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We calculate the coupling constants gSV γ , where S and V denote scalar,
a0(980) and f0(980), mesons and vector, ρ and ω, mesons in QCD sum rules.
A comparison of our estimates on the coupling constants with the results
existing in the literature is also presented.
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1. Introduction

It is important to study the light scalar mesons f0(980) and a0(980)
in hadron physics. For isoscalar f0(980) and isovector a0(980), the nature
and the quark substructure have been a subject of discussion. Besides the
questions of their nature and their properties, the roles of scalar mesons in
the hadronic processes are interesting and popular subject. The radiative
decay V → PP ′γ with V = φ, ω, ρ and P = π0, η,K0 have been studied to
derive relevant information on the properties of the scalar mesons, f0(980),
a0(980) and σ. Especially, the decays φ → π0π0γ, φ → π0ηγ, φ → K0K

0
γ

and ρ → π0π0γ are valuable processes for these scalar mesons, while the
decays ω → π0π0γ, ω → π0ηγ and ρ→ π0ηγ cannot be considered because
their scalar meson contributions are too small [1]. Nevertheless, in order to
recognize to the scalar mesons, f0(980) and a0(980), we can also investigate
the radiative decays involving the scalar mesons, such as, f0 → ωγ, f0 →
ργ, a0 → ωγ and a0 → ργ in different theoretical methods. Although an
experimental analysis of the reactions f0 → ωγ, ργ and a0 → ωγ, ργ has been
analyzed at WASA at COSY [2], we have not more definite experimental data
for these decays recently. However, an experimental data are important that
they will include the source of information to the solution of the scalar meson
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puzzle. On the theoretical side, we can find different predictions for these
decays in [3–6]. Let us back to our main problem which is analyzed the
transition constants of the S → V γ decays.

The coupling constants gSV γ were already studied in the literature
[7–11]. For the coupling constants ga0ωγ and ga0ργ , the results given in
Ref. [7] were ga0ωγ = 0.75± 0.20 and ga0ργ = 2.00± 0.50, and also ga0ωγ =
0.45±0.10 and ga0ργ = 1.30±0.30. In addition, the coupling constant gf0ργ
was analyzed and found the values in different intervals as 1.99 ± 0.56 ≤|
gf0ργ |≤ 3.86 ± 0.97 and 1.97 ± 0.57 ≤| gf0ργ |≤ 1.87 ± 0.54 [10]. And, the
coupling constant ga0ργ was calculated as 0.82± 0.34 ≤| ga0ργ |≤ 0.85± 0.36
and 1.97±0.57 ≤| ga0ργ |≤ 0.85±0.36 in [11]. Here, differences in the results
came from values of some parameters including the methods.

The aim of this work is to calculate the coupling constants gSV γ in QCD
sum rules which was suggested by Shifman, Vainstain and Zakharov [12].
This method has been one of the most effective tools to study low energy
properties of hadrons. Furthermore, we also investigate the S → V γ decays
with V = ρ and ω and S = f0 and a0 using the obtained values of the
coupling constants.

2. Formalism

In order to calculate the radiative S → V γ transition constants in the
framework of the QCD sum rules, we start with the following correlator∏

αβ

(
p, p′

)
=

∫
d4x d4yeip.ye−ip

′ x
〈
0
T {Jγα(0)JVβ (x)JS(y)

} 0
〉
. (1)

Here, JVβ and JS are the quark currents that create the vector mesons, V = ω
and ρ and scalar mesons S = a0 and f0, respectively

Ja0 = (1/2)
(
uu− dd

)
,

Jf0 = (1/
√
2)
(
uu+ dd

)
,

Jωα = (1/2)
(
uγαu+ dγαd

)
,

Jρα = (1/2)
(
uγαu − dγαd

)
, (2)

and Jγα = (euuγαu+ eddγαd) is the electromagnetic current.
In order to calculate the coupling constants gSV γ , we use the relevant

Feynman diagrams shown in Fig. 1. The diagram in Fig. 1 (d) gives a
new contribution which was not considered in the similar calculation of the
coupling constant so far. Hence, we use the definition of the term as∫

d4z eiqz
〈
0
T {Jµel.(z)q(x)σαβq(0)} 0

〉
= ieq〈qq〉(gµαqβ − gµβqα)χ+O(x) . (3)
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We obtain also the following expression from Eq. (1)∏
µα

= −iχNceq 〈qq〉
1

p2
(pαqµ − gµαp q) , (4)

where χ is the magnetic susceptibility of the quark condensate. When apply-
ing double Borel transformations, the term in Eq. (4) goes to zero. There-
fore, to find the contribution which is from Fig. 1 (d), we follow the refer-
ences [13, 14]. The expression in Eq. (3) is converted into an expression on
the Light Cone as in [13, 14]∫

d4z eiqz
〈
0|T{Jµel.(z)q(x)σαβq(0)}|0

〉
= ieq〈qq〉

∫
dueiuqx{(gµαqβ − gβµqα)[χϕγ(u) + . . .]} , (5)

where eq is the quark charge, the function ϕγ(u) is the leading twist-2 photon
wave function. Hence, using this form of equation, we obtain the contribu-
tion part including the magnetic susceptibility as follows

Aχ = ieqχ 〈qq〉ϕγ(u0)M2
(
1− e−s0/M2

)
, (6)

where the term (1− e−
s0
M2 ) is the function used to subtract the continuum,

s0 is the continuum threshold, and

u0 =
M2

2

M2
1 +M2

2

, M2 =
M2

1M
2
2

M2
1 +M2

2

. (7)

Here, M2
1 and M2

2 are the Borel parameters in the vector mesons V ,
ρ and ω, and scalar mesons, a0 and f0, respectively. We will set M2

1 =
M2

2 = 2M2 because the masses of the vector mesons and the scalar mesons
which are analysed in this paper, are very close to each other. Thus, we
obviously get that U0 = 1/2.

We now add the ideas discussed above to calculate the coupling constant
gSV γ . To begin with, consider the phenomenological part of the sum rule.
We introduce the overlap amplitude of the vector mesons and the scalar
mesons 〈

V
(
p′
)JVβ  0

〉
= λV Uβ ,

〈0 |JS |S(p)〉 = λS , (8)

where Uβ is the polarization vector of the vector meson. The physical part
of the correlation function is given by

∏
αβ

(
p, p′

)
=
〈0 |JS |S(p)〉

〈
S(p)|Jαγ |V (p′)

〉 〈
V (p′)|JVβ |0

〉
(
p2 −m2

S

) (
p′2 −m2

V

) + . . . (9)
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Fig. 1. Feynman diagrams for the SV γ vertex.

The dots denote the contributions from the higher states and the contin-
uum. Substituting Eq. (8) into Eq. (9), we arrive at the expression for the
phenomenological part of the sum rules as∏phen.

αβ
= −i e

MV
gSV γ

λSλV Uβ(
p2 −m2

S

) (
p′2 −m2

S

)(p qUα − U qpα) (10)

with p′ = p+q. The gSV γ coupling constants are defined through the relation〈
S(p) |Jγα |V (p′)

〉
= −i e

MV
gSV γK

(
q2
)
(p qUα − U qpα) , (11)

where K(q2) is the form factor with K(0) = 1.
Let us now turn to the theoretical part. Thus, we consider the per-

turbative contribution and the power corrections from operators of differ-
ent dimensions to the correlator. First, we consider the perturbative part.
Its contribution is given by one diagram of the lowest-order bare loop in
Fig. 1 (a). Next, the power corrections from the operators which are pro-
portional to vacuum condensate are considered. We restrict ourselves to the
operators of dimensions d = 3 and d = 5 only since we work in the limit of
mq = 0 and in this limit only operators of these dimensions make contribu-
tions. The contribution of the power corrections from operators of different
dimensions are given by one diagram of the dimension d = 3 in Fig. 1 (b)
and three diagrams of the dimension d = 5 in Fig. 1 (c). The explicit calcu-
lation of the expression corresponding to Fig. 3 (left) gives zero in the limit
mq = 0.



Radiative S → V γ Vertex in QCD Sum Rules 1325

The expression of the coupling constants gf0V γ and ga0V γ in QCD sum
rules are obtained by equating the theoretical and the phenomenological
part of the correlator then, the double Borel transformations of the variables
Q2 = −p2 and Q′2 = −p′2 on both sides. Finally, we obtain the following
expressions for the coupling constants, gSV γ ,

gf0V γe
−

m2
f0

M2
1 e
−m2

V
M2

2 =
1

2
√
2
{g}

[
Aχ + 3 +m2

0

[
3

8M2
1

+
5

8M2
2

]]
, (12)

ga0V γe
−

m2
a0

M2
1 e
−m2

V
M2

2 = {g}
[
Aχ +

3

4
+m2

0

[
3

32M2
1

+
5

32M2
2

]]
. (13)

where {g} = mV
λSλV

(eu∓ ed)〈qq〉 is the term including overlap amplitude and

quark charges, and [Aχ = −ϕγ(u0)χM2(1−e−
s0
M2 )] is the term coming from

the definition of the magnetic susceptibility.
In order to analyze the obtained sum rule, we consider two models,

Model I and Model II. The contributions coming from the Feynman dia-
grams shown in Fig. 1 (a), (b) and (c) are considered in Model I, and Model
II is constructed by adding the contribution coming from the Feynman dia-
gram in Fig. 1 (d) to Model I.

3. Results

Using the following numerical values for the various parameters, we ob-
tain the values of the coupling constants. For the parameters the follow-
ing values are taken: m2

0 = (0.8 ± 0.02) GeV2, 〈uu〉 = 〈dd〉 = (−0.014 ±
0.002) GeV3 [15], mf0 = 0.98 GeV, ma0 = 0.98 GeV, mω = 0.78 GeV and
mρ = 0.77 GeV. We use the overlap amplitude for the scalar mesons, f0 and
a0, and the vector mesons ω and ρ as λf0 = (0.18± 0.015) GeV2 [16], λa0 =
(0.21±0.05) GeV2 [7], λρ = (0.17±0.01) GeV2, λω = (0.16±0.01) GeV2 [17].
Furthermore, we analyze the dependence of the sum rule for the coupling
constants, gSV γ , on independent variations of the continuum threshold S0
and the Borel parameters M2

1 and M2
2 . For the vector channel, the limits

M2
1 = 1.2 GeV2 and 1.0 GeV2 ≤ M2

2 ≤ 1.4 GeV2 determine the allowed
interval [18]. In Fig. 2 and Fig. 3, we present the coupling constants gf0ωγ ,
gf0ργ , ga0ωγ and ga0ργ as a function of the Borel parameter M2

2 for different
values of M2

1 . From the graphs in Fig. 2 and Fig. 3, we see that the varia-
tions of the coupling constants gSV γ as a function of the Borel parameters
M2

1 for different values ofM2
2 are quite steady. Hence, the determined values

for the coupling constants, gSV γ , in Model I are

gf0ωγ = 0.81± 0.14 , ga0ωγ = 1.48± 0.36 ,

gf0ργ = 2.23± 0.40 , ga0ργ = 0.45± 0.14 , (14)
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where errors come from the values of the overlap amplitudes λf0 , λa0 , λω
and λρ and the values of vacuum condensates and the Borel parameters.
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Fig. 2. The coupling constants ga0ωγ and ga0ργ as a function of the Borel parameter
M2

2 for different values of M2
1 .
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Fig. 3. The coupling constants gf0ωγ and gf0ργ as a function of the Borel parameter
M2

2 for different values of M2
1 .

Model II includes the term which has a parameter called the magnetic
susceptibility of the quark condensate, χ, and for which we use the value
χ = (−3.15±0.10)GeV2 [19]. In Fig. 4 and Fig. 5, we present the dependence
of the coupling constants, gSV γ , on the Borel parameters M2

1 = 1 GeV2 at
the values of the continuum threshold s0 = 2.0, 2.2 and 2.4 GeV2. These
graphs show that the sum rule is quite stable with the variations of M2.
Then, we obtain the coupling constants gSV γ in Model II as

gf0ωγ = 1.31± 0.25 , ga0ωγ = 2.39± 0.54 ,

gf0ργ = 3.61± 0.72 , ga0ργ = 0.72± 0.21 , (15)
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where, in addition to previous uncertainty, errors come from the variation of
the continuum threshold and the magnetic susceptibility of the quark con-
densate. These values are different than the previous values of the coupling
constants, gSV γ . These differences can arise from the term including the
parameter χ whose contribution is dominant in Model II.
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Fig. 4. The dependence of the coupling constants ga0ωγ and ga0ργ on the Borel
parameter M2 for the values of the continuum threshold parameter s0 = 2 GeV2,
s0 = 2.2 GeV2 and s0 = 2.4 GeV2.
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Fig. 5. The dependence of the coupling constants gf0ωγ and gf0ργ on the Borel
parameter M2 for the values of the continuum threshold parameter s0 = 2 GeV2,
s0 = 2.2 GeV2 and s0 = 2.4 GeV2.

In Tables I and II, we present the other obtained values for the coupling
constants, gSV γ , and what we have obtained in this work. The results shown
in these tables indicate that the values obtained in the present work are
compatible with the other studies in the literature.
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TABLE I

The obtained values of the coupling constants gf0V γ in Model I and Model II, and
the values in the literature.

Ref. gf0ωγ

[9] (0.68∓ 0.02)–(1.25∓ 0.02)
[9] (0.78∓ 0.02)–(1.30∓ 0.02)
[9] (0.69∓ 0.02)–(0.71∓ 0.02)

Model I 0.81∓ 0.14
Model II 1.31∓ 0.25

Ref. gf0ργ

[10] (1.99∓ 0.56)–(3.86∓ 0.97)
[10] (1.97∓ 0.57)–(1.87∓ 0.54)
[11] (1.75∓ 0.53)–(1.12∓ 0.34)

Model I 2.23∓ 0.40
Model II 3.61∓ 0.72

TABLE II

The obtained values of the coupling constants ga0Vγ in Model I and Model II.
Comparison of different predictions and present work.

Ref. ga0ωγ

[7] 0.75∓ 0.20
[7] 0.45∓ 0.10
[8] 2.57∓ 0.21

Model I 1.48∓ 0.36
Model II 2.39∓ 0.54

Ref. ga0ργ

[7] 2.0∓ 0.50
[7] 1.30∓ 0.30
[11] (0.96∓ 0.44)–(0.85∓ 0.38)
[10] (0.82∓ 0.34)–(0.85∓ 0.36)
[10] (1.97∓ 0.57)–(0.85∓ 0.36)

Model I 0.45∓ 0.14
Model II 0.72∓ 0.21

In Tables I and II, the values of the coupling constants, gf0ωγ [9], gf0ργ [11],
ga0ωγ [7] and ga0ργ [7, 11] were obtained with the Feynman diagrams which
we used in Model I. We can see from the tables that the results of the
coupling constants are different from our obtained values. These differ-
ences come from the different sign in the equation obtained for the coupling
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constants, and also, from the different values of the some input parame-
ters which are used in calculation. We can use the obtained results of the
coupling constants for analyzing the radiative decays of scalar mesons into
vector mesons, S → V γ. Thus, we get some values of the decay widths of
the decays S → V γ, to compare with other analysis. Anyway, the radiative
decays involving the scalar mesons were studied in [3, 5, 6, 20–22]. Hence,
we can study a vector meson dominance model for the decay amplitudes of
the types S → V γ, where S and V denote the scalar and vector mesons
considering the tree-level diagrams for the process. In order to compute the
amplitude for S → V γ decay, we describe the SV γ-vertex by the effective
Lagrangian as [23]

LSV γ =
e

Mv
gSV γ∂

αV β(∂αAβ − ∂βAα)S , (16)

where V denotes the vector meson, ω and ρ, field, A is a photon field, S is
a scalar meson, a0 and f0, field. From this Lagrangian, we can derive the
corresponding partial width as follows

Γ (S → V γ) =
α

24
g2SV γ

(
M2
S −M2

V

)3
M5
S

, (17)

where gSV γ are the coupling constants for the decays S → V γ. Using this
expression, we would like to find the decay width of the S → V γ decay,
for which we use the values of the coupling constants, gSV γ obtained in the
present work. Therefore, we have the following results for Model I

Γ (f0 → ωγ) = 10.07± 4 keV ,

Γ (f0 → ργ) = 86.70± 14 keV ,

Γ (a0 → ωγ) = 33.65± 6.3 keV ,

Γ (a0 → ργ) = 3.53± 1.0 keV , (18)

and for Model II

Γ (f0 → ωγ) = 25.18± 5.4 keV ,

Γ (f0 → ργ) = 217.63± 30 keV ,

Γ (a0 → ωγ) = 83.82± 13 keV ,

Γ (a0 → ργ) = 8.65± 3.17 keV . (19)

There is a wide hierarchy between Γ (f0 → ωγ), and Γ (f0 → ργ) and be-
tween Γ (a0 → ωγ) and Γ (a0 → ργ). Let us compare our predictions on
partial widths of the S → V γ decays with the existing theoretical results
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and experimental values in the literature. Hence, an experimental measure-
ment of these resonances would be very valuable to analyze these decays
and the theoretical models are improved. Experimental data about these
processes have not been found yet, therefore, we list all theoretical results
in Table III. We can see that there is a large dispersion among the different
theoretical models, and to solve the differences, studying of these radiative
decays is very important and interesting to the theoretical models.

TABLE III

Comparison of the QCD sum rule prediction for the decay width of S → V γ decays
with other approaches. The unit is in keV.

Ref. f0 → ωγ f0 → ργ a0 → ωγ a0 → ργ

[3] [I] 126± 20 19± 5 641± 87 3± 1
[3] [II] 88± 17 3.3± 2 641± 87 3± 1
[5] 14.1+21.5

−7.8 24.1+21.5
−11.6 11.6+5.2

−0.8 12.4+5.5
−0.8

[6] 59.67 81.43 114.7 8.47
[20] 3.4 3.4 3.4 3.4
[21] [Est. I] 59.4 50.8 34.9 36.4
[21] [Est. II] 31.7 3.8 44.6 46.6
[21] [Est. III] 63.4 66.4 44.6 46.6
[22] 4.3± 1.3 4.2± 1.1 31± 13 11± 4
This work Model I 10.07± 4 86± 14 33.65± 6.3 3.53± 1
This work Model II 25.96± 5.4 198± 30 86.29± 13 9.03± 3.17

The scalar mesons, f0(980) and a0(980), have an experimental decay
width as Γf0 = (40±100) MeV and Γa0 = (50±100) MeV, respectively [24].
Using the experimental values of the decay width of the f0 and a0 mesons
we can determine some values for the branching ratio of the decay S → V P .
Calculated values of the branching ratios of the decays are shown in Tables
IV and V.

In conclusion, we analyzed the coupling constants gSV γ of the S → V γ
transition by employing the QCD sum rules and we propose that it should be
add a term including magnetic susceptibility, when these coupling constants
are studied. The obtained values for the coupling constants gSV γ are given
in Table I and Table II with the relative errors. Our results are generally
in agreement with the other predictions. The obtained values will not be
compared with the experimental data at present. We expect that it could
be done in the near future.
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TABLE IV

The branching ratios of the decays S → V γ for the values of the decay widths
Γ (f0 → ωγ) = 10.7 keV Γ (f0 → ργ) = 86.70 keV, Γ (a0 → ωγ) = 33.65 keV and
Γ (a0 → ργ) = 3.53 keV in Model I.

Γ tot
f0

[MeV] Br(f0 → ωγ) Γ tot
f0

[MeV] Br(f0 → ργ)

40 2.51× 10−4 40 2.16× 10−3

50 2.01× 10−4 50 1.73× 10−3

60 1.67× 10−4 60 1.44× 10−3

70 1.43× 10−4 70 1.23× 10−3

80 1.25× 10−4 80 1.08× 10−3

90 1.11× 10−4 90 9.63× 10−4

100 1.00× 10−4 100 8.67× 10−4

Γ tot
a0 [MeV] Br(a0 → ωγ) Γ tot

a0 [MeV] Br(a0 → ργ)

50 6.73× 10−4 50 7.06× 10−5

60 5.60× 10−4 60 5.88× 10−5

70 4.80× 10−4 70 5.04× 10−5

80 4.20× 10−4 80 4.41× 10−5

90 3.73× 10−4 90 3.92× 10−5

100 3.36× 10−4 100 3.53× 10−5

TABLE V

The branching ratios of the decays S → V γ for the values of the decay widths
Γ (f0 → ωγ) = 25.18 keV Γ (f0 → ργ) = 217 keV, Γ (a0 → ωγ) = 83.82 keV and
Γ (a0 → ργ) = 8.65 keV in Model II.

Γ tot
f0

[MeV] Br(f0 → ωγ) Γ tot
f0

[MeV] Br(f0 → ργ)

40 6.29× 10−4 40 4.75× 10−3

50 5.03× 10−4 50 3.96× 10−3

60 4.19× 10−4 60 3.30× 10−3

70 3.59× 10−4 70 2.82× 10−3

80 3.14× 10−4 80 2.47× 10−3

90 2.79× 10−4 90 2.20× 10−3

100 2.51× 10−4 100 1.98× 10−3

Γ tot
a0 [MeV] Br(a0 → ωγ) Γ tot

a0 [MeV] Br(a0 → ργ)

50 1.67× 10−3 50 1.80× 10−4

60 1.39× 10−3 60 1.50× 10−4

70 1.19× 10−3 70 1.29× 10−4

80 1.04× 10−3 80 1.12× 10−4

90 9.31× 10−4 90 1.00× 10−4

100 8.38× 10−4 100 9.03× 10−5
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