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Abstract. In this work the D∗s2(2573)+D+K0 vertex is studied and the coupling constant
corresponding to the D∗s2(2573)+ → D+K0 transition is calculated. The calculation is
performed using three point QCD sum rules method and the value of the coupling constant
is obtained as gD∗

s2
DK = (12.85± 3.85) GeV−1. The coupling constant is also used to calculate

the decay width and the branching ratio of the considered transition.

1. Introduction
The orbitally excited charmed meson was firstly observed in 1986 [1] and the following past few
decades have been an era of the observation of them [2, 3, 4, 5, 6, 7, 8, 9, 10, 11]. During these
period there also have been several theoretical studies on the masses, strong and electromagnetic
transitions of these mesons (See for instance the Refs. [12, 13, 14, 15] and the references there
in). Although D∗s2(2573) meson’s quantum numbers are not exactly known the width and decay
modes of the D∗s2(2573) state favors I(JP ) = 0(2+) quantum numbers. Therefore in this work
we consider it as a charmed strange tensor meson.

If one compares with the other types of mesons, in literature there are little theoretical studies
on the properties of the tensor mesons. In order to gain useful information about the nature
and internal structure of tensor mesons, the studies on the properties of these mesons may be
helpful. This type of studies may provide a way to test the assumptions of some theoretical
calculations and understand the experimental results. In the decays of B meson, the charmed
tensor mesons appear as an intermediate state, therefore this type of work may also be helpful
to gain information about the B meson. The possibility for a search on the decay properties of
D∗s2 meson provides us with another motivation to study the properties of these mesons.

This work presents the analysis of the D∗s2(2573)+D+K0 vertex. The coupling form factor
gD∗s2DK for the considered vertex is calculated using QCD sum rules method [16]. In section
2, we present the details of the calculation made for coupling form factor. Section 3 presents
numerical analysis of the coupling constant and the decay with of considered decay.
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2. QCD sum rules for the strong coupling form factor
In order to obtain the coupling form factor gD∗s2DK we use the following three-point correlation
function:

Πµν(p, p′, q) = i2
∫
d4x

∫
d4y e−ip·x eip

′·y 〈0|T
(
JD(y) JK(0) J

D∗
†

s2
µν (x)

)
|0〉, (1)

were T is the time ordering operator. The JD, JK and J
D∗s2
µν are the interpolating fields and can

be written in terms of the quark field operators as: JD(y) = id̄(y)γ5c(y), JK(0) = is̄(0)γ5d(0)

and J
D∗s2
µν (x) = i

2

[
s̄(x)γµ

↔
Dν (x)c(x) + s̄(x)γν

↔
Dµ (x)c(x)

]
where

↔
Dµ (x) is two-side covariant

derivative.
The correlation function given in Eq. (1) can be calculated following two different ways. It

is calculated in terms of hadronic parameters and this side is called as the physical side of the
calculation. And also it is calculated in terms of quark and gluon degrees of freedom by the help
of the operator product expansion (OPE) in deep Euclidean region which is the theoretical or
QCD side. The match of coefficients of same structure obtained from both sides leads us to the
QCD sum rules for the intended physical quantity. To supress the contribution of the higher
states and continuum double Borel transformation with respect to the variables p2 and p′2 is
applied.

To get the physical side one inserts complete sets of appropriate hadronic states into the
correlation function with the same quantum numbers as the interpolating currents and obtains:

Πhad
µν =

〈0 | JK | K(q)〉〈0 | JD | D(p′)〉〈D∗s2(p, ε) | J
D∗s2
µν | 0〉

(p2 −m2
D∗s2

)(p′2 −m2
D)(q2 −m2

K)
〈K(q)D(p′) | D∗s2(p, ε)〉+ · · · , (2)

By the usage of the explicit expressions of matrix elements appearing in Eq. (2) which can be
parameterized in terms of the leptonic decay constants and strong coupling constant, and after
a straight forward algebra one obtains the final form of the correlation function after double
Borel transformation (for details see Ref. [17]):

In OPE side, we substitute the explicit forms of the interpolating currents into the correlation
function Eq. (1) and after contracting out all quark pairs via Wick’s theorem, we get

ΠOPE
µν =

i5

2

∫
d4x

∫
d4ye−ip·xeip

′·y
{
Tr
[
γ5 S

ji
d (−y)γ5S

i`
c (y − x)γµ

↔
Dν (x)S`js (x)

]
+ [µ↔ ν]

}
, (3)

where Si`c (x), S`js (x) and Sjid (x) are the heavy and light quark propagators. After some straight
forward calculations (for details see Ref. [17]) for this side we obtain the results in the form;

ΠOPE
µν (p, p′, q) = Π1(q

2)pµpν + Π2(q
2)pνp

′
µ + Π3(q

2)pµp
′
ν + Π4(q

2)p′µp
′
ν + Π5(q

2)gµν , (4)

with same dirac structures as in physical side. Since the results are lengthy they will not be
given here explicitely.

Equating the coefficients of the same Dirac structure obtained from both sides of the
correlation function which is pµp

′
ν in our case, one gets the following sum rules for the coupling

form factor

gD∗s2DK =
e

m2
D∗
s2

M2 e
m2

D

M′2 6(mc +md)(md +ms)(m
2
K − q2)mD∗s2

fD∗s2fDfKm
2
Dm

2
K

[
m4
D +m2

D(4m2
D∗s2
− 2q2) + (m2

D∗s2
− q2)2

]
×

{∫ s0

(mc+ms)2
ds

∫ s′0

(mc+md)2
ds′e−

s
M2 e

− s′

M′2 ρpert3 (s, s′, q2) + B̂Πnonpert
3 (q2)

}
, (5)

where s0 and s′0 are continuum thresholds, M2 and M ′2 are the Borel mass parameters and
ρ3(s, s

′, q2) = 1
π Im[Π3].
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3. Numerical Results
For the numerical analysis we used the following input parameters mc = (1.275±0.025) GeV [18],
md = (4.8+0.5

−0.3) MeV [18], ms = (95 ± 5 )MeV [18], mD∗s2(2573)
= (2571.9 ± 0.8) MeV [18],

mD = (1869.62±0.15) MeV [18], mK = (493.677±0.016) MeV [18], fD = (206.7±8.9) MeV [18],

fK = (156.1 ± 0.2 ± 0.8 ± 0.2) MeV [18], fD∗s2(2573) = (0.0230 ± 0.0011) [14], 〈αsG2

π 〉 =

(0.012± 0.004) GeV4.
Borel mass parameters M2 and M ′2 and continuum thresholds s0 and s′0 appearing in our

results are auxiliary parameters, which are not physical parameters. Therefore we need to
determine the working regions of them from our analysis seeking weak dependency of our results
on them. From our analysis we obtained their working regions as 8.5 GeV2 ≤ s0 ≤ 9.4 GeV2,
4.7 GeV2 ≤ s′0 ≤ 5.6 GeV2, 3 GeV2 ≤M2 ≤ 8 GeV2 and 2 GeV2 ≤M ′2 ≤ 5 GeV2.

The coupling constant is defined as the value of the form factor at Q2 = −q2 = −m2
K

which is outside of the reliable region of our sum rules calculations. Therefore to extend

our result we use the fit function gD∗s2DK(Q2) = c1 exp
[
− Q2

c2

]
+ c3 where Q2 = −q2

and obtain the fit parameters, c1 = (12.03 ± 3.61) GeV−1, c2 = (12.73 ± 3.18) GeV2 and
c3 = (0.81 ± 0.24) GeV−1 from our analysis. And from the fit function we obtain the coupling
constant as gD∗s2DK(Q2 = −m2

K) = (12.85± 3.85) GeV−1.
After determination of the coupling constant the final task of our work is to obtain the decay

width and the branching ratio of the considered transition using the value of the coupling
constant and the decay with formula given in Ref. [17]. The decay width is achieved as
Γ = (1.84 ± 0.48) × 10−3 GeV and using the total width of the initial particle, ΓD∗s2(2573)0 =

(17± 4) MeV [18], the branching ratio is obtained as BR = (1.08± 0.27)× 10−1.
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