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We calculate the coupling constants gsy -, where S and V' denote scalar,
a(980) and f,(980), mesons and vector, p and w, 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 fp(980) and a(980)
in hadron physics. For isoscalar fp(980) and isovector ag(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’y with V = ¢, w, p and P = 7%, 7, K" have been studied to
derive relevant information on the properties of the scalar mesons, f;(980),
a0(980) and o. Especially, the decays ¢ — 7970, ¢ — 7%y, ¢ — KOFO’Y
and p — 779y are valuable processes for these scalar mesons, while the
decays w — 7%, w — 79y and p — 7%y cannot be considered because
their scalar meson contributions are too small [1|. Nevertheless, in order to
recognize to the scalar mesons, f,(980) and ag(980), we can also investigate
the radiative decays involving the scalar mesons, such as, fo — w7, fo —
Y, ag — wy and ag — py in different theoretical methods. Although an
experimental analysis of the reactions fy — w7, py and ag — w, py 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'~ decays.

The coupling constants gsy, were already studied in the literature
[7=11]. For the coupling constants gaywy and gagpy, the results given in
Ref. 7] were gagwy = 0.75 £ 0.20 and g4,y = 2.00 £ 0.50, and also gagwy =
0.4540.10 and gq4ypy = 1.30£0.30. In addition, the coupling constant gy,
was analyzed and found the values in different intervals as 1.99 + 0.56 <|
Gfopy |< 3.86 +0.97 and 1.97 + 0.57 <| gf,py |< 1.87 + 0.54 [10]. And, the
coupling constant g,y was calculated as 0.82£0.34 <| gqpy |< 0.8540.36
and 1.97£0.57 <| gaopy |< 0.8540.36 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 ggy - 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' decays
with V' = p and w and S = fy and ag using the obtained values of the
coupling constants.

2. Formalism

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

IL,, @) = / d'e dtyeVe™ ' (0 [T {J30)J5 () Is(y)} ] 0). (1)
Here, J g and Jg are the quark currents that create the vector mesons, V = w
and p and scalar mesons S = ag and fy, respectively

Jag = (1/2) (wu — dd) ,

Ji, = (1/V2) (au +dd) ,

T = (1/2) (@yau + dyad)

JE = (1/2) (Uvau — E’yad) , (2)

and J) = (eqUyqu + eda'yad) is the electromagnetic current.

In order to calculate the coupling constants gsy., 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

[tz 0|7 {2 (2ate)asal0)} | 0)

= i€q(qq)(9uadp — guBQa)X +O(z). (3)
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We obtain also the following expression from Eq. (1)

, 1
HW = —ixNeeq (7q) p(paqu ~ Gualq) , (4)

where x 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 Wthh 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]

/ 0t ¢ (0[T{T (2)2(x)ompa(0)}]0)

= ieq(qq) / due™ ™ {(guaqs — gauda) xipy(u) + .. I}, (5)

where e, is the quark charge, the function ¢, (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

Ay = iegx (@q) oo (uo) M? (1 - e‘SO/MZ) : (6)

s . , .
where the term (1 — e™ M?) is the function used to subtract the continuum,
sg is the continuum threshold, and

M3 2 MPM3

=172 7
M+ M3’ M} + My @)

ug =

Here, M12 and M22 are the Borel parameters in the vector mesons V,
p and w, and scalar mesons, ag and fy, respectively. We will set M12 =
M2 = 2M? 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 Uy = 1/2.

We now add the ideas discussed above to calculate the coupling constant
gsv~. 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() |75 [ 0) = WU,
(01Js| S(p)) = As, (8)
where Upg is the polarization vector of the vector meson. The physical part
of the correlation function is given by

1L, .2 =

(01| S)) () I51V (') (V (P |J6V|o>

(2 —m3) (02 —mi)

(9)
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Fig.1. Feynman diagrams for the SV~ 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. . € AsAvUg
H = =1 gSV’Y(

Us — U qpa 10
as My 2)(pq qpa)  (10)

p* —mg) (p* —mi

with p’ = p+¢. The ggy~ coupling constants are defined through the relation
e
(S@) NV (P)) = ~igp-gsva K (¢°) (PqUa — U gpa) (11)

where K (q?) 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
mg = 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
mg = 0.
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The expression of the coupling constants gy, and g, 1y 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
Q? = —p? and Q> = —p'? on both sides. Finally, we obtain the following
expressions for the coupling constants, gsy-,

2 2
Mfy _my

- 2 2 3 5
gfov~€ Mf o My _— 2\[{9} |:A +3+m0 |:8]\412+8]\422:|:| ; (12)

O It a1 | R

Y]
Jagvy€ 1 € 2

where {g} = ¥ (ew F €a)(qq) is the term including overlap amplitude and

quark charges, and [4, = —¢, (ug)xM?*(1 — e Mz )] 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 1.

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: m3 = (0.8 £ 0.02) GeV?2, (uu) = (dd) = (—0.014 &
0.002) GeV? [15], mg, = 0.98 GeV, mg, = 0.98 GeV, m,, = 0.78 GeV and
m, = 0.77 GeV. We use the overlap amplitude for the scalar mesons, fy and
ap, and the vector mesons w and p as As, = (0.18 £0.015) GeV? [16], A\g, =
(0.21+£0.05) GeV?2 [7], A, = (0.1740.01) GeV?, A, = (0.1640.01) GeV? [17].
Furthermore, we analyze the dependence of the sum rule for the coupling
constants, gsy~, on independent variations of the continuum threshold Sp
and the Borel parameters M? and M2. For the vector channel, the limits
M2 = 1.2 GeV? and 1.0 GeV? < MZ? < 1.4 GeV? determine the allowed
interval [18]. In Fig. 2 and Fig. 3, we present the coupling constants g ,.-,
9fopy> Gaowy aNd Gagpy as a function of the Borel parameter M3 for different
values of M2. From the graphs in Fig. 2 and Fig. 3, we see that the varia-
tions of the coupling constants gsy~ as a function of the Borel parameters
M? for different values of M22 are quite steady. Hence, the determined values
for the coupling constants, gsy~, in Model I are

Gjowy = 0814014,  gapy = 1.4840.36,
Gy = 2234040,  gagpy = 0.45+0.14, (14)
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where errors come from the values of the overlap amplitudes Ag;, Agy, Aw
and A\, and the values of vacuum condensates and the Borel parameters.
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55l — M =12GeV’| ] i — M =12GeV’|
’ M, = 1.3 GeV’ 0,6{— M,’=1.3GeV’|
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Fig.2. The coupling constants ggy.~ and gq,,y as a function of the Borel parameter
M3 for different values of ME.
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Fig.3. The coupling constants gy,.~y and gy, as a function of the Borel parameter
M3 for different values of ME.

Model IT includes the term which has a parameter called the magnetic
susceptibility of the quark condensate, x, and for which we use the value
X = (—3.15£0.10) GeV2 [19]. In Fig. 4 and Fig. 5, we present the dependence
of the coupling constants, gsy~, on the Borel parameters M2 =1 GeV? at
the values of the continuum threshold so = 2.0, 2.2 and 2.4 GeV2. These
graphs show that the sum rule is quite stable with the variations of M?2.
Then, we obtain the coupling constants ggy in Model II as

Jfowy = 1.314£0.25,
Gfopy = 3.61+0.72,

Jagury = 2.39 £ 0.54,

Jaopy = 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~. These differences can arise from the term including the
parameter x whose contribution is dominant in Model II.

5 T I T I T I T I I T T T
- o — 5,=2GeV’
Al —sO:2GeV ] | ‘0—22GV2 |
+5,=2.2GeV’ ST =Y
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.
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Fig.4. The dependence of the coupling constants gu,wy and ge,py on the Borel

parameter M? for the values of the continuum threshold parameter so = 2 GeV?,
so = 2.2 GeV? and sg = 2.4 GeV?2.
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Fig.5. The dependence of the coupling constants gf,.~ and gy,,y on the Borel

parameter M? for the values of the continuum threshold parameter sq = 2 GeV?,

so = 2.2 GeV? and sg = 2.4 GeV?2.

In Tables I and II, we present the other obtained values for the coupling
constants, gsy~, 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.



1328 A. KUuCcUKARSLAN, U. OZDEM

TABLE I

The obtained values of the coupling constants gy, in Model I and Model 11, and

the values in the literature.

Ref. gfow’Y
[9] (0.68 ¥ 0.02)—(1.25 F 0.02)
[9] (0.78 7 0.02)—(1.30 F 0.02)
[9] (0.69 ¥ 0.02)—(0.71 ¥ 0.02)
Model 1 0.81 F0.14
Model 11 1.31 F0.25
Ref. 9fory
[10] (1.99 F 0.56)—(3.86 F 0.97)
[10] (1.97 F0.57)—(1.87 F 0.54)
[11] (1.75 7 0.53)—(1.12 7 0.34)
Model I 2.23F0.40
Model II 3.61 F0.72

The obtained values of the coupling constants g, v~ in Model I and Model II.

Comparison of different predictions and present work.

Ref. Gagwy
[7] 0.75F70.20
[7] 0.45F0.10
8] 257F0.21
Model I 1.48F0.36
Model II 2.39 7 0.54
Ref. Gaopy
[7] 2.0 0.50
[7] 1.30 7 0.30
[11] (0.96 F 0.44)—(0.85 F 0.38)
[10] (0.82 % 0.34)—(0.85 F 0.36)
[10] (1.97 7 0.57)—(0.85 F 0.36)
Model I 0.45F0.14
Model II 0.72F0.21

In Tables I and II, the values of the coupling constants, gfw~ 9], 9,0y [11]5
Gagw~y 7] and gaypy |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~. Thus, we get some values of the decay widths of
the decays S — V', 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~, 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'~ decay, we describe the SV ~-vertex by the effective
Lagrangian as 23]

© g5v40°VA (90 A — D5A4)S, (16)

LSV'y = M
v

where V' denotes the vector meson, w and p, field, A is a photon field, S is
a scalar meson, ag and fy, field. From this Lagrangian, we can derive the
corresponding partial width as follows

a9 (Mé%_M\Q/)g

'S —Vy) = EYELLC Y A (17)
S

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

= 10.07+4 keV,

= 86.70 + 14 keV ,

= 33.65+6.3 keV,

= 353+ 1.0 keV, (18)

and for Model I

I'(fo = wy) = 2518+ 5.4 keV,

I'(fo— py) = 217.63 430 keV,

I'(ap — wy) = 83.82+ 13 keV,

I'(ag — py) = 8.65+3.17 keV . (19)

There is a wide hierarchy between I'(fo — w7y), and I'(fo — p7y) and be-
tween I'(ap — w7y) and I'(ag — py). Let us compare our predictions on
partial widths of the S — V'~ 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'~ decays
with other approaches. The unit is in keV.

Ref. fo = wy Jo—=py ag — wy ag — py
[3] [1] 126 + 20 19+5 641 + 87 3+1
[3] [11] 88 +17 3.3+2 641 + 87 3+1
[5] 1417255 24.1%40 11.6752 124753
[6] 59.67 81.43 114.7 8.47
[20] 3.4 3.4 3.4 3.4
: st. . . . .
[21] [Est. 1] 59.4 50.8 34.9 36.4
st. . . . .
[21] [Est. 11] 31.7 3.8 44.6 46.6
] st. . . . .
[21] [Est. I11| 63.4 66.4 44.6 46.6
[22] 43+1.3 42+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 IT | 25.96+5.4  198+30  86.29+13  9.03+3.17

The scalar mesons, fy(980) and ag(980), have an experimental decay
width as Iy, = (404100) MeV and I, = (504 100) MeV, respectively [24].
Using the experimental values of the decay width of the fy and ag 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 ggy. of the S — V-
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 ggy-, 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'~ for the values of the decay widths
I'(fo = wy) = 10.7 keV I'(fo — py) = 86.70 keV, I'(ap — wy) = 33.65 keV and
I'(ap — py) = 3.53 keV in Model 1.

et [MeV] Br(fo — wvy) et [Mev] Br(fo — pv)
40 2.51 x 1074 40 2.16 x 1073
50 2.01 x 10~* 50 1.73 x 1073
60 1.67 x 10~* 60 1.44 x 1073
70 1.43 x 1074 70 1.23 x 1073
80 1.25 x 10~* 80 1.08 x 1073
90 1.11 x 10~* 90 9.63 x 1074
100 1.00 x 1074 100 8.67 x 107*
Iyt [MeV] Br(ag — wv) Iyt [MeV] Br(ag — p7)
50 6.73 x 1074 50 7.06 x 1075
60 5.60 x 104 60 5.88 x 10~5
70 4.80 x 1074 70 5.04 x 1075
80 4.20 x 1074 80 4.41 x 1075
90 3.73 x 1074 90 3.92 x 1075
100 3.36 x 1074 100 3.53 x 1075
TABLE V

The branching ratios of the decays S — V7~ for the values of the decay widths
I'(fo = wy) = 25.18 keV I'(fo — py) = 217 keV, I'(ag — w7y) = 83.82 keV and
I'(ap — py) = 8.65 keV in Model II.

I}t [MeV] Br(fo — wv) It [MeV] Br(fo — p7y)
40 6.29 x 1074 40 4.75 x 1073
50 5.03 x 104 50 3.96 x 1073
60 4.19 x 1074 60 3.30 x 1073
70 3.59 x 10~* 70 2.82 x 1073
80 3.14 x 1074 80 247 x 1073
90 2.79 x 1074 90 2.20 x 1073
100 2.51 x 1074 100 1.98 x 1073
It [MeV] Br(ag = wy) It [MeV] Br(ag — pv)
50 1.67 x 1073 50 1.80 x 104
60 1.39 x 1073 60 1.50 x 104
70 1.19 x 1073 70 1.29 x 104
80 1.04 x 1073 80 1.12 x 1074
90 9.31 x 1074 90 1.00 x 104
100 8.38 x 104 100 9.03 x 1075
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