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gvsy coupling constant in light cone QCD
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We recalculated the coupling constants gyqys 8payys Swoys Sagwy> Epoy> ANA &4y py Dy taking into
account the contributions of the three-particle up to twist-4 distribution amplitudes of the photon involving
quark-gluon and quark-anti-quark-photon fields in the light-cone sum-rule framework.
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I. INTRODUCTION

It is known that the quark model describes hadrons
successfully. In its simplest version, mesons are interpreted
as pure gq states. Scalar mesons might constitute an ex-
ception to this scheme and indeed their nature is not well
established yet.

In order to perform experiments about hadrons, some
physical information is required at large distance, and this
information can be obtained from accurate estimations of
form factors and other matrix elements. There are some
nonperturbative approaches in order to obtain such infor-
mation. The QCD sum rules are one of the most powerful
methods among these approaches [1,2]. They were firstly
proposed by Shifman, Vainshtein, and Zakharov. Then,
many studies and some extensions have been performed
on this method in recent years. The main idea of the
method is to calculate the correlator with the help of
operator product expansion (OPE) in the framework of
QCD and then connect them with the phenomenological
part. The interested physical quantities are determined by
matching these two representations of the correlator.

A coupling constant, usually denoted g, is a number that
determines the strength of an interaction. The Lagrangian
or the Hamiltonian of a system is generally separated into a
kinetic part and an interaction part. The coupling constant
determines the strength of the interaction part with respect
to the kinetic part, or between two sectors of the interaction
part. These coupling constants can be calculated theoreti-
cally using some known methods. The light-cone sum rule
is the most popular nonperturbative method for calculating
the coupling constants.

Vector meson (V)-scalar meson (§) photon VSy vertex
plays a role in photon production reactions of vector me-
sons on nucleons. Especially, the studies of ¢ meson and,
in particular, its radiative decays have been important
sources of information in hadron physics. Among the
processes involving the vector and scalar mesons ¢ oy,
dayy, woy, wayy, poy, payy vertices are interesting
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and important for several reasons [3,4]. For example,
the ¢a,y vertex plays a role in the study of the radiative
¢ — 77y decay, and the knowledge of the ¢poy vertex
is needed in the analysis of the decay mechanism of the
¢ — m7°y. Also woy vertex, which compensates the
large effect of the poy vertex, plays a role in the elastic
electron-deuteron scattering, and therefore the knowledge
of the coupling constant g, is essential.

In this study, we write the physical w and ¢ meson states
as

|w) = cosf|wy) — sinf| )

(1)
|@) = sinfB|wy) + cosb| ),
where |wg) = 713|12M + dd) and |¢) = |s5) are the non-

strange and the strange basis states. The mixing angle has
been determined from the available experimental data by
Bramon et al. as 6 = (3.4 = 0.2)° [5]. But, this mixing
angle has been also determined from the available experi-
mental data as # = 3.18° in [6]. Therefore, we choose the
interpolating currents p, @, and ¢ mesons defined in the
quark flavor basis as

1 )
Jo = 5(”7#14 —dy,d),
J9 = cos@Jg" — sinBJg", 2)

JE = sinBJ2° + cos6JL",

where J;° = L(iy,u + dy,d) and Jj;° = — 1 (5y,s) [1].
The coupling of the S meson to scalar current JS can be
parameterized in terms of a constant Ag as

(O1J518) = As. 3)
In order to determine the coupling constant gy, in the

frame work of the QCD sum rules, we consider the follow-
ing two point correlation function

m, —i [ dxem OITS IV OM0),. (@)
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The interpolating currents of the vector meson are
chosen as presented in Eq. (2) and the scalar meson current
as JS = Liu + (—1)/dd], where I =0 corresponds to
isoscalar meson and [ =1 corresponds to isovector,
respectively.

The physical part of the sum rules can be attained by
inserting a complete set of one meson states in the corre-
lator. Therefore, we get

SIS WV(p)IILO0)10)
I, = z%wwwm»y’;_—%,
&)

where p, = p; + ¢, q is the photon momentum. The
matrix element (V(p,)|J},(0)|0) is defined as

©OlJ;IV) =myfyey, (6)

where &Y is the V meson polarization vector, g is the

photon momentum, and myfy = Ay. In general, the
(S|V), matrix can be parameterized as

(S(p)IV(p1)), = elF1(¢®)(p1@)e), + F2(gH) (" q)py,Jer,
(N

where e* is the photon polarization vector. We have also
g"{F\(p1q)e}, + Fa(e"q)p1,} =0, ®)
then
Fy(0) = —F,(0).

So, the matrix element (S|V),, takes the following form:

(SIV)y = eFOOX(p19)ey, — (ge¥)piuter. (9

We can use an alternative parametrization for the VSy
vertex as

e
£im = _migVSys,uvaﬁ(ayqsv - alld),u)(aaAB - aﬁAa)S
v
(10)
Comparing Egs. (8)—(10) we see that

F(g2 = 0) = V57 (11
my
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Having used Egs. (5)—(10), for the phenomenological part
of the sum rules, we get

Ag fve”
[—(P1@Dgur + P1a,)
p3 —m3 pi—my e

phen __
= = 8vsy

(12)

The photon wave functions up to twist 4 are defined
as [7,8]

(v(p)lgo,,q10)

1 -
— —ieGq)Eapy — €1py) [0 duew(m(u)
x2 i _ ex
#15AW) = 5 a5 (en ~ pu )

px
1 ._
- xM<SV - p,,ﬂ)][ due™h.,(u). (13)
px 0

It can be seen from expression of the correlation func-
tion in [Eq. (4)] that only light u and d quarks give con-
tributions and s quark part is not participated in this study.

After evaluating the Fourier transform, performing the
double Borel transformation with respect to the variables
p3 = p*and p? = (p + ¢)* on both sides of the correlator
suppress the contributions of the higher states. It also
removes the subtraction terms in the dispersion relation.
Finally, after a long and straightforward calculation, also
involving quark-gluon field and quark-antiquark-photon
field [7,8], we obtain the following sum rules for the
gvsy coupling constant

__my(e, + (=1 e ) iu)
gVSy_ )‘VAS

A(ug)
4

x e<m2v/M%+mi/M%>{M2X<go(uo)Eo(so/MZ)) -

u t
2 ["ar [ drhy(0) = (o) ~ 1)}y (0),
(14)
where the values of constant C and y(f) are given in

Table 1. The functions I;(ug) and I5(u) are defined as

TABLE I. The constant values in Eq. (14) for the calculated
coupling constants.

Values boy poy woy dayy payy wayy

e, +(=Dley) 1/3 1 1/3 1 1/3 1

C 1/v2 12 1/6 1/42 1/2  1/6
v(6) sinf 1 1 sinf 1 1
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Io(ug) = [ da, [ e erm EAICY
—Tww+Tww—me—&wrswﬂ
+2f da fl “a _—)Z[Tz(a
~ (e + S(ay)] (15)

and

1)

[S () + T ()]

1—u
/daf°

lu“
+2f daf

where s is the continuum threshold and

)2[5 (ap)] (16)
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M
M} + M3’

MiM3

2 =
2 2’
M7 + M3

uy =

where M? and M3 are the Borel parameters in V and S
channels and Ey(so/M?) = 1 — ¢~ 50/M* is the continuum
substraction.

II. NUMERICAL RESULTS

For the numerical evaluation of the sum rules, we use the
value (iu) = —(0.240 = 0.010)3 GeV? [9] for the vacuum
condensate and y = (—3.15 = 0.3) GeV 2 [10] for the
magnetic susceptibility of the quark condensate.

The theoretical framework for the photon distribution
amplitudes (DA) is based on an expansion in terms of the
matrix element of conformal operators [7,8,11]. The pho-
ton DA’s entering the sum-rules are expressed as [7,12]

A(u) = 40u?i*(3k — k* + 1) + 8(& — 34) wit(2 + 13ui) + 2u(10 — 15u + 6u?) In(u)

+ 23 (10 — 15i + 6i%) In(ir)],
o) = 6uii(l + 23 (u — @),
hy () = —10(1 + 2*)Cy/*(u — i),
T () = —1203% + & )ay —
Ts(a;) = 30a2(a; — a,)(k — k) + (& —
T5(a;) = —120(34,

a)aza,a,,

(O = 2a,) + 5,3

T y(e;) = 30ag(az — a )k + &%) + (& + {0 = 2a) + HB — 4ay)),

S(a;) = 30ag{(k + k)1 — a,) + ({ + {1 — a1
{1 = a,)1

Slay) = =30az{(x = k)1 = ap) + (¢ =
S,(a;) = 60a§(aq + a,)4 —T(a; + a,)),
Ti(a;) = 60a§(aq —a,)4 = T(a; + a,)).

The parameters appearing in the above DA’s are given as
0,=0, k=02, k" =0, {, =04, {, =03, { =0,
{5 =0 at the scale u =1 GeV and a,=(1—-a;—a,)
[13]. Numerical values of mass [14] and A for different
types of meson are selected as in the Table II.

Then, we have calculated the gyg, coupling constant
numerically using the values in Table I for the above meson
types. In the following sections, the coupling constant is

TABLE II. Numerical values of mass and A.
Meson type Mass (GeV) AMGeV?)
b 1.020 0.250 [15]
D 0.775 0.156 [14]
%) 0.782 0.046 [14]
ag 0.980 0.210 [15]
o 0.500 0.120 [15]

- Zag) + 52[3(01(} - aq)2 - ag(l - ag)]};

displayed in terms of a function of the Borel parameter M3
for different values of the threshold parameters s, and for
M, = 2.0 GeV>.

A. g4, coupling constant
We present the dependence of the coupling constant
8oy ON the Borel parameter M3 at three different values
of the continuum threshold: s, = 1.1, 1.6, and 2.1 GeV?
and M7 = 2.0 GeV? in Fig. 1(a), and Borel platform of the
coupling g 4, for the 1.2 GeV? = M}, M3 < 2.8 GeV?in
Fig. 1(b). We obtain the range of the coupling constant as

(0.054 < gy < 0.082).

The previous results are (0.055 < g4,, < 0.076) ob-
tained by Du and Zhou [15] and g 4, = (0.036 = 0.008)
obtained by Gokalp and Yilmaz [3].
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FIG. 1 (color online). (a) Graph of the coupling constant g 4,
as a function of the Borel parameter M3 for the values of
so = 1.1, 1.6, 2.1 GeV? with M? = 2.0 GeV>. (b) The coupling
constant g 4, in the Borel platform (M3, M3). The upper (blue)
curved surface and the lower (red) curved surface indicate the
coupling g,,, With sy = 1.1 GeV? and with s, = 2.1 GeV?,
respectively.

B. g, coupling constant
We present the dependence of the coupling constant
gpoy ON the Borel parameter M3 at three different values
of the continuum threshold: s, = 1.1, 1.6, and 2.1 GeV?
and M7 = 2.0 GeV? in Fig. 2(a), and Borel platform of the
coupling g, for the 1.2 GeV* = M3, M3 = 2.8 GeV? in
Fig. 2(b). We obtain the range of coupling constant as

(2.587 < g,,, <3.372).
poy

The previous result obtained by Aliev et al. [9] is
Zpoy = (222 0.4).
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FIG. 2 (color online). (a) Graph of the coupling constant g,
as a function of the Borel parameter M3 for the values of
so = 1.1, 1.6, 2.1 GeV? with M7 = 2.0 GeV2. (b) The coupling
constant g, in the Borel platform (M3, M%). The upper (blue)
curved surface and the lower (red) curved surface indicate the
coupling g,,, with 5o = 1.1 GeV? and with s, = 2.1 GeV?,
respectively.

C. g4y coupling constant

We present the dependence of the coupling constant
gwoy On the Borel parameter M3 at three different values
of the continuum threshold: s, = 1.1, 1.6, and 2.1 GeV?
and M? = 2.0 GeV? in Fig. 3(a), and Borel platform of the
coupling g, for the 1.2 GeV* = M3, M3 = 2.8 GeV?in
Fig. 3(b). We obtain the range of the coupling constant as

(0.970 < g, < 1.267).
Y

The previous result obtained by Gokalp and Yilmaz [10]
is g0y = (0.72 = 0.08).
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FIG. 3 (color online). (a) Graph of the coupling constant g,
as a function of the Borel parameter M3 for the values of
so = 1.1, 1.6, 2.1 GeV? with M? = 2.0 GeV>. (b) The coupling
constant g, in the Borel platform (M3, M3). The upper (blue)
curved surface and the lower (red) curved surface indicate the
coupling g,,, with sy = 1.1 GeV? and with s, = 2.1 GeV?,
respectively.

D. g44,y coupling constant

We present the dependence of the coupling constant
8 payy ON the Borel parameter M3 at three different values
of the continuum threshold: s, = 1.1, 1.6, and 2.1 GeV?
and M7 = 2.0 GeV? in Fig. 4(a), and Borel platform of the
coupling g4,,, for the 1.2 GeV? = M}, M3 =< 2.8 GeV*
in Fig. 4(b). We obtain the range of the coupling constant
as

(0.132 < g g4,y < 0.201).

The previous results are (0.130 < g4,,, < 0.194) ob-
tained Du and Zhou [15] g4,,, = (0.11 = 0.03) obtained
by Gokalp and Yilmaz [3].
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FIG. 4 (color online).  (a) Graph of the coupling constant g 44,y
as a function of the Borel parameter M3 for the values of
so = 1.1, 1.6, 2.1 GeV? with M% = 2.0 GeV?2. (b) The coupling
constant g 4, ,, in the Borel platform (M7, M3). The upper (blue)
curved surface and the lower (red) curved surface indicate the
coupling g4,,, With 5o = 1.1 GeV? and with s5 = 2.1 GeV?,
respectively.

E. g,,py coupling constant
We present the dependence of the coupling constant
8a,py ON the Borel parameter M3 at three different values
of the continuum threshold: sy = 1.1, 1.6, and 2.1 GeV?
and M? = 2.0 GeV? in Fig. 5(a), and Borel platform of the
coupling g, ,, for the 1.2 GeV? = M}, M3 < 2.8 GeV?in
Fig. 5(b). We obtain the range of the coupling constant as

(0.702 < g4, py < 0.916).

The previous results are g, ,, = (1.18 = 0.27) obtained
in [4] and g, ,, = (1.3 = 0.3) obtained in [16].
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FIG. 5 (color online). (a) Graph of the coupling constant g, ,,
as a function of the Borel parameter M% for the values of 5y = 1.1,
1.6, 2.1 GeV? with M? = 2.0 GeV?2. (b) The coupling constant
8a,py 10 the Borel platform (M2, M%). The upper (blue) curved
surface and the lower (red) curved surface indicate the coupling

Zappy With 5o = 1.1 GeV? and with s, = 2.1 GeV?, respectively.

F. g4,y coupling constant
We present the dependence of the coupling constant
8a,wy ON the Borel parameter M3 at three different values
of the continuum threshold: sy = 1.1, 1.6, and 2.1 GeV?
and M? = 2.0 GeV? in Fig. 6(a), and Borel platform of the
coupling g,, ,, forthe 1.2 GeV? = M7, M3 = 2.8 GeV?in
Fig. 6(b). We obtain the range of the coupling constant as

(2.373 < g4y < 3.100).
The previous result obtained by Aydin and Yilmaz [17]
is 8wy = (2.57 £ 0.21).

III. CONCLUSION

In this study, we recalculate the coupling constants
gvsy V=&, p, ;S = a,, o) radiative decays into the
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FIG. 6 (color online).  (a) Graph of the coupling constant g,
as a function of the Borel parameter M% for the values of 55 =
1.1, 1.6, 2.1 GeV? with M? = 2.0 GeV2. (b) The coupling
constant g, ., in the Borel platform (M7, M3). The upper
(blue) curved surface and the lower (red) curved surface indicate
the coupling g, ., with sy =1.1GeV? and with s, =
2.1 GeV?, respectively.

scalar meson by taking into account the contributions of
the three-particle twist-4 DA’s of the photon involving
quark-gluon and quark-anti-quark-photon fields in the
light-cone sum-rule framework. It is observed that quark-
gluon and quark-anti-quark-photon fields are not effective.
The main contributions are coming from photon distribu-
tion functions.

It is well known that the gyg, couplings are deeply
related to the internal structure of the scalar mesons which
is not well established and is still a subject of debate.
Additionally, determination of the mass of the o meson
is not an easy task [0 meson is very side mass (400—
1200 MeV)]. Therefore we adopt m, = 0.5 GeV in this
work. However, obtained results are compatible with ex-
istence ones in literature.
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