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Analysis of the vertices D*D,K, D; DK, DyD,K, and D DK with the light-cone QCD sum rules
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In this article, we analyze the vertices D*D K, Di;DK, D)DK, and D, DK within the framework of the
light-cone QCD sum rules approach in an unified way. The strong coupling constants Gpp x and Gprpg
are important parameters in evaluating the charmonium absorption cross sections in searching for the
quark-gluon plasmas. Our numerical values of the Gpp x and Gp:pg are compatible with the existing
estimations although somewhat smaller; the SU(4) symmetry breaklng effects are very large, about 60%.
For the charmed scalar mesons Dy and D, we take the point of view that they are the conventional ciz and
¢35 mesons, respectively, and calculate the strong coupling constants Gp, p x and G pg With the vector
interpolating currents. The numerical values of the scalar-D K and scalar-DK coupling constants Gp, p
and Gp pg are compatible with the existing estimations—the large values support the hadronic dressing
mechanism. Furthermore, we study the dependence of the four strong coupling constants Gp+p x, Gp:pk>
Gp,p.x> and Gp pg on the nonperturbative parameter a, of the twist-2 K meson light-cone distribution

amplitude.
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L. INTRODUCTION

The suppression of the J/i¢ production in relativistic
heavy ion collisions may be one of the important signatures
to identify the possible phase transition to the quark-gluon
plasma [1]. The dissociation of the J/4 in the quark-gluon
plasma due to color screening can lead to a reduction of its
production, however, the J/i suppression may be already
present in the hadron-nucleus collisions. It is necessary to
separate the absorption of the J/i by the nucleons and by
the comover light mesons (7, K, p, w, etc.) before we can
make a definitive conclusion about the formation of the
quark-gluon plasma. It is of great importance to understand
the J/i production and absorption mechanisms in the
hadronic matter. The values of the J/¢ absorption cross
sections by the light hadrons are not known empirically;
we have to resort to some theoretical approaches. Among
existing approaches for evaluating the charmonium ab-
sorption cross sections by the light hadrons, the one-meson
exchange model and the effective SU(4) theory are typical
[2,3]. The detailed knowledge about the hadronic vertices
or the strong coupling constants which are basic parame-
ters in the effective Lagrangians is of great importance.

The discovery of the two strange-charmed mesons D,
and Dy, with spin-parity 0% and 1%, respectively, has
triggered hot debate on their nature, understructures, and
whether it is necessary to introduce the exotic states [4].
The mass of the D is significantly lower than the values of
the 0" state mass from the quark models and lattice simu-
lations [5]. The difficulties to identify the Dy and Dy,
states with the conventional ¢§ mesons are rather similar to
those appearing in the light scalar mesons below 1 GeV.
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Among the various explanations, the hadronic dressing
mechanism is typical. The scalar mesons a((980),
f0(980), Dy, and Dy, may have bare gg, cu, and ¢35 kernels
in the P-wave states with strong coupling to the nearby
threshold, respectively. The S-wave virtual intermediate
hadronic states (or the virtual mesons loops) play a crucial
role in the composition of those bound states (or reso-
nances due to the masses below or above the thresholds).
The hadronic dressing mechanism (or unitarized quark
models) takes the point of view that the f,(980), a,(980),
Dy, and Dy, mesons have small ¢g, ¢u, and c§ kernels of
the typical gg, cii, and ¢5 mesons size, respectively. The
strong couplings to the virtual intermediate hadronic states
(or the virtual mesons loops) may result in smaller masses
than the conventional scalar ¢g, cii, and ¢ mesons in the
constituent quark models and enrich the pure gg, cii, and
c§ states with other components [6,7]. Those mesons may
spend part (or most part) of their lifetime as virtual KK,
DK, and DK states [6,7]. It is interesting to study the
possibility of the hadronic dressing mechanism.

In this paper, we calculate the values of the strong
coupling constants Gp+p g, Gp:pk> Gp,p,x> and Gp pk
within the framework of the light-cone QCD sum rules
approach. The light-cone QCD sum rules approach carries
out the operator product expansion near the light-cone

2 = ( instead of the short distance x = 0, while the non-
perturbative matrix elements are parameterized by the
light-cone distribution amplitudes which are classified ac-
cording to their twists instead of the vacuum condensates
[8,9]. Furthermore, we study the dependence of the strong
coupling constants Gp-p x, Gprpk> Gp,p.x> and Gp px on
the coefficient a, of the twist-2 K meson light-cone distri-
bution amplitude ¢ () and estimate the values of the
nonperturbative parameter. It is very difficult to determine
the a, with the QCD sum rules; the values of the a, suffer
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from large uncertainties, as it concerns high-dimension
vacuum condensates which are known poorly [8-12]. It
is of great importance to determine the values directly from
the experimental data.

The paper is arranged as follows: In Sec. II, we derive
the strong coupling constants Gpp k., Gp:pk> Gp,p, k> and
Gp,,px Within the framework of the light-cone QCD sum
rules approach. In Sec. III, we give the numerical results
and discussions. Finally, in Sec. IV is the conclusion.

1. STRONG COUPLING CONSTANTS G g,
Gp:pk> Gp,p.x» AND G px WITH LIGHT-CONE
QCD SUM RULES

In the following, we write down the definitions for the
strong coupling constants Gpp x, Gp:pg> Gp,p.x> and

Gp,pk>
(D*(q + P)D(q)|K(P)) = Gppx(P—q) - €
(D3(q + P)D(q)IK(P)) = Gp:px(P — q) - €,
(Dy(q + P)Dy(q)IK(P)) = Gp,p, k>
(Ds(q + P)D(q)|K(P)) = Gp pk-

Here the €, are the polarization vectors of the mesons D*
and Dy. We study the strong coupling constants Gp+p g,
Gp:pk> Gp,p k> and Gp pg with the interpolating currents

D

Jp,(x), Jp(x), J,lzs (x), and J£(x) in an unified way, and we
choose the two-point correlation functions H}L(P, g) and
2P, q),

ML(P.q) =i ] dxe T OITUIRO0)p (OHK(P), ()

I12(P,q) = i ] dxe T O|TR 01 KR, (3)

T2 (x) = 5(x)yex),

Jp,(x) = e(x)iyss(x).

JR(x) = @(x)y,elx),
Jp(x) = e(x)iysu(x),

The correlation functions H}fz)(P, g) can be decomposed
as

L2 (P,q) =TI (g% (g + PP, + TP (2 (g + PP)g,,,
(5)

due to the Lorentz covariance. In this article, we derive the
sum rules with the tensor structures P “ and ¢ u» Tespec-
tively, and make detailed studies.

According to the basic assumption of current-hadron
duality in the QCD sum rules approach [13], we can insert
a complete series of intermediate states with the same
quantum numbers as the current operators Jp, (x) [Jp(x)]

and J (x) [J2:(x)] into the correlation function I, (I13)
to obtain the hadronic representation. After isolating the
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ground states and the first orbital excited states contribu-
tions from the pole terms of the D, D*, and D, (D, D%, and
Dyo) mesons, the correlation function IT}, (IT%) can be
expressed in terms of the strong coupling constants G and
the decay constants f; of the heavy mesons. The explicit
expressions are presented in the appendix. We use the
standard definitions for the decay constants fj,

(o, S £ Fr+ f,0 £ ,) OF the heavy mesons,

2
OLpOID(g)y = 12D
m, +m,
2
Ol 1D, (g = 120
m,. +m

c A

©II20)|D*(q)) = frrmpr€,, ©)
OI72°(0)|D:(@)y = fp:mp;€,,

O1J2(0)|Do(9)) = fD,4
012 (0)Dy(q)) = IDoqu

The quarks ¢ and s have finite and nonequal masses. The
nonconservation of the vector currents Jﬁf (x) and JP(x)
can lead to the nonvanishing couplings to the scalar mesons
Dy, and D, beside the vector mesons D and D*. We can
study the properties of those mesons with the two inter-
polating currents Jﬁ"‘ (x) and J Q (x) in an unified way. Here
we have not shown the contributions from the high reso-
nances and continuum states explicitly as they are sup-
pressed due to the double Borel transformation. The
numerical values of the fractions

2 2 2 2 2 2
My mDS-i-mK My my + my
2 ’ 2
My mp:

are less than 30% and the corresponding spectral densities
for the ground states are greatly suppressed. The tensor
structures with g, are especially suitable for studying the
first orbital excited states D, and D, with the vector
currents. The numerical values of the fractions

2 2 _ .2 2 2 _ .2
mp. + mp — mg mp: + mp — my
2 , 2
My mp:

are about 2. The tensor structures with P, are especially
suitable for studying the ground states D* and D} with the
vector currents.

Now we carry out the operator product expansion near
the light-cone x> = 0 to obtain the representation at the
level of quark-gluon degrees of freedom for the correlation
functions IT), and I12,. In the following, we briefly outline
the operator product expansion for the correlation func-
tions IT}, and II2, in perturbative QCD theory. The calcu-
lations are performed at the large spacelike momentum
regions (g + P)> < 0 and ¢> < 0, which correspond to
the small light-cone distance x> = 0 required by the valid-
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ity of the operator product expansion approach. We write
down the propagator of a massive quark in the external
gluon field in the Fock-Schwinger gauge first [10],

(017T{g:(x1)g,;(x2)}|0) = i 8

ij

4
d*k JT— K+ m
Qm)* k*> — m?

1
- f dvg,G{"(vx; + (1 — v)x,)
0 .

y 1 K+m
[5 (K2 — m2) Tpv

1
- mv(xl - xz);/)’ui”- (7
Here G*” is the gluonic field strength and g, denotes the
strong coupling constant. Substituting the above ¢ quark
propagator and the corresponding K meson light-cone
distribution amplitudes into the correlation functions H}L
and HfL in Egs. (2) and (3) and completing the integrals
over the variables x and k, finally we obtain the represen-
tation at the level of quark-gluon degrees of freedom; the
explicit expressions are presented in the appendix. In cal-
culation, we have used the two-particle and three-particle
K meson light-cone distribution amplitudes [8—12]. The
explicit expressions are also presented in the appendix. The
parameters in the light-cone distribution amplitudes are
scale dependent and can be estimated with the QCD sum
rules approach [8—12]. In this paper, the energy scale w is
chosen to be u© = 1 GeV.

We perform the double Borel transformation with re-
spect to the variables 0 = —(g + P)? and Q3 = —¢? for
the correlation functions H},(z) and HJI(Z) and obtain the
analytical expressions for those invariant functions (ex-
plicit expressions are presented in the appendix).

In order to match the duality regions below the thresh-
olds s, and s;, for the interpolating currents J2 (x)(Jﬁx (x))
and Jp (x)(Jp(x)), respectively, we can express the corre-

lation functions H},(z) and H;(z) at the level of quark-gluon
degrees of freedom into the following form:

I1,0(q% (g + P))

_ , p(s, s")
Jas [ast = G+ -

then we perform the double Borel transformation with
respect to the variables 02 = —(q + P)* and Q, = —¢?
directly. However, the analytical expressions for the spec-
tral densities p(s, s’) are hard to obtain; we need to resort to
some approximations. As the contributions from the higher

twist terms are suppressed by more powers of # or

W, the continuum subtractions will not affect the
results remarkably. Here we will use the expressions in
Egs. (A10) and (A11) for the three-particle (quark-anti-

quark-gluon) twist-3, twist-4 terms, and the two-particle
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twist-4 terms. In fact, their contributions are of minor
importance; the dominating contributions come from the
two-particle twist-2 and twist-3 terms involving the ¢ g (u),
¢,(u), and ¢,(u). We perform the same trick as the
authors of Refs. [10,14] and expand the amplitudes
ok (u), ¢,(u), and ¢, (u) in terms of polynomials of 1 —u,

N
D), 6,0, Dol - G, 0) = byl = )
=0
N /s — m2\k
- ,;)b"<s - q2> L)

then introduce the variable s’ and the spectral densities are
obtained. After straightforward but cumbersome calcula-
tions, we can obtain the final expressions for the double

Borel transformed correlation functions H}L(Z) at the level
of quark-gluon degrees of freedom below the thresholds.
The masses of the charmed mesons are Mp- = 2.012 GeV,
Mp: = 2.112 GeV, Mp = 1.865 GeV, M, = 1.97 GeV,

Mp, = 2.40 GeV, and Mp = 2.317 GeV. The ratios are
Mp,

Mp Mp ~
i = 045, gt = 047, 5% ~ 049, and
Mp, . . .
W 5y 0.45 [15]. There exist overlapping working
windows for the two Borel parameters M7 and M3. It is
. M}
convenient to take the value M = M3, uy = 1o7hm = 3,
1 2
2 MIMG 1. ~
M= = M%‘Jr 1&; = 5 M7; furthermore, the K meson light-cone

distribution amplitudes are known quite well at the value
Uy = % comparing with the values at the end points. We can
introduce the threshold parameter s, and make the simple
replacement,

2+ ug(1— Z 2+ uo(1 — ug)mj
exp{—mc MOEWZ uo)mK}_)exp{_mc ”05‘/[2 uO)mK}

N
ool

to subtract the contributions from the higher resonances
and continuum states [10]. Finally we obtain the following
sum rules:
2 2 2 2
B GD*DXKmD*fD*fD.‘mDJ mp. +mp — my
2

m, + my My
X exp{— ’:;D% - "}Z} =AA;  (10)
B Gpepxmp: fp: fpm3, m%);‘ +mp, — my
m, +m, szj
X exp{— r]r‘zj? - %} = BB; 1)
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2+ mk

2 2 _
Gpp,xMmp*fpfp,mp, Mp- — Mp, exp) — Mp
n m’ P72
me mg D* 1
2 2 2 2 2
Gp:pkmp: fp:fpmp "p: — Mp +mk expl — Mp;
+ m2 P me
m, + m, D 1
2 2 ) 2
Gpp,xkmpfpfpmp, mp + mp — my my,
- + 2 P2
m, + my ms,. :
2 2 2 _ .2 2
_ Gp:pxmp;fp;fomp Mp; + mp — mi M
m, +m m> exp M?
c u D’: 1

The explicit expressions of the notations AA, BB, CC, DD,
EE, and FF are lengthy and given explicitly in the appen-
dix. A slightly different manipulation (with the techniques
taken in Refs. [16,17]) for the dominating contributions
come from the terms involving the two-particle twist-2 and
twist-3 light-cone distribution amplitudes ¢ (u), ¢ ,(u),
and ¢, (u) leads to the sum rules with the same type as in
Ref. [17]. However, those type sum rules are not stable
with respect to the variations of the Borel parameter M?.
Here we will not show the expressions explicitly for sim-
plicity. It is no surprise that the QCD sum rules as a QCD
model have both advantages and shortcomings.

III. NUMERICAL RESULTS AND DISCUSSIONS

The input parameters are taken as m, = (140 £
10) MeV, m, = (1.25*=0.10) GeV, A; = 1.6 =0.4,
fak = (0.45 £ 0.15) X 1072 GeV?, w;=—-12=*0.7,
wy =02=*0.1, a, =025%0.15, a; = 0.06 = 0.03 [8-
12],  fx =0.160 GeV, mg = 498 MeV,
2317 GeV, mp = 1.865 GeV, mp_ = 1.97 GeV. In this
paper, we take the values of the a4 to be zero and explore
the dependence of the strong coupling constants Gp-p g,
Gp:pk> Gp,p,k» and Gp pg on this parameter.

For the threshold parameter sODO, we can use the experi-
mental data as a guide, mp, = 2.40 GeV, Fmoo
283 MeV [15], and choose the values S%O = (6.8 —
7.2) GeV? to subtract the contributions from the high
resonances and continuum states. The mass and width of
the D, from the Belle and Focus collaborations are mp =
2308 = 17 = 15 £ 28 MeV, Ip, =276 £21 £18 *
60 MeV  [18], mp, = 2407 £21 £35MeV, I'p =
240 = 55 = 59 MeV [19]. The predictions from the con-
stituent quark models are mp, = 2.4 GeV [5]. The values
of the mass from the two collaborations have a difference
of about 100 MeV; we take the value mp = 2.4 GeV as
the input parameter. Our final numerical results for the
large strong coupling constant Gp p g support smaller

mD.&O =

PHYSICAL REVIEW D 74, 014017 (2006)

2 2

mp, Gp,p,kf oS D, MD, exp _ ™Mby _ "D _ e (12)
M2 m. + m, MM ’
2 G m2 m2 2
m_g N pwokS Do DMD xp Dzo m_g _ DD (13)
M2 m. + m, M2 M2
2 2 2 2
mp, Gp,p,xfp fDSmD,. mp, Mp,
B v} R XP{‘ - 7} = EE (19)
2 c s 1 2
mp GonDKfDl,ofszD expl— %)‘0 . m_%, — FF. (15)
M% m, + m, M% M% ’

values for the D, if the same mechanism takes place for
both the charmed scalar mesons D and D,. Furthermore,
the strong coupling constant Gp, p g is not sensitive to the
values of the mp , taking the values mp, = 2.4 GeV or
mp, = 2.3 GeV cannot change the conclusion qualita-
tively or quantitatively.

For the threshold parameters s9., s%f, and s%xo, the
experimental values of the masses are mp- = 2.01 GeV,
mp: = 2.112 GeV, and mp, = 2.317 GeV; the widths are
very narrow [15]. We can choose the values of the thresh-
old  parameters  s%. = (4.7 —5.1) GeV?, s%;;
(4.8 — 5.2) GeV?, and s%xo = (7.0 — 7.4) GeV? to sub-
tract the contributions from the high resonances and con-
tinuum states. From Figs. 1-3, we can see that the
numerical values of the strong coupling constants Gpp g
and Gp p g are not sensitive to the threshold parameters 50
in those regions; the values we chose here are reasonable.

4.0 T T T T i T ) ' ' I
35| 2 |
—*x—5=47GeV";
30| - @ SO=4.9GeV2, i
s'=5.1GeV’
25 | i
20 L B e e R —
151 i
10 ! : ' I I
3.0 35 4.0 , 45 ) 50 55 6.0
M*(GeV?)

FIG. 1 (color online).

The G+ p x with the parameters M? and
s9. from Eq. (10).
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95 : T T T T T j T
]
os | —+—5"=6.8GeV> ]
8.0 - oS =7.OGGV2, ]
S st s°=7.2GeV* ]
8 70 7
e s S S
6.0 | ” ’ " :
]
]
45— . 10
M?(GeV?)

FIG. 2 (color online). The G, p g with the parameters M 2 and
s%o from Eq. (12).

The values of the decay constants fp, fp, fp*s fprs [y
and fp  vary in a large range, for example, fp = (0.17 =
0.01) GeV, fp- =(0.24 £0.02) GeV  [10], fp, =
(0.217 = 0.025) GeV, mp, = 2272 GeV [20], fp, 6 =
(0.225 £ 0.025) GeV [21], fp = (0.177 £0.021) GeV,
fp, = (0.205 * 0.022) GeV [22], fp, = (0.17 =
0.02) GeV [23] from the QCD sum rules; f D, =
0.268 GeV, fp- = 0.315 GeV, fp = 0.234 GeV, fp =
0.310 GeV  [24], fp: = 0.375%=0.024 GeV, fp =
0.340 £0.023 GeV  [25], fp=0.238GeV, [fp =
0.241 GeV [26] from the potential models; fp- =
32673 MeV, fp- = 223733 MeV [27] from the quark
models; and fp, = (222.6 * 16.773%) MeV from the ex-

45 . : : : : , : .
l —»— %=6.8GeV> 1
35t e g’=7.0GeV*; -
Sl s'=7.2GeV”, ]
O
52.5 S 4
— \*;.x ° 0o & ° ° ° L
2.0 | —x 5 * * * * 2
15| .
0y : I7 ‘ els sla 10
M*(GeV?)

FIG. 3 (color online). The Gp,p g with the parameters M 2 and
s, from Eq. (14).
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perimental data [28]. For a review of the values of the
decay constants for the mesons D and D, from the QCD
sum rules and lattice QCD, one can consult the second
article of Ref. [9].

We take the following constraints for the decay con-
stants:

%xéx%<1.l’ (16)

and choose the values
fp, = (0.25 £ 0.02) GeV,
fp =1(0.23 = 0.02) GeV,
fp, = (0.225 = 0.025) GeV,
fp, = (0.217 £ 0.020) GeV,
fp: = (0.26 = 0.02) GeV,
fp = (0.24 = 0.02) GeV.

7)

In numerical calculation, we observe that the values of the
strong coupling constants Gpp g, Gp:pk, Gp,p k> and
Gp,pk are sensitive to the six hadronic parameters.
Small variations of those parameters can lead to relatively
large changes for the numerical values. Refining the six
hadronic parameters is of great importance.

The Borel parameters in Eqgs. (10) and (11) are taken as
M? = M5 = (6 — 12) GeV? and M? = (3 — 6) GeV?. In
those regions, the values of the strong coupling constants
Gpp,kx and Gp:p are rather stable from the sum rules in
Egs. (10) and (11) with the simple subtraction, which are
shown, for example, in Figs. 1 and 4-7 for the strong
coupling constant Gp-p . Similar figures can be obtained
if the values of the strong coupling constant Gp:pg are
plotted. We only show the numerical values from the sum
rules in Eq. (10), (12), and (14) explicitly for simplicity.

The Borel parameters in Egs. (12)—(15) are chosen as
M? = M3 = (10 — 20) GeV? and M? = (5 — 10) GeV>.
In those regions, the values of the strong coupling constants
Gp,p,x and Gp pg are rather stable from the sum rules in
Egs. (12) and (13) with the simple subtraction, which are
shown in Figs. 2, 4—6, and 8 for an illustration. However,
the strong coupling constants G, p x and Gp pg from the
sum rules in Eqs. (14) and (15) have a negative sign
compared with the corresponding ones from the sum rules
in Egs. (12) and (13)—and much smaller absolute values.
The fractions

2 2 _ .2 2 2 _ .2
mp. + mp — my mp: + mp — my
2 ) 2
My mp:

are about 2. In the sum rules in Egs. (10) and (11), the
ground state saturate condition can be satisfied safely
below the threshold s%. (s%.). The vector interpolating

current Jﬁ(x) [Jﬁ"‘(x)] has both nonvanishing couplings
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4.0 T T T T T 10.0 T T T r
! +—f_=0.45*107GeV>
W | —a—f =045"107GeV’ | ] S
wof |1, =060110°GeV || ssf |70 EK:g-gg 122@9\/2;
-0 20*1 (1 20e\ /2 s, =0.30*10"GeV".
f,=0.30"107GeV". Se0 *
25 : - 0] 75
O B o 67,0.
201 \*\:\:\:\E b5t ——
15k i 6.0
ssf e ¢ .
1.0 L L L 1 1 50 1 1 ! |
3.0 35 4.0 " 45 5 5.0 55 6.0 5 6 72 g 9 10
M (GeV’) M?(GeV?)

FIG. 4 (color online). The Gp+p g and Gp, p g With the parameters M? and fsx from Eq. (10) and (12), respectively.

40 ; ; , . . 10.0 . . T T
951 1
sS5f —x—f =0.25GeV; 1 aof —+—f =0.25GeV, 1
ol o f 20.27GeV; ] s} o f 20.27GeV; ]
2 S
f =0.23GeV. o} f =0.23GeV. ]
25p > 1 %7-5 r . T
o \ O] 70 _ 4
e I S e Qs
15l | (0] *-e
551 b
1.0 1 1 1 1 1 50 1 1 1 1
3.0 35 4.0 ) 4.5 ) 5.0 5.5 6.0 5 6 72 28 9 10
M*(GeV?) M*(GeV")

40 . r T T T 10.0 T T T T
95}
a5 —+—2a,70.25; ] ool
0 3,=0.40; ol —*—2a,70.25;
30 2,20.10 : T ~e-2,20.40;
4 a,=0.10.
25) g O 75k
0 I~ 67 0l
—_ |
20p T — ] 65— —t— — 4
----- T . S S
sk R L F— 4 6.0
551
10 1 1 1 1 1 50 1 1 1 1
30 35 40 45 50 55 6.0 6 7 ) g 9 10
M*(GeV?) M*(GeV?)

FIG. 6 (color online). The Gp+p g and Gp p g With the parameters M? and a, from Eq. (10) and (12), respectively.

to the vector state D* (D7) and to the scalar state Dy (D).
There are two hadronic states: the ground state D* (D7) and
the first orbital excited state Dy (D) in the channel cu (¢s)
below the threshold 59, (s, ). The ground states D* and
Dj are not suppressed due to the factor 2. The sum rules in
Eqgs. (14) and (15) are not suitable for studying the strong
coupling constants Gp p g and Gp pg; our final numerical

values support this assumption. We show this fact in Fig. 3
for an illustration.

We determine the values of the strong coupling con-
stants Gp+p g and Gp:pg from Egs. (10) and (11), respec-
tively, then use those values as the input parameters and
calculate the values of the strong coupling constants
Gp,p,x and Gp pg from the Egs. (12)—(15), respectively.
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4.0 T T T T T
35 7
—*—f.=0.24GeV;
30l e f.=0.26GeV; .
f=0.22GeV.
25 1
O \*\t
15 1
1.0 | 1 1 1 L
3.0 3.5 40 45 50 5.5 6.0
M*(GeV?)

FIG. 7 (color online). The Gpp g with the parameters M 2 and
fp+ from Eq. (10).

The uncertainties of the five parameters w4, w3, A3, m,,
and a; cannot lead to large uncertainties for the numerical
values. The main uncertainties come from the ten parame-
ters fg, my, az, M4, fp, fo*> fprs fys f,» and fp 5 small
variations of those parameters can lead to relatively large
changes for the numerical values, which are shown in
Figs. 4-8 for illustration.

Taking into account all the uncertainties, we obtain the
numerical results for the strong coupling constants:

9.0 T T T T

8¢ —+—f =0.217GeV; 1
s0f o 20.237GeV;|
 '=0.197GeV.

0

PHYSICAL REVIEW D 74, 014017 (2006)
Gppx = 202555,

— +0.91
Gpipx = 1.84709)

GDOD:K = 65t%§ GCV, (18)
GDXODK = Sgtig GCV,

which are shown in Figs. 9 and 10, respectively.

The strong coupling constants Gp+p x,» Gp:pk» Gp,p, k>
and Gp_pk can be related to the parameters g and 4 in the
heavy-light Chiral perturbation theory [29,30],

m% — m3 |hl 2 /mpnty

Gspyr = fmsmp r Gypr = fig-

s
Here, the S are the heavy scalar mesons with 0", the P are
the heavy pseudoscalar mesons with 07, the V are the
heavy vector mesons with 17, and the 7 stand for the light
pseudoscalar mesons.

The parameter g has been calculated with the light-cone
QCD sum rules [31-33], the quark models [34,35] and
extracted from the experimental data [36,37]. The values
vary in a large range. The corresponding values of the
strong coupling constants Gpp g and Gp:pg in the
SU(3) limit for the light pseudoscalar mesons are listed
in the Table. I. From the table, we can see that our numeri-
cal results are compatible with the existing estimations,
although somewhat smaller.

The values of the strong coupling constants Gp x and
Gprpk are sensitive to the nonperturbative parameter ay. If
we take a larger value rather than zero, larger values of the

10.0 T T T T

951

ol —*—m=0.14GeV;
a5l —e-m=0.15GeV;
a0l m.=0.13GeV.
% 751
Y
~T70F

"""" L Sy wn—w—
551 4 55k
e e e S B S
M%(GeV?) M?(GeV?)
10.0 T T T
95k -
9.0F . 774=0-6; ]
85 L -
8o} - 0,708, -
E 75k 774=0-4- 4
@ 7op .
p5f T —— —
6ol * ® L * @ * ® L 4
550 ]
5'05 ; 7|2 2;3 : 10
M*(GeV’)

FIG. 8 (color online). The Gp, p x with the parameters M? and fp,, m;, m, from Eq. (12).
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FIG. 9 (color online). The (a) Gpp g and (b) Gpepg with the parameter M? from Eq. (10) and (11), respectively.

12 T T T T

1p i
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o, ]
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Osl e
5F 4
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35 (IS : : s'a 10

72 28
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FIG. 10 (color online). The (a) Gp,p x and (b) Gp pgx With the parameter M? from Eq. (12) and (13), respectively.

GD*D:K and GD?DK are obtained. The GD*D:K and GD;DK
are more sensitive to the a, comparing with the Gp p g and
Gp,p K Whlch are shown in Fig. 1 1 I.n fact, the largest
uncertainties come from the uncertainties of the ay4; they

TABLE I. Numerical values of the parameter g, and the cor-
responding values of the strong coupling constants G+ x and
Gp:pk in the SU(3) limit. Here we have double the values of our
numerical results and the ones from Ref. [38] due to the
difference between the definitions for the strong coupling con-
stants.

lgl Gpp.x Gpipk Reference
0.38 = 0.08 9.5*2.0 9.4+20 [29]
6.04 £ 0.28 5.68 = 0.62 [38]
0.34 = 0.10 85*x25 84*+25 [31]
0.28 7.0 6.9 [32]
0.35+0.10 87*x25 87*x25 [33]
0.50 = 0.02 12.4 £ 0.5 12.4 £ 0.5 [34]
0.61 15.2 15.1 [35]
0.59 = 0.07 14.7 = 1.7 14.6 = 1.7 [36]
0.27+9% 6.743 6.7743 [37]
0.167591 4047198 3.687 182 This work

are ideal channels to determine this parameter directly
from the experimental data. Once the experimental data
for the values of the strong coupling constants Gp x and
Gp:pk are available, powerful constraints can be put on the
range of the parameter a,. If we take the values from the
QCD sum rules as input parameters [38], Gpp x =
3.02 £ 0.14 and Gp:pgx = 2.84 + 0.31, very large values
of the a, are obtained.

The parameter / has been estimated with the light-cone
QCD sum rules [30], the quark models [35], Adler-
Weisberger type sum rules [39], and extracted from the
experimental data [40]. The values are listed in Table II.
From those values we can estimate the values of the
corresponding strong coupling constants Gp p x and
Gp,,pk in the SU(3) limit for the light pseudoscalar me-
sons. The value of the dimensionless effective coupling
constant I'/k = 0.46(9) from Lattice QCD [42] is some-
what smaller than the values extracted from the experi-
mental data I'/k = 0.73723. Here the T is the decay width
and the k is the decay momentum. Our numerical values
Gppx = 65718 GeV and Gp px =5.9%}7 GeV are
compatible  with the existing estimations in
Refs. [30,35,39,40], although they are somewhat smaller
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FIG. 11 (color online). The (a) Gpp x> (b) Gp:pk, (¢) Gp,p k> (d) Gp px With the parameters M? and a4 from Eq. (10)—(13),

respectively.

compared with the values obtained in Ref. [17] with the
scalar interpolating current for the D, meson, and they are
about 2-3 times as large as the energy scale Mp =
2.317 GeV and favor the hadronic dressing mechanism.
For a short discussion about the hadronic dressing mecha-
nism, one can consult Ref. [17], or one can consult the
original literatures for the details [6,7].

The large values of the strong coupling constants Gp, p
and Gp pg obviously support the hadronic dressing
mechanism, the Dy and D, (just like the scalar mesons
f0(980) and a,(980), see Ref. [16]) can be taken as having
small scalar cit and c5 kernels of typical meson size with

TABLE II. Numerical values of the parameter & and the cor-
responding values of the strong coupling constants Gp, p x and
Gp,,pk in the SU(3) limit.

|h| Gp,p.k(GeV) Gp pk(GeV) Reference
0.881236 9.4728 9.3727 [17]
10.203 [41]
0.536 5.7 5.68 [35]
0.52 =0.17 5518 5518 [30]
<0.93 <9.9 <9.86 [39]
0.57 — 0.74 6.1-79  60—78 [40]
0.617317 (or 0.56721%)  6.571% 5.9%17  This work

large virtual S-wave DK and DK cloud, respectively. In
Ref. [41], the authors analyze the unitarized two-meson
scattering amplitudes from the heavy-light chiral
Lagrangian and observe that the scalar meson D, appears
as the bound state pole with the strong coupling constant
Gp,px = 10.203 GeV. Our numerical results Gp pgx =
59717 GeV are smaller; the values of our previous work
Gp,pk = 9.31“%} GeV with the scalar interpolating cur-
rent are more satisfactory [17].

IV. CONCLUSIONS

We have analyzed the vertices D*D,K, DiDK, DyD,K,
and D DK within the framework of the light-cone QCD
sum rules approach in an unified way. The strong coupling
constants Gpp x and Gp:pg are important parameters in
evaluating the charmonium absorption cross sections in
searching for the quark-gluon plasmas. Our numerical
values of the Gpp x and Gp:pg are compatible with the
existing estimations although somewhat smaller—the
SU(4) symmetry breaking effects are very large, about
60%, the approximation of the SU(4) symmetry Gpp x =
Gp:px = 5.0 is not suitable [3]. For the scalar mesons Dy
and Dy,, we take the point of view that they are the
conventional cii and ¢§ meson, respectively, and calculate
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the strong coupling constants Gp p ¢ and Gp pgx Within
the framework of the light-cone QCD sum rules approach.
The numerical values of the scalar-D K and scalar-DK
coupling constants Gp, p x and G pg are compatible with
the existing estimations although somewhat smaller; the
large values support the hadronic dressing mechanism. Just
like the scalar mesons f;(980) and a((980), the scalar
mesons D, and D,y may have small cii and c5 kernels of
typical cii and ¢5 mesons size, respectively. The strong
coupling to virtual intermediate hadronic states (or the
virtual mesons loops) can result in smaller mass than the
conventional scalar mesons cii and c5 in the constituent
quark models and enrich the pure states cii and c¢5 with
other components. The D, and D,, may spend part (or
most part) of their lifetime as virtual D;K and DK states.
Furthermore, we studied the dependence of the strong
coupling constants Gp+p g and Gp:pg on the nonperturba-
tive parameter a4 of the twist-2 K meson light-cone distri-
bution amplitude. The values of the strong coupling

|

PHYSICAL REVIEW D 74, 014017 (2006)

constants Gpp g and Gp:pg are more sensitive to the ay
compared with the Gp p x and Gp pg. The largest uncer-
tainties come from the uncertainties of the ay; they are the
ideal channels to determine the parameter directly from the
experimental data. Once the experimental data for the
values of the strong coupling constants Gp-p g and
Gp:pk are available, powerful constraints can be put on
the range of the parameter ay.
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APPENDIX

The explicit expressions of the correlation functions H}L
and Hi in the hadronic representation,

_(01J21D*(g + P)XD"D, | KXDi(@)lJp, | 0) N 012 | Dy(g + P)XDyDy | KXD(q)lJp, | 0) b

1
th i, — (g + PRy — @) T, — (@ + PPy — @)
GD*D,\.KmD*fD*fD,\.mzz)S (P—q)- €€, Gp,p.xf D,/ D, m%)j (g+P)y
(me + m){mY. — (g + Py, — > (me + m{mp — (g + P)?Hmp — ¢°)
B Gpp,xMp [+ fp,mp, mpy. — mp_+ my Gpyp,kf oS D, MD,
B {(mc + mH{mp. — (q + P)*Hmp_— ¢°) mpy. (me + m){mp, — (g + P)*Hmp, — qz)]'q“
n {_ GD*DSKmD*fD*fDSm%)S M. + m%)s — mg + GDODSKfDOfDSm%)X }P
(m. + m§mp. — (g + P)}(mp, — ¢%) mpy (m, + mf{mp, — (g + P }mp_—¢»)] *
T (A1)
m - (0172 | Di(g + PXDID | KXD(9)p 10) (0 1Ty | Dyolq + P)XDyD | KXD(gp 1 0)
{m. — (g + P)*}mp — ¢) {mp,, — (g + P)’Hmp — ¢%)

GD:DKmD:ijfDm%)(P —q)- €€,

Gp kS, omp(g + P),

" met m ), — (@ PPYOn, = @) (me + m)m,, — (q + PP — )

_ { GDjDKijfD;:fDm%) szr —mp + my n GDSODKfDSQfszD }q
(me + m,){m3. — (g + P)Hmp — ¢°) mp: (m, + m){mp, = (g + PY*}mp, — ¢»)] ™"
2 2
{_ Gp:px™mp:fp:fpmp mp. +mp — my Gp xS, fpMD }
e + m)n, — (g + PRl — ) e + mo, — (g + PRI — )] #

+ ...

(A2)

The explicit expressions of the correlation functions H}L and Hi at the level of quark-gluon degrees of freedom,
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11 = g [~ 00— b0t |+ e [ [

1ag (v—3)T(a a,, ay)
+f3"’"’<f d”f da f ST T (1~ va, + ayPF —mlp

i ) o (1B P(1—-a—-BpBa
g [ v [[de [ ap [ dap S

1 1 1-a, a, 1 -a—a,a,a)
amefon | av [ da [ day [ " dage e (A9
ek (U, udw) 0 fond a4
# P = L et [ [ s < T [ }
1 2mg bk m%(m% A(u)
S PR e ey | R I et ol ey

, (! 1 I—a, [0 = v)a, + a,]Qv = 3)T(a,, a,, a,)
+f3Kij;) dvﬁ) dagf() da, g + (I — v)ag + a,) PP — m2p?

1 1 1-a, d 1
~2 d d daT(ay, a, ) —
fSK];] UU];] agﬂ) A (au ag a)du (q 4 MP)2 _ m% u=(1-v)ay +a,

B 1 1 @, -8 (1 —va )®(l —a— B, B a)
4meKm‘}(ﬁ) dvv[0 dagj; d,B[ da Ta (0 —va)PE —nif

I . N iy a((l —v)a, + a)P(l — a — a,, a, a)
R R R R A PR (e e

g [ [ [ e )

2 =1Lu<1-ua, - a. (A4)

The light-cone distribution amplitudes of the K meson,

1 ) 2
©1a(0)y, y5sWIK(P)) = if P, ﬁ due-l”P'x{soK(u) +

ix,
2P

A(u)} + fxm% f due "P*B(u),

2
OlO)iyss K (P) =5 [V e, ),

s

2
0l#(0)o ,, yss()K(P)) = i(P,x, — Pyxu)f g’f’f L ' due P (),

<0|ﬁ(o)a-aﬁ’}/SgsG,uy(vx)s(x)|K(P)> = f3K{(P,uPag1J;ﬂ - PVPaglJ;ﬂ) - (PM,P,BgIJ/-a - PVPBg;JZa)}
X [ Dagaelagyeimetves,

Pax,B_PBxa

(O1(0)7,4758,Gap (RS WIK(P)) = P, B

me%(/DaiAll(ai)e_iP'X(aﬁmg) + fxmix(Pggap — Pupy)

X [DaiAi(a,i)e*iP'x(aervag)’

~ P.x Pgx,
(018007 .8, Gap(vx)s () K (P) = P, —*=20—E= fem} f DaVi(ae "1t + fxmi(Ppga, = Pagpy)
X fDaivi(ai)e_’P'x(as+vag)’ (A5)

where the operator GNC,B is the dual of the G, G~aﬁ = %Ga/awG’“’, Dea; is defined as Da; = dadarda;6(1 — ay —
a, — a3), P(ay, ay, a3) =A; + V) + A+ V), and ¥(a,, ay, a3) = A + V) —2A, — 2V, . The light-cone distribu-
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tion amplitudes are parameterized as
b, w) = 6u(l — w1l + a;C*Qu — 1) + a,C3*Qu — 1) + a,CV*Qu — 1)},
5 27 81
gl ) =1+ {30773 - Epz}cyz(zu —1)+ {—3173«»3 ~ 50— Epzaz}qﬂ(zu -1,

1 7 3
@o(u, p) = 6u(l — M){l + [5773 M3 %Pz - gpzaz}ci/z@u - 1)},

1
T(a; p) = 360auasa§{1 + Ml — ay) + 035 (Ta, - 3)},

Vi, u) = 120a,a,a,(vy + vip(3a, — 1)),

Ayla;, p) = 1200, a,a,a,0(a, — ay,),
I g“10 ; (A6)
Vila, n) = —30a§{h00(1 —a,) + hola,(l — a,) — 6a,a,] + h10|:ag(1 —a,) — E(aﬁ + a%)}},
1
Aslar, 1) = 30a3(ar, = ) oo + hotg + 5 ofSexg =3,
16 24 20 117 10 7 a5
Au, u) = 6u(l — u){g + P +20m; + ?n4 + [_B + T ﬁm;}cz/ Qu—1)
11 4 3/2 18 3 2
|:_ 2—1002 - ﬁ’r)3w3:|c4 (2” - 1)} + {_ ?az + 217”4(1)4}{21[ (10 — 15u + 6u )logu
+ 23 (10 — 15i + 6@?) logii + uit(2 + 13uii)},
gx(u, 1) = 1+ 2,6, 2u — 1) + g4C;(2u — 1),
B(u, p) = ggu, p) — pi(u, p),
where
N4 21 9 21 7 3
hoo = voo = — 3 ap = g N4ws — %az, Vip = g T4 Wy, ho1 = 17740)4 - 2—002, A7)
7 3 18 20 9
h10=§n4w4+2—0a2, 8 = 1+7a2+607]3 +?774, 84 = _§02_6773‘”3’

where Cl/z, Cl/z, and C2/? are Gegenbauer pol nomials, 15 = L 7q+2 s and p? = —’E [8-12].
2 4 2 g poly M fx M p M
. K

The explicit expressions of the Borel transformed correlation functions B MHL and B MHi in the hadronic representa-

tion,
2 2 2 2 2 2 2 2
B — {GD*DSKmD*fD*fDSmDS mp. —mp + my exp{ ms. me} Gpyp,kfDofD,MD, { mp, mDSH
mlly = 2 Y7 YY) T2 (4w
m, + my L M: M; m, + my M; M;
2 2 ) 2 2
{_ Gpep,xmp*fp-fp,mp mp. + mp — mg exp{— My mDs}
2 2 2
m. + my my. My M;
Gp,p,xf .S D, M7 mi mi
D, D D,
+ ZDoDK D/ DD, ] o Dellp, 4o, (A8)
m, + my M7 M;
2 2 _ 2 2 2 5 2 2 2
B — {GDjDKmD}’ijfDmD mp. — mp + mg xp{— Mp; _mp) Gp,pkSpofDMD expl — ™D _ ™MD ‘
mtly — 2 2 2 2 2 I
m. + m, np. M;  M; m. + m, My M3
> 2 2 _ .2 2
2 2 2
me + my mD? Ml M2
Gp oxfp,fpmi m%) mj
+ =0 50 D expl— > —g P, A+ (A9)
m, + m, M7 M;
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Here we have not shown the contributions from the high resonances and continuum states explicitly for simplicity.
The explicit expressions of the Borel transformed correlation functions B, 11 }L and B MHfL at the level of quark-gluon
degrees of freedom,

ByTll, = ¢ exP{ up(l — Uo)mK + mc}{meKM2|:
“

b, (o) — —— b, (uoﬂ T mof s ﬁ " d1B(7)

6d "o
[2(61’ )_ ]T(au’ Qg as)
_szme daf 2g £
ug—a Clg
2 1 Qg 1- 1- b1 —a— B, B,
2 (1 [ g [ gq L0 B
M 1—u, 0 0 ag

2 4 I—u ” a, 1 1-a, o, 1 —-a— a, a,
+L’§mk[f Odagfo dasf da+f dagf dasf da} ( 2 %% a)}
M 0 Uy —a, 0 1—u uy—ay 0 a,

ug(1 — ug)m% + m? mM? o

+P, exp{ %o 1(‘)/[2 K HfK K uyp ,(up) + mchm%(uoﬁ dtB(t)

m3 d m2m2A(ug)
_ Jxm b (g)M? + ——ugp(ug)M?* + 2mi 5 (o) | + mef| — Plug)M* + K720

6my duy aM
1= aS T(auy agy as)
+ 3u0f3KmK da _
Qg
d 1- ax + a, —
+ 2ng[M i - uomk}f day f #T(aw a,, ay)
uy—ay oy,
B 2uomc];KmK /1 der, /“g B ]1_3 da (1 = up)P(1 _za - BB a)
M 1—up 0 0 a;
+ 2] KM 2Km‘}{ [[huo da, [ dag f da + fl da fl_ag dag /ax da} *A ~a-apaga)
M uy—a, 1—ug uy—ag 0 a,
1- aS ‘If w o
+ g fim f da, / (@, ap a,) } (A10)
uy—a a’g
BMHfL = BMH}L(M —1—-ua, < a,. (A11)
M? M>M?
Here uy = 3257 M? = el

The explicit expressions of the notations AA, BB, CC, DD, EE, and FF,

ug(1 — ug)m% + m> SO (fxmeM
AA = {exp{— 0 ](‘)/[2 A } - GXP{ A%}H A mK ”0¢p(uo) mefx b (ug)M?
m2 d uo(1 — ug)my + mg “
LR M + () + 2m%¢g<uo>}} +exp| — R o [ aeB ()
Frmim3A(ug) e T(a, ag, o)
+ 1+ 3M0f3Kme da [
4M2 U ag
d e, @ + a, — u Quom,.frmy
+ 2f3x| M? — — d a,t———T(a, a, a,) - ——5—~
f3K|: d uOmK:|f @ ﬁto a aé (au &g X ) M2

1 a -8 (1 —ug)®(1 — a— B, B, Duom femd T (1-u " .
X f da, [ “dp / do LT —a =B pa), ”(’m{KmK[ / ' de, f " da, [ da
1—uq 0 a, M 0 uy—a, 0

1 l1-a, @ d(1 — , , 1—a; N4 w » B
+f dag[ da f da} (I-a-apa “)+mLmeK[ da, f M}; (A12)
1—uy uy—a Clg ag

g
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BB = {exp{— to(1 = MX/[)T%( * mf} - CXP{— %”{fl{mKMz u0¢p(u0) mefx pxug)M* — %[@;WO)MZ

d uy(1 — ug)m% + m?2 o FremZm3A(ug)
* oo W) + 2 ) ||+ expl — U Hmchmﬁuo [ army + L)

l-a, T(au,a a;) , d )
+3u0f3Kme a'af " +2f3K|:M d—uo—uomK:|

8
l-a a, +a; — ug 2ugm,fxmy
s K
f da, f T(a,, ag ay) — ————
u

0 Ay CY§ ‘ M2
! a - 1— up)®(1 — o — B, B, Qugm, fxm’ [ [1-u ’ a,
x[ dag[ d,B[ figl - —a=ppa), ”Om];KmKU Odagfo dasf da
11 0 0 a; M 0 Uy —arg 0
1 1-a, @, d(1 — , @y, e V(a,,
+] dag] ' das] dai| ( A7 Gp % a)+mLmeK] dag j M} ;
1—uy Ug—ag 0 a, Up—ay A, aseo,
(A13)
uo(1 — ug)mz + m? 59 maM?
CcC= {exp{— 0 ](‘)42 K } - CXP{_%HJCK mK ‘{d)p( 0) ¢a'(u0)}
1— 2 + 2 1- U(S 2 - T w , g
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