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Abstract. Based on the assumption that D∗sJ (2317) and DsJ (2460) are the (0
+, 1+) chiral partners of Ds

and D∗s , we evaluate the strong pionic and radiative decays of D
∗
sJ (2317) and DsJ (2460) in the constituent

quark meson (CQM) model. Our numerical results of the relative ratios of the decay widths are reasonably
consistent with the data.
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1 Introduction

The new discoveries of exotic particles D∗sJ (2317) and
DsJ (2460), which possess spin–parity structures of 0

+,
1+ respectively [1–3], attract great interest of both the-
orists and experimentalists of high energy physics. Some
authors [4] suppose that D∗sJ (2317) and DsJ(2460) are
(0+, 1+) chiral partners of Ds and D

∗
s i.e. p-wave excited

states of Ds and D
∗
s [5]. Narison used the QCD spec-

tral sum rules to calculate the masses of D∗sJ(2317) and
DsJ (2460) by assuming that they are quark–antiquark
states and obtained results which are consistent with the
data within a wide error range [6]. Beveren and Rupp also
studied the mass spectra [7] and claimed that their results
support the cs̄ structures for D∗sJ (2317) and DsJ(2460).
Meanwhile, some other authors suggest that D∗sJ(2317)
and DsJ (2460) can possibly be four-quark states [8–11].
Very recently Close and Swanson highlighted several key
issues concerning the determination of the properties of
D∗sJ (2317) andDsJ(2460) [12]. Thus, one needs to try var-
ious ways to understand the structures of D∗sJ(2317) and
DsJ (2460). In general, one can take a reasonable theoret-
ical approach to evaluate related physical quantities and
then compare the results with the data to extract useful in-
formation. One can determine the structures ofD∗sJ(2317)
andDsJ (2460) by studying the production rates of the ex-
otic particles, and our recent work [13] is just about the
production ofD∗sJ (2317) in the decays of ψ(4415).
Recently, several groups have calculated the strong and

radiative decay rates ofD∗sJ(2317) andDsJ (2460) in differ-
ent theoretical approaches: the light cone QCD sum rules,
constituent quark model, vector meson dominant (VMD)
ansatz, etc. [14–20]. For a clear comparison, the results by
different groups are listed in Tables 2 and 3. The authors
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of [9, 21] also calculated the rates based on the assumption
that D∗sJ(2317) and DsJ(2460) are in non-cs̄ structures.
Their predictions on the D∗sJ (2317) and DsJ (2460) decay
rates are obviously larger than that obtained by assum-
ing the two-quark structure by orders. Thus studies on the
strong and radiative decays with other plausible models
would be helpful. It cannot only deepen our understand-
ing about the characters of these particles but also test the
reliability of models which are applied to calculate the de-
cays. BecauseDsJ(2632) was only observed by the SELEX
collaboration [22], but not by Babar [23], Belle [24] and
FOCUS [25], its existence is still in dispute, so here we do
not refer to decays ofDsJ(2632).
In this work, we study the strong and radiative de-

cays ofD∗sJ(2317) andDsJ(2460) in the framework of con-
stituent quark meson (CQM) model. CQMmodel was pro-
posed by Polosa et al. [26] and has been well developed
later based on the works of Ebert et al. [27] (see [26]
for a review). The model is based on an effective La-
grangian which incorporates the flavor–spin symmetry for
heavy quarks with the chiral symmetry for light quarks.
Employing the CQM model to study the phenomenol-
ogy of heavy meson physics, reasonable results have been
achieved [28, 29]. Therefore, we believe that the model is
applicable to our processes and expect to get relatively re-
liable conclusions.
The constraint from the phase space of the final

states forbids the processes D∗sJ (2317)→ Dsη(η
′) and

DsJ(2460)→ D∗sη(η
′), so that the only allowed strong

decay modes are D∗sJ (2317)→ Dsπ
0 and DsJ(2460)→

D∗sπ
0. In principle, DsJ(2460)→ D∗sJ(2317)+π

0, which
is a 1+→ 0++0− process, is allowed by the phase space.
However, it is a p-wave reaction, and the total rate is pro-
portional to |p|2, where p is the three-momentum of the
emitted pion in the center-of-mass frame of DsJ(2460). In
this case |p| is very small (about ∼ 28MeV), so that this
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process can only contribute to the total width a negligible
fraction, in practice.
The aforementioned strong decay modes obviously vi-

olate isospin conservation. Therefore the decay widths of
D∗sJ (2317)→Dsπ

0 andDsJ (2460)→D∗sπ
0must be highly

suppressed. Moreover, direct emission of a pion is OZI sup-
pressed [30].
Cho et al. suggested a mixing mechanism of η–π0 where

the isospin violation originates from the mass splitting
of u and d quarks [31]. In that scenario, D∗sJ (2317) and
DsJ (2460) firstly transit into Dsη and D

∗
sη, and then η

transits into π0 by the mixing. In the intermediate process,
η obviously is off-shell. The mixing depends on the mass
difference of η and π, and the effects due to the mixing be-
tween η′ and π can be ignored.
Another sizable mode is the radiative decay. Even

though, by general considerations, the electromagnetic
reaction should be much less important than the strong de-
cay, it does not suffer the suppression of isospin violation;
therefore one may expect that it has a size comparable to
the strong processes described above. The relevant decay
modes are D∗sJ (2317)→D

∗
s+γ, DsJ (2460)→Ds+γ and

DsJ (2460)→D∗s +γ andDsJ(2460)→D
∗
sJ(2317)+γ.

Currently the Babar and the Belle collaborations
have completed precise measurements on the ratio of
Γ (DsJ (2460)→Dsγ) to Γ (DsJ(2460)→D∗sπ

0) [3, 32, 33].
Now the Babar and Belle collaborations begin to further
measure other decays ofD∗sJ(2317) andDsJ (2460). We are
expecting new results of Babar and Belle which can be ap-
plied to decisively determine the structures of D∗sJ(2317)
andDsJ(2460).
This paper is organized as follows: after the introduc-

tion, in Sect. 2, we formulate the strong and radiative de-
cays of D∗sJ(2317) and DsJ(2460). In Sect. 3, we present
our numerical results along with all the input parame-
ters. Finally, Sect. 4 is devoted to a discussion and to con-
clusions. Some detailed expressions are collected in the
appendix.

2 Formulation

First, for the reader’s convenience, we present a brief intro-
duction of the constituent quark meson (CQM) model [26].
The model is relativistic and based on an effective La-
grangian which combines the heavy-quark effective theory
(HQET) and the chiral symmetry for light quarks,

LCQM = χ̄[γ(i∂+V)]χ+ χ̄γAγ5χ−mqχ̄χ

+
f2π
8
Tr
[
∂µΣ∂µΣ

+
]
+ h̄v(iv∂)hv

−

[
χ̄

(
H̄+ S̄+iT̄ µ

∂µ

Λ

)
hv+h.c.

]

+
1

2G3
Tr[(H̄+ S̄)(H−S)]+

1

2G4
Tr
[
T̄ µTµ

]
,

(1)

where the fifth term is the kinetic term of heavy quarks
with v/hv = hv; H is the super-field corresponding to the

doublet (0−, 1−) of negative parity and has the explicit ma-
trix representation

H =
1+ v/

2

(
P ∗µγ

µ−Pγ5
)
,

where P and P ∗µ are the annihilation operators of pseu-
doscalar and vector mesons which are normalized by

〈0|P |M(0−)〉=
√
MH , and 〈0|P

∗µ|M(1−)〉=
√
MHε

µ.

S is for the super-fields related to (0+, 1+),

S =
1+ v/

2

[
P ∗
′

1µγ
µγ5−P0

]
.

χ= ξq (q = u, d, s) is the light-quark field and ξ = e
iM
fπ , and

M is the octet pseudoscalar matrix. We also have

Vµ =
1

2

(
ξ†∂µξ+ ξ∂µξ†

)

and

Aµ =
−i

2

(
ξ†∂µξ− ξ∂µξ†

)
.

Because the spin–parity of D∗sJ (2317) and DsJ(2460) are
0+ and 1+, thus D∗sJ (2317) and DsJ (2460) can be embed-
ded into the S -type doublet (0+, 1+) [29], whereas Ds and
D∗s belong to the H -type doublet (0

−, 1−). Then we can
calculate the strong and radiative decay rates ofD∗sJ (2317)
andDsJ (2460) in the CQMmodel.

2.1 The transition amplitude of
D�

sJ(2317)→Ds+π
0 and

DsJ(2460)→D�

s +π
0 strong decays

in the CQM model

As discussed above indirect D∗sJ (2317)→ Ds+π
0 and

DsJ(2460)→ D∗s +π
0 reactions occur via two steps. In

Fig. 1, we show the Feynman diagrams which depict
the strong processes D∗sJ (2317)→Ds+η→Ds+π

0 and
DsJ(2460)→D∗s +η→D

∗
s +π

0. According to chiral sym-
metry, η only couples with a light quark; thus it can only be
emitted from the light-quark leg in Fig. 1.

Fig. 1. The Feynman diagrams which depict the decays of
D∗sJ (2317)→ Ds+π

0 or DsJ (2460)→ D
∗
s +π

0. The double
line denotes the heavy quark (c-quark) propagator
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The matrix elements of D∗sJ(2317)→ Ds+π
0 and

DsJ (2460)→D∗s +π
0 are written as

M
[
D∗sJ (2317)→Ds+π

0
]
= 〈π0|Lmixing|η〉

i

m2η−m
2
π

×〈ηDs|LCQM|D
∗
sJ (2317)〉 ,

(2)

M
[
DsJ (2460))→D

∗
s +π

0
]
= 〈π0|Lmixing|η〉

i

m2η−m
2
π

×〈ηD∗s |LCQM|DsJ (2460)〉 .

(3)

The mixing mechanism is described by the Lagrangian1

Lmixing =
m2π

2
√
3

m̃u− m̃d
m̃u+ m̃d

π0η ,

which originates from the mass term of the low energy La-
grangian for the pseudoscalar octet [31]

Lmass =
m2πf

2
π

4(m̃u+ m̃d)
Tr
[
ξmqξ+ ξ

†mqξ
†
]
, (4)

where mq is the light-quark mass matrix. The matrix
elements of 〈ηDs|HCQM|D∗sJ(2317)〉 and 〈ηD

∗
s |HCQM|

DsJ (2460)〉 will be calculated in the CQMmodel.
m̃i(i= u, d, s) are the current quark masses. It is noted

that in the CQM model calculations the quark masses
(mq, mc) which we denote as mq are constituent quark
masses [26], whereas, for the mixing, the concerned masses
which we denote as m̃q are the current quark masses [31].
According to the CQM model [26], couplings of

D∗sJ (2317) andDsJ(2460) with light and heavy quarks are
expressed as

1+ v/

2

√
ZSM1

and

1+ v/

2

√
ZSM2ε/1γ5 ,

and the couplings of Ds and D
∗
s to light and heavy quarks

are

1+ v/

2

√
ZSMDsγ5

and

1+ v/

2

√
ZSMD∗s ε/2 ,

1 Here we ignore the mixing of η and η′, because the mixing
angle θ ∼ −11◦ is small and does not much affect our results.
Therefore we simply assume that η is η8 and the contribution
of η′, as discussed in the text, is neglected in our calculations.

where ε1 and ε2 denote the polarization vectors of
DsJ(2460) and D

∗
s respectively. M1 and M2 are respec-

tively the masses of D∗sJ (2317) and DsJ(2460). The con-
crete expressions of ZH and ZS are given in [26] as

Z−1H = (∆H +ms)
∂I3(∆H)

∂∆H
+ I3(∆H) , (5)

Z−1S = (∆S+ms)
∂I3(∆S)

∂∆S
+ I3(∆S) , (6)

I3(a) =
iNc
16π4

∫ 1/µ2

1/Λ2

dy

y3/2
exp
[
−y
(
m2s−a

2
)]

× (1+erf(a
√
y)), (7)

where erf is the error function.
Now, we can write out the transition matrix elements as

follows:

〈ηDs|HCQM|D
∗
sJ (2317)〉

= (−1)i6
√
ZSM1ZHMDs

√
2

3

Nc

2fπ

×

∫ reg d4l
(2π)4

Tr [(l/+ms)q
µγµγ5(l/+ q/+ms)γ5(1+ v/)]

(l2−m2s)
[
(l+ q)

2−m2s

]
(vl+∆S)

(8)

and

〈ηD∗s |HCQM|DsJ (2460)〉

= (−1)i6
√
ZSM2ZHMD∗s

√
2

3

Nc

2fπ

∫ reg d4l
(2π)4

×
Tr [(l/+ms)q

µγµγ5(l/+ q/+ms)ε/2(1+ v/)γ5ε/1]

(l2−m2s) [(l+ q)
2−m2s] (vl+∆S)

,

(9)

whereNc = 3.
Omitting technical details in the text for saving space,

we finally obtain

〈ηDs|HCQM|D
∗
sJ(2317)〉=

√
ZSM1ZHMDs

(

−

√
2

3

)
A

2fπ
,

(10)

〈ηD∗s |HCQM|DsJ(2460)〉=
√
ZSM2ZHMD∗s

(

−

√
2

3

)

×
(ε1ε2)A

2fπ
, (11)

with

A= 4
(
m2smηω−m

2
ηms
)
O−m2η(O1+ωO2)

+mηω(2O3−O4−O5−2O6) , (12)

where ω = vv′ = ∆S−∆H2mη
and the concrete expressions ofO

andOi are listed in the appendix.
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The decay widths of D∗sJ(2317) → Ds + π
0 and

DsJ (2460)→D∗s +π
0 read

Γ
[
D∗sJ(2317)→Ds+π

0
]

=
ZSZHMDs |p

′|

1024πM1f2π

(
m̃u− m̃d

m̃s− (m̃u+ m̃d)/2

)2
|A|2 ,

(13)

Γ
[
DsJ(2460)→D

∗
s +π

0
]

=
ZSZHMDs |p

′|

3072πM2f2π

(
m̃u− m̃d

m̃s− (m̃u+ m̃d)/2

)2

×

[
2+

(
M22 +M

2
D∗s

)2

M22M
2
D∗s

]
|A|2 , (14)

where the relations m2π = 2m̃B0 and m
2
η =

2
3 (m̃+2m̃s)B0

with m̃= (m̃u+ m̃d)/2 are employed to derive the isospin
suppression factor (m̃u− m̃d)/[m̃s− (m̃u+ m̃d)/2] [36].
These relations are valid at the leading order of the chiral
theory, but the principle does not really apply for estimat-
ing the mass of η′ (or η0) due to an extra contribution from
the axial anomaly [34].

2.2 The transition amplitude of D�

sJ(2317)
and DsJ(2460) radiative decays
in the CQM model

The Feynman diagrams of D∗sJ(2317) → D
∗
s + γ,

DsJ (2460)→Ds+γ, DsJ (2460)→D∗s +γ and DsJ(2460)
→D∗sJ(2317)+γ are presented in Fig. 2.

(a)D∗sJ (2317)→D
∗
s +γ

In contrast with the case in Fig. 1, the heavy quark also
couples to γ. Thus the transition matrix element of
D∗sJ (2317)→D

∗
s +γ is written as *

M [D∗sJ (2317)→D
∗
s +γ]

= (−1)i6
√
ZSM1ZHMD∗sNc

{(
−e

3

)

×

∫ reg d4l
(2π)4

Tr
[
(l/+ms)ε/γ(l/+ q/+ms)ε/2

(1+v/)
2

]

(l2−m2s) [(l+ q)
2−m2s](vl+∆S)

+
2e

3

∫ reg d4l
(2π)4

Tr
[
(l/+ms)ε/2

(1+v/)
2 ε/γ

(1+v/)
2

]

(l2−m2s) (vl+∆H)(vl+∆S)

}

Fig. 2. The Feynman diagrams which depict the radiative de-
cays of D∗sJ (2317) and DsJ (2460)

=
√
ZSM1ZHMD∗s

(
2e

3

){

(εγε2)

×

[
m2sR−R3−2R6−

(p′q)(msR+R1+2R5)

MD∗s

]

+(εγp
′)(ε2q)

[
msR+R1+2R5

MD∗s

]}

. (15)

(b)DsJ(2460)→Ds+γ

The transition matrix element ofDsJ(2460)→Ds+γ is

M[DsJ(2460)→Ds+γ]

= (−1)i6
√
ZSM2ZHMDsNc

{(
−e

3

)∫ reg d4l
(2π)4

×
Tr
[
(l/+ms)ε/γ(l/+ q/+ms+iε)γ5

(1+v/)
2 γ5ε/1

]

(l2−m2s)[(l+ q)
2−m2s](vl+∆S)

+
2e

3

∫ reg d4l
(2π)4

Tr
[
(l/+ms)γ5

(1+v/)
2 ε/γ

(1+v/)
2 γ5ε/1

]

(l2−m2s)(vl+∆H)(vl+∆S)

}

=
√
ZSM1ZHMDs

(2e
3

)
{

(εγε1)

×

[
m2sR−R3−2R6−

(p′q)(msR+R1+2R5)

MDs

]

+(εγp
′)(ε1q)

[
msR+R1+2R5

MDs

]}

. (16)

2.2.1 (c) DsJ(2460)→D∗s +γ

The transition matrix element ofDsJ(2460)→D∗s +γ is

M[DsJ(2460)→D
∗
s +γ]

= (−1)i6
√
ZSM2ZHMD∗sNc

{(
−e

3

)

×

∫ reg d4l
(2π)4

Tr
[
(l/+ms)ε/γ(l/+ q/+ms)ε/2

(1+v/)
2 γ5ε/1

]

(l2−m2s) [(l+ q)
2−m2s](vl+∆S)

+
2e

3

∫ reg d4l
(2π)4

Tr[(l/+ms)ε/2
(1+v/)
2 ε/γ

(1+v/)
2 γ5ε/1]

(l2−m2s)(vl+∆H)(vl+∆S)

}

=
√
ZSM2ZHMD∗s

(
2e

3

)
εαβρσq

αεβγε
ρ
1ε
σ
2

×

[
Rms−R1+

2R2(p′q)

MD∗s
+
Rm2s−R3−2R6

MD∗s

+
(2R5+2R1)(p′q)

M2D∗s

]
. (17)

(d)DsJ(2460)→D∗sJ(2317)+γ

The transition matrix element of DsJ(2460) →
D∗sJ(2317)+γ is
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M[DsJ(2460)→D
∗
sJ(2317)+γ]

= (−1)i6
√
ZSM1ZSM2Nc

{(
−e

3

)

×

∫ reg d4l
(2π)4

Tr
[
(l/+ms)ε/γ(l/+ q/+ms)

(1+v/)
2 γ5ε/1

]

(l2−m2s) [(l+ q)
2−m2s] (vl+∆S)

+
2e

6

∫ reg d4l
(2π)4

Tr
[
(l/+ms)

(1+v/)
2 ε/γ

(1+v/)
2 γ5ε/1

]

(l2−m2s) (vl+∆S)(vl+∆S)

}

=
√
ZSM1ZSM2

2e

3

msR

M1
εαβρσq

αp′βεργε
σ
1 . (18)

The concrete expressions of R and Ri are listed in the
appendix.

3 Numerical results

With the formulation we derived in last section, we can
numerically evaluate the corresponding decay rates. Be-
sides, we need several input parameters for the numerical
computations. They include: fπ = 132MeV,ms = 0.5 GeV,
Λ = 1.25GeV, the infrared cutoff µ = 0.51GeV and ∆S−
∆H = 335±35MeV [29]. Also, we have mη = 547.45MeV,
M1 = 2317MeV, M2 = 2460MeV, MDs = 1968MeV and
MD∗s = 2112MeV [35]. The suppression parameter was es-
timated in [36] as

m̃u− m̃d
m̃s− (m̃u+ m̃d)/2

∼
1

43.7
.

We present the decay widths of D∗sJ (2317)→Ds+π
0

andDsJ(2460)→D∗s +π
0 in Table 1.

From (5)–(7), one can notice that ZH,S not only depend
on ∆H,S but also on the choice of the two energy scales Λ
and µ. The authors of [29], discussed how to determine the
energy scale. In this work we take the values given in [29],
i.e. µ= 0.51 GeV and Λ= 1.25GeV; then we let µ vary to
0.4 GeV, (20%), and we find that the change of ZH and ZS
is less than 10%. It indicates that ZH and ZS are not very
sensitive to the change of the energy scale µ. The param-
eter Λ is the chiral symmetry energy scale and usually is
taken around 1GeV.
For a comparison, we also list the values of the decay

widths ofD∗sJ(2317)→Ds+π
0 andDsJ (2460)→D∗s+π

0,
which are calculated by other groups, in Table 2.
Our values depend on the model parameters, but qual-

itatively, the order of magnitude is unchanged when the

Table 1. The values of ∆S and ∆H are taken from [29]. According to (5) and (6), one gets the
values of ZS and ZH . Γ1 and Γ2 denote respectively the decay widths of D

∗
sJ (2317)→Ds+π

0 and
DsJ (2460)→D

∗
s +π

0

∆H (GeV) ∆S (GeV) ZH (GeV)
−1 ZS (GeV)

−1 Γ1 (keV) Γ2 (keV)

0.5 0.86 3.99 2.02 3.68 1.86
0.6 0.91 2.69 1.47 5.36 2.72
0.7 0.97 1.74 0.98 8.71 4.42

parameters vary within a reasonable region. All the values
in Table 2 are somehow consistent with each other as re-
gards order of magnitude, even though there is an obvious
difference in numbers.
With the same parameters, we obtain the radiative de-

cay rates of D∗sJ (2317) and DsJ(2460). The results are
listed in Table 3.
For convenience, we define the relevant ratios as

R1 = Γ (D
∗
sJ (2317)→Ds+γ) : Γ

(
D∗sJ (2317)→Ds+π

0
)
,

R2 = Γ (DsJ (2460)→Ds+γ) : Γ
(
DsJ (2460)→D

∗
s +π

0
)
,

R3 = Γ (DsJ (2460)→D
∗
s +γ) : Γ

(
DsJ (2460)→D

∗
s +π

0
)
,

R4 = Γ (DsJ(2460)→D
∗
sJ(2317)+γ) : Γ

×
(
DsJ(2460)→D

∗
s +π

0
)
.

Thus we calculate the Ri’s and tabulate the results below
in Table 4.

4 Conclusion and discussion

In this work, based on the assumption thatD∗sJ (2317) and
DsJ(2460) are chiral parters of Ds and D

∗
s , we calculate

the rates of D∗sJ(2317)→Dsπ
0 and DsJ(2460)→D∗sπ

0 in
the constituent quark meson (CQM) model and take into
account the η–π0 mixing mechanism [31]. We also esti-
mate the rates ofD∗sJ (2317)→D

∗
s +γ,DsJ(2460)→Ds+

γ,DsJ (2460)→D∗s +γ andDsJ(2460)→D
∗
sJ(2317)+γ in

the same model.
Comparing our results for the strong decay rates with

those obtained by other groups, we find that our results are
reasonably consistent with the values listed in Table 2.
For the radiative decay, our results generally coincide

with that obtained by other groups and especially these re-
sults of the QCD sum rules.
The ratio R2 has been measured with relatively high

precision [3, 32, 33]; however for R1, R3 and R4, there
only are upper limits given by the Babar, Belle, and
CLEO collaborations [2, 32, 33]. It seems that our results
on the ratios well coincide with the experimental values.
This consistency somehow implies that the assumption
of D∗sJ(2317), DsJ(2460 being p-wave chiral partners of
Ds, D

∗
s does not contradict the data with the present ex-

perimental accuracy.
The experimental upper bounds on the total

widths are Γ (D∗sJ(2317)) < 4.6MeV and Γ (DsJ(2460))
< 5.5MeV [35]. Obviously, the overwhelming decay modes
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Table 2. In this table, we list our calculation of D∗sJ (2317)→
Ds+π

0 and DsJ (2460)→D
∗
s +π

0 and that obtained by other
groups, where Γ1 and Γ2 respectively denote the decay widths
of D∗sJ (2317)→Ds+π

0 and DsJ (2460)→D
∗
s +π

0

CQM model [14] [15] [16] [17] [18] [19]

Γ1 (keV) 3.68∼ 8.71 6±2 34∼ 44 7±1 21.5 ∼ 10 16
Γ2 (keV) 1.86∼ 4.42 – 35∼ 51 7±1 21.5 ∼ 10 32

of D∗sJ(2317) and DsJ(2460) are their strong and radia-
tive decays, therefore we can roughly take the sums of these
widths as the total widths of D∗sJ (2317) and DsJ(2460).
However, our numerical results as well as those given by
other groups are in order of tens of keV, much smaller than
the upper bounds set by recent experiments. The reason is
obvious that the aforementioned reactions violate isospin
conservation; there is a large suppression factor of about
(1/43.7)2, which reduces the widths by 3 orders. The calcu-
lations which are based on the assumption that the newly
discovered D∗sJ (2317) and DsJ(2460) are p-wave excited
states of Ds and D

∗
s predict their widths to be at order of

a few to tens of keV. By contrast, if they are four-quark
states, or molecular states, there may be more decay chan-
nels available, i.e. some modes are not constrained by the
OZI rule, thusmuch larger totalwidthsmightbe expected in
that scenario. The authors of [9, 21], for example, suggested
that D∗sJ (2317) and DsJ(2460) are in a non-cs̄ structure
(four-quark states etc.), and obtained much larger rates,
even though still obviously smaller than the experimental
upperbounds. So far, it is hard to conclude if theyarep-wave
chiral partners ofDs andD

∗
s or four-quark states yet.

We hope that the further more precise measurements
of Babar, Belle and CLEO may offer more information by
which we may determine the structure of the newly discov-
ered mesons.

Table 3. The rates of D∗sJ (2317)→ Ds+ γ, DsJ (2460)→ Ds+ γ, DsJ (2460)→ D
∗
s + γ and DsJ (2460)→

D∗sJ (2317)+γ. We also list the results obtained by other groups

CQM model [20] [16] [17] [18]

Γ (D∗sJ (2317)→Ds+γ) (keV) ∼ 1.1 4∼ 6 0.85 1.74 1.9
Γ (DsJ (2460)→Ds+γ) (keV) 0.6∼ 2.9 19∼ 29 3.3 5.08 6.2
Γ (DsJ (2460)→D

∗
s +γ) (keV) 0.54 ∼ 1.4 0.6∼ 1.1 1.5 4.66 5.5

Γ (DsJ (2460)→D
∗
sJ (2317)+γ) (keV) 0.13∼ 0.22 0.5∼ 0.8 – 2.74 0.012

Table 4. The ratios of radiative decay widths to strong decay widths for D∗sJ (2317) and DsJ (2460).
The first three columns are the experimental data and the fourth column is our result calculated in
the CQM model

Belle Babar CLEO [2] CQM model

R1 < 0.18 [32] – < 0.059 0.12 ∼ 0.30
R2 0.55±0.13±0.08 [32] 0.375±0.054±0.057 [33] < 0.49 0.32 ∼ 0.66
R3 < 0.31 [32] – < 0.16 0.29 ∼ 0.32
R4 – < 0.23 [33] < 0.58 0.05 ∼ 0.07
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Appendix

We have

O =
I5(∆S ,mη/2, ω)− I5(∆H ,−mη/2, ω)

2mη
, (A.1)

O1 =
I3(−mη/2)− I3(mη/2)+ω[I3(∆S)− I3(∆H)]

2mη(1−ω2)

−
O[∆S −ωmη/2]

1−ω2
, (A.2)

O2 =
−I3(∆S)+ I3(∆H)−ω[I3(−mη/2)− I3(mη/2)]

2mη(1−ω2)

−
O[mη/2−∆Sω]

1−ω2
, (A.3)

O3 =
B1
2
+
2ωB4−B2−B3
2(1−ω2)2

, (A.4)

O4 =
−B1

2(1−ω2)
+
3B2−6ωB4+B3(2ω2+1)

2(1−ω2)2
, (A.5)

O5 =
−B1

2(1−ω2)
+
3B3−6ωB4+B2(2ω2+1)

2(1−ω2)2
, (A.6)

O6 =
B1ω

2(1−ω2)
+
2B4(2ω2+1)−3ω(B2+B3)

2(1−ω2)2
, (A.7)

B1 =m
2
sO− I3(∆H) , (A.8)

B2 =∆
2
SO−

I3(mη/2)− I3(−mη/2)

4mη
× (ωmη+2∆S) , (A.9)

B3 =
m2ηO

4
+
I3(∆S)−3I3(∆H)

4



X. Liu et al.: Study on decays of D∗sJ (2317) and DsJ (2460) in terms of the CQM model 451

+
ω

4
[∆SI3(∆S)−∆HI3(∆H)] , (A.10)

B4 =
mη∆SO

2
+
∆S [I3(∆S)− I3(∆H)

2mη

+
I3(mη/2)− I3(−mη/2)

4
, (A.11)

I5(a2, a3, a4) =

∫ 1

0

dx
1

1+2x2(1−a4)+2x(a4−1)

×

{
6

16π3/2

∫ 1/µ2

1/Λ2

dy
√
y
ξ exp

[
−y
(
m2s− ξ

2
)]

× [1+erf(ξ
√
y)]+

6

16π2

×

∫ 1/µ2

1/Λ2

dy

y
exp
[
−y
(
m2s−2ξ

2
)]
}
,

(A.12)

ξ =
a2(1−x)+a3x√

1+2(a4−1)x+2(1−a4)x2
, (A.13)

R=
3

16π3/2

∫ 1/µ2

1/Λ2
ds
exp
[
−sm2s

]

s1/2

×

∫ 1

0

dx exp[s∆2(x)][1+erf(∆(x)
√
s)] ,

(A.14)

R1 =
n2

|q|
, (A.15)

R2 =
n1−R1
|q|

, (A.16)

R3 =
n4

|q|2
, (A.17)

R6 =
R3+n6
2

−
n5

|q|
, (A.18)

R5 =
n5

|q|2
−
R3+R6
|q|

, (A.19)

R4 =
n3−R3−R6

|q|2
−
2R5
|q|
, (A.20)

∆(x) =∆S−x|q|, I2 =
3

16π2
Γ

(
0,
m2s
Λ2
,
m2s
µ2

)

(A.21)

n1 =−I2−∆SR , (A.22)

n2 =
1

2
[−I3(∆S)+ I3(∆H)] , (A.23)

n3 =∆
2
SR+

( |q|
2
+∆S

)
I2 , (A.24)

n4 =
|q|

2
[∆SI3(∆S)−∆HI3(∆H)] , (A.25)

n5 =
∆S

2
[I3(∆S)− I3(∆H)] , (A.26)

n6 =m
2
sR− I3(∆H) , (A.27)

where q is the three-momentum of the emitted photon.
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