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Abstract. The coupling constant of ¢ — KK decay is calculated by light cone QCD sum rules. The result
obtained for ggxx = (4.9 £ 0.8) is in good agreement with the existing experimental results.

1 Introduction

Light scalar mesons constitute a remarkable exception of
the quark model systematization of the mesons, and their
nature still needs to be unambiguously established [1].

Particularly, the nature of the f;(980) meson is un-
der debate. According to the naive gq picture and strong
coupling with the kaons, fy(980) can be interpreted as
a pure §s state [2-4]. However, this interpretation does
not explain the mass degeneracy between f(980) and the
isovector ag(980), which is interpreted as a (au — dd)/v/2
state. It is also interpreted as a four quark ggss [5] bound
state of hadrons [6-8] and as a result of a process known
as hadronic dressing [2,9].

For understanding the content of the fy meson several
alternatives have been suggested: For example, analysis
of  — foy decay [5-10] and investigation of the ratio
I'(ao — foy)/T'(¢ — foy) [7,8] are believed to be the
most promising ones for this purpose.

The ¢ — foy decay is a very efficient tool for this
purpose, since the branching ratio is essentially dependent
on the content of fy. For example, if fj is a pure 5s state,
the branching ratio is ~ 107°, while if fy is composed
of four quarks then the branching ratio is expected to be
~ 1074

The strong coupling constants gsx+x- and gg x+x-
are among the important hadronic parameters entering
the analysis involving ¢ and f(980). Indeed, the kaon loop
diagrams contributing ¢ — fo7y are expected to be in terms
of gr x+rx- as well as ggx+x-. The coupling constant
9f, i+ K- is studied in light cone QCD sum rules [10] (more
about light cone QCD sum rules and their applications can
be found in [11,12]).

In the present work we calculate the strong coupling
constant g, i+ - by the light cone QCD sum rules method.
It should be noted that this constant can be obtained from
the experimental data on ¢ meson decays. The goal of the
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present work is twofold. Firstly, we can ask: can we get
new information about the quark content of the ¢ meson
comparing experimental data with theoretical results? Sec-
ondly, how does light cone QCD work for the asymmetric
case, i.e., with different Borel mass parameters correspond-
ing to different mass channels?

This paper is organized as follows. In Sect. 2, we derive
sum rules for the g,x+x- coupling constant. In Sect. 3,
we present our numerical results and conclusion.

2 Sum rules for the g, i+ k- coupling constant

In this section we calculate the strong coupling constant
Jer+ k- by light cone QCD sum rules. This coupling con-
stant is defined by the following matrix element:

(K= (@)o(p. )| KT (p+4q)) (1)
where the momentum assignment is specified in brackets
and €, is the polarization vector of the ¢ meson. In order to

calculate the strong coupling constant gy g+ i~ We consider
the following correlator function:

o (p.q) =i / dize® (K (q) [T {J¢(@)T5(0)}]0) ,(2)

where the quark current Jf = Uy,ss is the axial vector
current and J¢ = §vy,s is the interpolating current for the
¢ meson.

The correlator function, in general, can be written in
terms of the following five independent invariant functions:

,,(p;q) (3)

= ng/w + Hpr,py + H3Pu‘]u + U4qupu + H5‘],u‘]u .

Therefore, our first problem is to choose the kinematical
structure. For this aim, we consider the phenomenological
part of the correlator function. This part can be written
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as

17

pr =

(K~ (q)o(p)|K* (p+ )) (K™ (p+ )| J[0)(0]J7|(p))
(p? = m3)[(p + q)? — mi]

(4)
=

The matrix elements entering (4) are defined by
(K*(p+9)l7,710) = fx(p+ )y »

(019216 (p)) = mg foew -

Using (4) and (5), we get for the physical part

(5)
I = (6)

Jox+ K- frmefo
(p? —m3)[(p+q)? — mk

] (Pu + qu) (qy + ;py> :

It follows from this expression that the only the struc-
tures p.qu, quqv, qupy and p,p, give a contribution to the
correlator function. In our further analysis, we will choose
the structure p, g, from which the corresponding invariant
structure,

Jok+ k- kMg fo

I=—m)o+o? - ma]

: (7)

follows.

Our next task is the calculation of the correlator func-
tion from the QCD side. This calculation can be carried
out by using the light cone operator product expansion
method, in which we work with large momenta, i.e., —p?
and —(p+q)? are both large. The correlator function, then,
can be calculated as an expansion near to the light cone
22 ~ 0. The expansion involves matrix elements of the
non-local operators between vacuum and the kaon states,
i.e., in terms of kaon wave functions with increasing twist.

After lengthy calculations, we get the following expres-
sion for the invariant function which is proportional to the
structure p,q,:

I, (p+4q)?)
o (u)

. 1 dugs(u)
—lfK/O du{ A2 + A

g1(u) + G (u)
A2

M o (u) }

—4

1 ms
A

T3 Az

1
. 2 .
—|—1fK/ duu/DaiE[le(ai)—i-cpH + 20 (a;)]
0 2

1 1 1-ag
+ifK/ du/ da3/ day
0 0 0

1

XZ%P%M(O@) — o) + 201 (i) — @) (as)]
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+2ifK{/1du(u—1)/1da3
0 0

AF(03){pg + mi 1 + as(u — D]}
Af

1 1 l1—as
+ / du/ dag/ doq
0 0 0

y 4F (a;)[pg + m¥% (a1 + ua)]

b

A3
where
A=mZ—(p+qu)*,
Ay =mZ —[p+q(l+ (u—1)as]?,
Ay =m?2 = [p+qlar +uaz)]?
and

R as 1—t
F(Olg) = 7/0 dt/o doq@(oq, 1-— a1 — t,t) ;
ai

F(Oél) = —-/0 dt@(t, 1-— a3 — t,ag) s

P(ai) = @) (i) + () + @) + @1 (i) -

The functions in (8) are defined by

(K(q)|a(z)y,755(0)[0)

1 .
= —iquN/O due™@® (o (u) + 2291 (u)]

2 1
_ qux iugx
+ fx (azu o )/0 due' gy (u) ,
(K(q)|u(r)0,,755(0)]0)
m2 L
- I(Q;Axu qyx,u)fK K d eluquOJ(u) y

and

(9)

(10)

(11)

(12)

(15)

The matrix elements involving the quark—gluon field

are determined by

(K (q)|u(®) 747595 Gap(uz)s(0)[0)

Taq
= fK |:qﬁ (ga,u - ZZ‘H) —qa (gﬁ# -

X /Dai@l(ai)eiq‘"’”(aﬁ“%)

Lpdu
qx

q g + s
+ qu*; (s — q37a) /Daiw(ai)e 9w(eatuas)

(16)
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(K (9)|@(x)7u9sGap(uz)s(0)]0)

. Taq 3¢
= lfK |:qﬁ (gap, - qxu) — qu <gﬁu - Z’Eu)]
/DazSOJ_ 1q1(a1+ua3)

.o Au
+ lquilx (Q(xﬁcﬁ *%Ia)/DaMH( e igr(ar+uas) ,

(17)

where G’Qg = %eagngp", Da; = dajdasdaszd(l — a; —
Qg — Ckg).

The sum rule for gyx+ - is obtained by equating the
phenomenological and the theoretical parts, (7) and (8).

In order to suppress the contributions of the continuum
and higher states, we perform a double Borel transforma-
tion over the variables —p? and —(p + ¢)? on both sides
of (7) and (8), and obtain the following expression for the
correlator function:

me¢f¢9¢KKe_mi/M12€_m§‘/M§

2 2
= fre mo/M {M2<PK(U0) + duggz (uo)

2

m
7KSDU (UO)

— 4[g1(uo) + Ga2(uo)] + 3

m2

- 4@ [91(u0) + G2(uo)]

1—up ug
+ (/ dag/ da1
0 ug—Qa3
1 1—as 1 0
+/ dag/ dOél —/ dag/ da1>
1—ug ug—as ug ug—as

(st~ 2¢, (i) + o) (i) + 241 (aq)
(6% Q3

] (67 2 dF (6 7]
2o 2 arte) o)
Qs Q3 dal
1 nl 1
F F(1-— 0
_ 2/ (a3)d063—2/ daég ( s, ,Oég)} ’
17’U40 a3 17’11,0 ag
where M2 = A%JFAI/I;Q, uy = M;\j[j\/ﬂ and mo = mz +

m2ug(1 — ug). Subtraction of the continuum and higher

states is carried out by employing the quark-hadron dual-
ity, i.e., the continuum contribution, which is represented
in terms of the spectral density obtained from the QCD
side, by equating it to the one obtained from the QCD side,
but starting from some given threshold. The prescription
for subtraction of the contribution of the continuum in the
light cone version of the sum rule is proposed in [13] (see
also [14]). In [13] and in many other works, the symmetric
point M? = M3 = 2M? (i.e., ug = 1/2) is considered, and
then the continuum subtraction is implemented by means
of the simple substitution

oM /M,

202 _ 2
e m* /M —e so/M
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in the leading twist term (in our case the leading twist
term is the wave function ¢g (u)). But this prescription is
not adequate in our case, where the Borel parameters and
masses of different channels are not equal. In the present
work we will follow the analysis given in [10], where the
prescription for the continuum subtraction through use
of the Borel parameters with different masses in the re-
spective channels is proposed, and properties of the wave
functions are exploited. Namely, the leading twist-2 wave
function can be exploited as a power series:

u) =Y be(l—u)",
k

in order to calculate its contribution in the duality re-
gion. Here we will neglect the continuum subtraction in
the higher twist terms altogether, due to their small con-
tribution to the theoretical part of the sum rules. Also, we
will neglect the continuum subtraction in all higher twist
terms, due to their small contribution to the theoretical
part of the sum rules.
The final result for the g4k x coupling is given by

o3 /M gmie JMZE (—m3 /M

9pKK =
¢ mg fo

M2\ "
X ]\42 b}g()
P (i

1 7(80*m2)/M2 K 1 Sofmg ‘
X Lot (T

i=0

+ e

(s0— m)/MmeM 1 59 —m? Rt
M2M3Z (k+1)! M?2

+ duggz(uo) — 4[g1(uo) + Ga2(uo)]

+ e ln) — g

1—up 1 1—as
+ (/ dag/ day +/ dag/ dan
l—uo ug—a3g
/ dOég/ da1>
ug—ag

Ug — 1
X 2=
as

[91(uo) + Ga(uo)]

(2¢1 (i) + ) (i) + 201 (i)

D(a;
ACON
as as

1 nl 1
F F(1-—
_ 2/ das (a3) 72/ das ( 013,07@3)}7
lf’u.(] 043 17u0 ag

where s( is the smallest continuum contribution.
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In this section we present our numerical calculation of the
gor i coupling constant. It follows from (19) that the main
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3 Numerical analysis
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where a2(1GeV) = 0.2 [16].
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Fig. 1. The dependence of the coupling constant g4k x on the

Borel parameters M7 and M2, at the fixed value sq

of the continuum threshold
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0.234 GeV, follows from the experimental

result of the ¢ — T4~ decay [19]. The threshold sy which

1.02 GeV. The leptonic decay constant of the ¢

m¢=

1—0[1—0[3)

@L(ai) = 12077’1%{041(

1.1GeV?, is determined

from the analysis of two-point function sum rules for fg

[20].

is varied around the value sg

meson, fg
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Having all input parameters, we now proceed by carry-
ing out a numerical calculation. The dependence of g¢x K

N4

Voo =

hoo

2
2

1.1GeV? and sy = 1.2GeV? is presented in Figs.1 and

w. 30,
Tj4aW4 2027

7
4
7
2

at two fixed values of sq

2 and M.

1

on the Borel masses

hot

2, respectively. According to the QCD sum rule method,
ranges of the auxiliary Borel parameters M? should be

3

N4wy + %az )

hio



T.M. Aliev et al.: ¢ — KK decay in light cone QCD

found such that the result for g4xx be practically inde-
pendent of them.

From these figures we see that such regions indeed do
exist. When M7 and M3 are varied in the regions 2 GeV? <
]\/[12 < 4GeV? and 0.8 GeV? < M22 <14 GreV27 the result
for g4 ik seems to be independent of the Borel parameters.
It should be noted here that the result changes slightly
when the continuum threshold is fixed at the value sg =
1.2 GeV?. The final result for gyxx is

Joxkk =4.9£08. (21)

At this point, let us discuss the sources of the uncer-
tainties. The SU;(3) breaking effects in kaon distribution
amplitudes which we neglected can play an essential role,
since we can explore a wide range of u and hence smoothen
the effects of the shape of the wave function. An additional
uncertainty arises from the value of m,. All these factors
can cause an uncertainty of about 5-10%. Moreover, the
errors coming from the variations in the continuum thresh-
old and Borel masses change the result by about 10%. If
all these uncertainties are taken into account, the resulting
error is about 20%, which is quoted in (21).

Finally, we would comment that existing experimen-
tal results on ¢ — KK decay predict goxx = 4.8. So,
obviously, we see that our result is quite close to the ex-
perimental value. Therefore we conclude that the quark
content of ¢ is s, and for channels with different masses
and different Borel parameters, the light cone QCD sum
rules work quite well.
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