017 (2001).
[19] N. N. Achasov, S. A. Devyanin, and G. N. Shestakov, Phys. Lett. B 96, 168 (1980).

7



FIGURES

FIG. 1. The coupling constant ga0K+K− as a function of the Borel parameter M2
2 for different

values of the threshold parameter s0 and the Borel parameter M
2
1 . The curves denote the limits

of the stability region.
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