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Abstract. We present a calculation of the coupling constant of f0→ ργ and a0→ ργ decays from the point
of view of the light cone QCD sum rules. We estimate the coupling constants gf0ργ , which are an essen-
tial ingredient in the analysis of physical processes involving the isoscalar f0(980) and the isovector a0(980)
mesons.

PACS. 12.38.Lg; 13.40.Hq; 14.40.Aq

1 Introduction

To determine the fundamental parameters of hadrons from
experiment, some information about physics at large dis-
tances is required. As is known, at large distance physics
calculations cannot be done directly from the fundamental
QCD Lagrangian, because at large distance perturbation
theory cannot be applied. For this reason a reliable non-
perturbative approach is needed. The QCD sum rules [1]
haveproved tobeveryuseful to extract the low-lyinghadron
masses and coupling constants. Thismethod is a framework
whichconnectshadronicparameterswithQCDparameters.
It is based on a short-distance operator product expansion
(OPE) in the deep Euclidean region of the vacuum–vacuum
correlation function in terms of quark and gluon conden-
sates. Further progress has been achieved by an alterna-
tive method known as the QCD sum rule method on the
light cone [2–5]. The light cone QCD sum rule method has
also been used to analyze several hadronic properties and to
calculate hadronic coupling constants. The method of light
cone sum rules is a hybrid of the standard technique ofQCD
sum rules in the manner of Shifman, Vainshtein, and Za-
kharov (SVZ) [1] with the conventional distribution ampli-
tude description of the hard exclusive process [6, 7]. The ba-
sic idea of theSVZsumrules is tousevacuumcondensates to
parameterize the non-trivial QCD vacuum and employ the
duality hypothesis to relate the experimental observables to
the theoretical calculation. Technically, an operator prod-
uct expansionbased on the canonical dimension is used.The
difference betweenSVZ sumrules and light cone sumrules is
that the short-distanceWilsonOPEin increasingdimension
is replacedby a light cone expansion in terms of distribution
amplitudes of increasing twist.
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With increasing experimental information about the
different members of the meson spectrum it becomes very
important to develop a consistent understanding of the ob-
served mesons from a theoretical point of view. For the
low-lying pseudoscalar, vector, and tensor mesons this has
been done quite successfully within the framework of the
simple quark model assuming the mesons to be quark–
antiquark (qq̄) states grouped together into nonets. For the
scalar mesons, however, several questions still remain to be
answered, most of them related to the nature of the exper-
imentally observed mesons f0(980) and a0(980).
The light mesons have been the subject of continuous

interest in hadron spectroscopy. Although the structure of
these light mesons have not been unambiguously deter-
mined yet [8–10], the possibility may be suggested that
these nine scalar mesons below 1GeV may form a scalar
SU (3) flavor nonet [11]. In the naive quark model, we

have a0 = (uū−dd̄)/
√
2 and f0 = ss̄, while in the frame-

work of four-quarkmodels, the mesons f0(980) and a0(980)
could either be compact objects, i.e. nucleon-like bound
states of quarks with the symbolic quark structures f0 =

ss̄(uū+dd̄)/
√
2 and a0 = ss̄(uū−dd̄)/

√
2 [12–15], or spa-

tially extended objects, i.e. deuteron-like bound states
of hadrons; the f0(980) and a0(980) mesons are usually
taken asKK molecules [9, 16, 17]. The nature of the meson
f0(980) is particularly debated. One of the oldest sugges-
tions is the proposal that quark confinement could be ex-
plained through the existence of a state with vacuum quan-
tum numbers andmass close to the protonmass [18].While
considering the strong coupling to kaons, f0(980) could
be interpreted as an ss̄ state [19–23]. On the other hand,
it does not explain the mass degeneracy between f0(980)

and a0(980) interpreted as a (uū±dd̄)/
√
2 state. A four-

quark qqq̄q̄ state definition has also been offered [12, 13].
The identification of the f0 and of the other lightest scalar
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mesons with the Higgs nonet of a hidden U (3) symme-
try has also been proposed [24]. On the other hand, they
are relevant hadronic degrees of freedom, and therefore the
role they play in hadronic processes should also be studied
beside the questions of their nature. In this work, we calcu-
lated the coupling constant gf0ργ and ga0ργ by applying the
light cone sum rule, which provides an efficient and model-
independent method to study many hadronic observables,
such as decay constants and form factors, in terms of non-
perturbative contributions proportional to the quark and
gluon condensates [5]. On the other hand we are also cal-
culating the same coupling constants in the framework of
QCD sum rules.

2 The light cone sum rules calculation

We choose the interpolating current for the ρ and f0(a0)

mesons as jρ0µ =
1
2

(
ūγa
µ
ua− d̄γa

µ
da
)
, Jf0 =

1√
2

(
ūbub+ d̄bdb

)

sin θ+cos θss̄, and Ja0 =
1
2

(
ūbub− d̄bdb

)
[25] respectively.

The ρ-meson consists of u- and d-quarks, and the s-quark
does not contribute in this calculation. Jγν = eu(uγνu)+
ed(dγνd) is the electromagnetic current with eu and ed be-
ing the quark charges.
In order to derive the light cone QCD sum rule for

the coupling constants gf0ργ , we consider the following two
point correlation function:

Tµ(p, p
′) = i

∫
d4xeip

′·x
〈
0
∣
∣ T{jρµ(x)js(0)} |0

〉
γ
, (1)

where γ denotes the external electromagnetic field, and jρµ
and js and are the interpolating currents for the ρ meson
and f0(a0), respectively.
We therefore saturate the dispersion relation satisfied

by the vertex function Tµ by these lowest-lying meson
states in the vector and the scalar channels, and in this way
we obtain for the physical part at the phenomenological
level that (1) can be expressed by

Tµ(p, p
′) =

〈0 | jρν |ρ 〉 〈ρ(p
′) | S(p)〉γ 〈S | js |0 〉

(p′2−m2ρ)(p
2−m2s)

. (2)

In this calculation the full light quark propagator with
both perturbative and non-perturbative contribution is
used, and it is given as [26]

i Im(x, 0) = 〈0 | T {q̄(x)q(0)} |0 〉= i
� x

2π2x4
−
〈q̄q〉

12

−
x2

192
m20〈q̄q〉− igs

1

16π2

×

1∫

0

du

{
� x

x2
σµνG

µν(ux)−4iu
xµ

x2
Gµν(ux)γν

}
+ . . . ,

(3)

where the terms proportional to the light quarkmasses,mu
ormd, are neglected. After a straightforward computation

we have

Tµ(p, q) = 2i

∫
d4xeipxA(xρgµτ −xτgµρ)

×〈γ(q) | q̄(x)στρq(0) |0〉 , (4)

where A = i
2π2x4

. In order to evaluate the two point cor-

relation function further, we need the matrix elements
〈γ(q) | q̄(x)στρq(0) |0 〉. This matrix element can be ex-
panded in the light cone photon wave function [27, 28],

〈γ(q) | q̄σαβq |0 〉= ieq〈q̄q〉

×

1∫

0

dueiuqx
{
(εαqβ− εβqα)

[
χϕ(u)+x2 [g1(u)− g2(u)]

]

+[qx (εαxβ− εβxα)+ εx (xαqβ−xβqα)] g2(u)
}
, (5)

where eq is the corresponding quark charge, χ is the mag-
netic susceptibility, ϕ(u) is of leading twist two, and g1(u)
and g2(u) are the twist four photon wave functions. The
main difference between the traditional QCD sum rules
and the light cone QCD sum rules is the appearance of
these wave functions. Light cone QCD sum rules corres-
pond to summation of an infinite set of terms in the ex-
pansion of this matrix element on the traditional sum rules.
The price one pays for this is the appearance of a priori un-
known photon wave functions. After evaluating the Fourier
transform for the M1 structure and then performing the
double Borel transformation with respect to the variables
Q21 = −p

2 and Q22 =−p
′2, we finally obtain the following

sum rule for the coupling constant gf0ργ :

gf0ργ =
1
√
2

mρ〈ūu〉

λf0λρ
em
2
ρ/M

2
1 e
m2f0

/M22

×
{
−M2χφ(u0)E0(s0/M

2)+4g1(u0)
}
sin θ ,

(6)

and for ga0ργ :

ga0ργ =
1

6

mρ〈ūu〉

λa0λρ
em
2
ρ/M

2
1 em

2
a0
/M22

×
{
−M2χφ(u0)E0(s0/M

2)+4g1(u0)
}
, (7)

where the function

E0(s0/M
2) = 1− e−s0/M

2
(8)

is the factor used to subtract the continuum, s0 being the
continuum threshold, and

u0 =
M22

M21 +M
2
2

, M2 =
M21M

2
2

M21 +M
2
2

, (9)

where M21 and M
2
2 are the Borel parameters in the ρ and

f0(a0) channels.
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3 Numerical calculation

In our calculations we used the numerical values 〈ūu〉 =
−0.014GeV3, mf0 = 0.98GeV, ma0 = 0.98GeV, λf0 =
0.18± 0.02GeV2 [29], λa0 = 0.21± 0.05GeV

2 [30], mρ =
0.77 GeV. We note that neglecting the electron mass the
e+e− decay width of the ω meson is given as Γ (ρ→

e+e−) = 4πα2

3m3ρ
λ2ρ. Then using the value from the experi-

mental leptonic decay width of Γ (ρ→ e+e−) = 6.85±
0.11 keV for ρ [29, 31], we obtain the value λρ = 0.118±
0.001GeV2 for the overlap amplitude of the ρ meson. In
order to examine the dependence of gf0ργ and ga0ργ on
the Borel massesM21 andM

2
2 , we chooseM

2
1 =M

2
2 =M

2.
Since the Borel massM2 is an auxiliary parameter, and the
physical quantities should not depend on it, one must look
for the region where gf0ργ(ga0ργ) is practically independent
of M2. Firstly, we determined that this condition is sat-
isfied in the interval 1.4 GeV2 ≤M2 ≤ 2.4 GeV2 for gf0ργ .
The variation of the coupling constant gf0ργ as a function
of the Borel parameterM2 at different θ’s and a constant
value of the continuum threshold at s0 = 2.0 are shown
in Fig. 1. Examination of this figure shows that the sum
rule is rather stable with these reasonable variations of
M2. In the f0→ ργ decay, we then choose the middle value
M2 = 1.9 GeV2 for the Borel parameter in its interval of
variation and obtain the coupling constant of gf0ργ for var-
ious angles θ and where only the error arising from the
numerical analysis of the sum rule is considered.
We also use the numerical values mentioned above for

the magnetic susceptibility χ= 3.15 GeV−2 [32]. Using the
conformal invariance of QCD up to one loop order, the
photon wave functions can be expanded in terms of Gegen-
bauer polynomials, each term corresponding to contribu-
tions from operators of various conformal spins. Due to
conformal invariance of QCD up to one loop, each term
in this expansion is renormalized separately and the form
of these wave functions at a sufficiently high scale is well
known. In previous work, twist four photon wave functions

Fig. 1. The variation of the coupling constant gf0ργ as a func-

tion of the Borel parameterM2 at different θ and for a constant
value of the continuum threshold at s0 = 2.0

were used [27, 28]. Since they are not correct one should
use the new functions that have been calculated by Ball,
Braun and Kivel [32], and hence we have used the asymp-
totic forms of the photon wave function given by [32]

ϕ(u) = 6u(1−u) ,

g1(u) =−
a

16
−
h

8
, (10)

where a= 40u2(1−u)2 and h=−10(1−6u+6u2) [33]. We
will set M21 =M

2
2 = 2M

2 which sets u = u0 = 1/2. Note
that in this approximation, we only need the value of the
wave functions at a single point, namely at u0 = 1/2 and
hence the functional forms of the photon wave functions
are not relevant.
In Fig. 2, we also showed the dependence of the coup-

ling constant gf0ργ on the parameter M
2 at some differ-

ent values of the continuum threshold as s0 = 1.6, 1.8 and
2.0GeV2 at θ = 30◦. Since the Borel masses M21 and M

2
2

are the auxiliary parameters and the physical quantities
should not depend on them, one must look for the re-
gion where gf0ργ is practically independent ofM

2
1 andM

2
2 .

We determined that this condition is satisfied in the inter-
val 1.4 GeV2 ≤M21 ≤ 2.4 GeV

2. Choosing the middle value
GeV2 for the Borel parameter in this interval of varia-
tion we have the coupling constant of gf0ργ for different s0
values between gf0ργ = 2.85±0.34 and gf0ργ = 2.69±0.32
in the calculation of the light cone sum rules. In Fig. 3 is
given the dependence of the coupling constant ga0ργ on
the parameter M2 at some different values of the con-
tinuum threshold, s0 = 1.6, 1.8 and 2.0 GeV

2. We have the
interval of 1.4 GeV2 ≤M21 ≤ 2.0 GeV

2; then choosing the

middle value M2 = 1.7 GeV2 for the Borel parameter in
this interval of variation we have the coupling constant of
ga0ργ for different s0 values between ga0ργ = 1.18± 0.27
and ga0ργ = 1.22±0.28. The coupling constant ga0ργ was
calculated [29] as 2.0±0.50 and 1.30±0.30 by QCD sum
rules.

Fig. 2. The dependence of the coupling constant gf0ργ on

the parameter M2 at some different values of the continuum
threshold, s0 = 1.6, 1.8 and 2.0 GeV at θ = 30

◦
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Fig. 3. The dependence of the coupling constant ga0ργ on
the parameter M2 at some different values of the continuum
threshold, s0 = 1.6, 1.8 and 2.0 GeV

2

Fig. 4. Coupling constant gf0ωγ as a function ofM
2 and sin θ

It follows from Figs. 2 and 3 that for the choices be-
tween s0 = 1.6, 1.8 and 2.0GeV

2 the variations in the result
is about ∼ 10%, i.e., the coupling constant can be said to
be essentially independent of the continuum threshold s0.
Furthermore, the coupling constant seems to be insensitive
to variation of the Borel parameter M2. Here all possible
sources of uncertainties are taken into account, namely, er-
rors coming from a determination of λf0 , from variation
of the continuum threshold s0, Borel parametersM

2, and
errors in the values of the condensates. Along these lines,
we calculated the coupling constant gf0ργ = 2.85±0.57 and
ga0ργ = 1.22±0.36. The variation of the coupling constant
gf0ργ as a function of different values M

2 and θ are given
in Fig. 4. Examination of this figure points out that the
sum rule is rather stable with these reasonable variations

Fig. 5. Coupling constant ga0ργ as a function ofM
2 and s0

ofM2. In Fig. 5 the relation between the different values of
M2 and s0 is given for the variation of the coupling con-
stant ga0ργ .

4 Conclusions

In this study we calculated the coupling constants gf0ργ
in the framework of light cone sum rules where the u-
and d-quark contributions are considered. Generally, even
the light cone sum rule works much better for heavy
quarks but it can also give good results for light quarks
in some calculations. We applied the LCSR method by
using the most correct wave functions. In spite of lack-
ing experimental data on gf0ργ , we found estimated values
for the coupling constant gf0ργ and ga0ργ in the light cone
sum rules. The results depend on the mixing angle θ and
the s0 parameter for gf0ργ . If we choose the current as
Jf0 =

1
2

(
ūbub+ d̄bdb

)
, one then has to change (6) so in that

case we get gf0ργ = 2.76±0.79.
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