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Study of radially excited Ds(2
1S0) and Ds(3P ) *
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Abstract: The unobserved JP =0− radial excitation Ds(2
1S0) is anticipated to have mass 2650 MeV (denoted as

Ds(2650)). Study of hadronic production is an important way to identify highly excited states. We study hadronic

production of Ds(2650) from higher excited resonances in a 3P0 model. Relevant hadronic partial decay widths

are found to be very small, which implies it is difficult to observe Ds(2650) in hadronic decays of higher excited

resonances. Hadronic decay widths of radially excited Ds(3P ) have also been estimated. The total decay widths of

four Ds(3P ) are large, but the branching ratios in the Ds(2650)η channel are very small, which implies that it seems

impossible to observe Ds(2650) in hadronic decays of Ds(3P ). The dominant decay channels of the four Ds(3P ) have

been pointed out, and D1(2420), D1(2430), D∗
2(2460), D(2550), D(2600), (11D2)D(2750) and D∗

3(2760) are possible

to observe in hadronic production from Ds(3P ).
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1 Introduction

The lowest lying 1S and 1P excited D and Ds states
are believed to be established [1, 2]. In recent years, more
and more higher excited D and Ds resonances have been
observed, though some of them have not been identified.
Study of their spectroscopy, production and decay will
be helpful for their identification and quark dynamics.

For D resonances, D(2550), D∗(2600), D(2750) and
D∗(2760) were observed in inclusive e+e− and pp colli-
sions by the BaBar [3] and LHCb [4] collaborations, re-
spectively. D∗(2760) was subsequently found to consist
of D∗

1(2760) and D∗
3(2760) [5, 6].

For Ds resonances, D∗
s1(2700) and D∗

sJ(2860) were
observed by Belle [7] and BaBar [8] collaborations.
D∗

sJ(2860) was also found to consist of D∗
s1(2860) and

D∗
s3(2860) [9, 10]. According to analyses in Refs. [11–

20], tentative assignments of these D and Ds resonances
have been made as presented in Table 1. In the ta-
ble, D(2550) is suggested to be the JP = 0− radial ex-
citation D(21S0) [11, 12, 15, 16], and D(2750) is sug-
gested to be the JP = 2− admixture of D(11D2) and
D(13D2) [12, 14, 16].

The masses of the 2S and 1D D and Ds mesons have
been predicted in n2S+1LJ and njP schemes in many
models. In Table 1, theoretical results from two groups
are presented [2, 21, 22]. Experimental resonances are
also included in this table. However, two states with cs̄
or c̄s quarks under the 21S0 and 11,3D2 columns have
not been observed. These are denoted with dots in the
table.

Table 1. Predicted and observed masses of 2S and 1D excited D and Ds resonances (MeV).

\n2S+1LJ 21S0 23S1 11,3D2 13D1 13D3

D([2]) 2581 2643 2827/2834 2816 2833

Ds([2]) 2673 2732 2911/2916 2899 2917

D([21]) 2534 2593 2773/2779 2762 2779

Ds([22]) 2646 2704 2861/2865 2848 2867

D(Exp) D(2550) D∗(2600) D(2750) D∗
1(2760) D∗

3(2760)

Ds(Exp) ... D∗
s1(2700) ... D∗

s1(2860) D∗
s3(2860)
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When the experimental D and Ds resonances in the
table are examined, it is interesting to note that the
masses of D∗

s1(2700), D∗
s1(2860) and D∗

s3(2860) with
cs̄ or c̄s quarks are about 100 MeV higher than those of
D∗(2600), D∗

1(2760) and D∗
3(2760) with cq̄ or c̄q quarks,

respectively, though theoretical predictions may not sup-
port this fact.

These two missing Ds states are naturally speculated
to have masses 2650 MeV and 2850 MeV correspond-
ing to the observed D(2550) and D(2750), respectively.
Similar to the assignments of D(2550) and D(2750), the
two missing Ds are expected to have quantum numbers
JP =0− and JP =2−. In the following, the radially ex-
cited pseudoscalar Ds(2

1S0) with mass around 2650 MeV
will be denoted as Ds(2650).

In Ref. [16], two DsJ(2850)± have been predicted to
have mass 2850 MeV, which have Γtotal = 125.1 MeV
and Γtotal =51.6 MeV corresponding to (JP =2−,jq = 3

2
)

and (JP = 2−,jq = 5
2
), respectively, so these JP = 2−

Ds(1
1,3D2) will not be addressed in our study.

In the 2600∼2700 MeV energy region, a surprisingly
narrow (Γ < 17 MeV) charmed strange state D+

sJ(2632)
was once reported by SELEX [23] in the D+

s η and D0K+

decay channels with mass M = 2632.5±1.7 MeV. How-
ever, subsequent searches for D+

sJ(2632) by BaBar [24],
FOCUS and BELLE have not found any evidence. Now,
it is popularly believed that D+

sJ(2632) is an experimental
artefact.

In order to understand the nature of Ds(2650), it is
important to explore its hadronic decays and produc-
tions. Hadronic decays of Ds(2

1S0) with different pre-
dicted masses have been studied in some models, but
its hadronic production has not been explored. In par-
ticular, it is not clear whether it is possible to observe
Ds(2650) in hadronic decays of higher excited resonances
in experiment.

The 3P0 model is a phenomenological method first
put forth by Micu [26] and subsequently developed by
Yaouanc et al. [27–29]. It has been employed suc-
cessfully to explore Okubo-Zweig-Iizuka-allowed (OZI-
allowed) hadronic decays of hadrons. Hadronic decays
of the JP =0− radial excitation Ds have been explored in
the 3P0 model [12, 22, 25], but the hadronic production
of this missing Ds(2650) from higher excited resonances
has not been explored. As in Refs. [18, 19], hadronic
productions of Ds(2650) will be explored in this paper.
Ds(2650) may be produced from the near Ds(3P ). As an
example, hadronic decays of Ds(3P ) will be explored in
detail, paying attention to the partial decay widths and
branching ratios related to the Ds(2650) final state.

This paper is organized as follows. In the second
section, the 3P0 model and the parameters are briefly in-
troduced. In Section 3, the numerical results relevant to
hadronic decays of Ds(2650) and Ds(3P ) are presented.

A summary and discussions are presented in Section 4.

2 The 3
P0 model

Among models for hadronic decays, the 3P0 model is
popularly known as a quark-pair creation (QPC) model.
Since the 3P0 model was proposed [26–29], it has been
extensively applied to mesons and baryons with success.
To proceed with a practical computation, the formulae
in Refs. [19, 30] are presented. In the 3P0 model, the
hadronic decay width of A→BC is

Γ =π
2 |~p|
M 2

A

∑

JL

|MJL|2, (1)

where ~p is the momentum of the final mesons B and C
in the initial meson A’s center-of-mass frame

|~p|=
√

[m2
A−(mB−mC)2][m2

A−(mB+mC)2]

2mA

(2)

and MJL is the partial wave amplitude of A→BC. The
partial wave amplitude MJL is obtained from the helic-
ity amplitude MMJA

MJB
MJC in terms of the Jacob-Wick

formula as follows

MJL(A→BC)=

√
2L+1

2JA+1

∑

MJB
,MJC

〈L0JMJA
|JAMJA

〉

×〈JBMJB
JCMJC

|J,JMJA
〉

×MMJA
MJB

MJC (~p), (3)

where ~J= ~JB+ ~JC , ~JA= ~JB+ ~JC+~L and MJA
=MJB

+MJC
.

The helicity amplitude reads

δ3(~pB+~pC)MMJA
MJB

MJC

=
√

8EAEBECγ
∑

MLA
,MSA

,

MLB
,MSB

,

MLC
,MSC

,m

〈LAMLA
SAMSA

|JAMJA
〉

×〈LBMLB
SBMSB

|JBMJB
〉〈LCMLC

SCMSC
|JCMJC

〉
×〈1m;1−m|00〉〈χ13

SBMSB
χ24

SCMSC
|χ12

SAMSA
χ34

1−m〉

×〈ϕ13
B ϕ24

C |ϕ12
A ϕ34

0 〉IMLA
,m

MLB
,MLC

(~p), (4)

where ~pB and ~pC (~pB=-~pC=~p) are the momenta of the
final mesons B and C in A’s center-of-mass frame, re-
spectively. γ is a phenomenological parameter, which
indicates the strength of the quark-pair creation from

the vacuum. I
MLA

,m

MLB
,MLC

(~p) is a momentum integral

I
MLA

,m

MLB
,MLC

(~p)=

∫

d~k1d~k2d~k3d~k4

×δ3(~k1+~k2−~pA)δ3(~k3+~k4)

×δ3(~pB−~k1−~k3)δ
3(~pC−~k2−~k4)

×Ψ∗

nBLBMLB
(~k13)Ψ

∗

ncLCMLc
(~k24)

×ΨnALAMLA
(~k12)Y1m

(

~k34

)

(5)
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with a relative momentum of quark i and quark j:
~kij =

mj
~ki−mi

~kj

mi+mj
(i,j=1,2,3,4). ΨnLML

(~k) are simple har-

monic oscillator (SHO) wave functions for the mesons,

and y1m(~k)=|~k|Y1m(Ω) is the solid harmonic polynomial
of the created P-wave quark pair.

In terms of 9j symbols [29], the flavor matrix element
reads

〈ϕ13
B ϕ24

C |ϕ12
A ϕ34

0 〉=
∑

I,I3

〈ICI3
C ;IBI3

B |IA,I3
A〉

×[(2IB+1)(2IC+1)(2IA+1)]1/2

×











I1 I3 IB

I2 I4 IC

IA 0 IA











(6)

where Ii (i=1,2,3,4) is the isospin of the four u, d, s or c
quark. IA, IB and IC are the isospins of the mesons A, B
and C, respectively. I3

A, I3
B and I3

C are the third isospin

components of the mesons, and 〈ICI3
C ;IBI3

B |IA,I3
A〉 is the

isospin matrix element.
The spin matrix element reads

〈

χ13
SBMSB

χ24
SCMSC

|χ12
SAMSA

χ34
1−m

〉

=(−1)SC+1[3(2SB+1)(2SC+1)(2SA+1)]1/2

×
∑

S,MS

〈SBMSB
SCMSC

|SMS〉〈SMS|SAMSA
;1,−m〉

×











1/2 1/2 SB

1/2 1/2 SC

SA 1 S











. (7)

With these formulae in hand, we proceed with our
calculation. Constituent quark masses are model depen-
dent and may be largely different in different constituent
quark models. In many constituent quark models, u, d
and s quarks approximately apply to SU(3) flavor sym-
metry. In the Godfrey-Isgur quark model [2, 12], to solve

Table 2. Masses and β values of mesons (MeV).

states mass β states mass β

(11S0)K± 493.677 400 (1P1)K1(1270)0(±) 1272 400

(11S0)K0 497.614 400 (1P ′
1)K1(1400)0(±) 1403 400

(13S1)K∗± 891.66 400 (13P2)K∗
2(1430)0 1432.4 400

(13S1)K∗0 895.81 400 (13P2)K∗
2(1430)± 1425.6 400

(11S0)η 547.862 400 (13P0)K∗
0(1430)0(±) 1425 400

(13S1)φ 1019.461 400 (1P1)D1(2430)0(±) 2427 475

(11S0)D± 1869.61 601 (1P ′
1)D1(2420)0 2421.4 475

(11S0)D0 1864.84 601 (1P ′
1)D1(2420)± 2423.2 475

(13S1)D∗± 2010.26 516 (13P0)D0(2400)0 2318 516

(13S1)D∗0 2006.96 516 (13P0)D0(2400)± 2403 516

(11S0)Ds 1968.30 651 (13P2)D2(2460)± 2464.3 437

(13S1)D∗
S 2112.1 562 (13P2)D2(2460)0 2462.6 437

(21S0)K(1460)0(±) 1460 400 (23S1)D∗(2600)0 2608.7 434

(23S1)K∗(1410)0(±) 1414 400 (23S1)D∗(2600)+ 2621.3 434

(21S0)D(2550)0(±) 2539.4 450 (13D1)D1
∗(2760)0 2763.3 456

(13P0)Ds0(2317) 2317.7 542 (13D1)D1
∗(2760)+ 2769.7 456

(1P1)Ds1(2460) 2459.5 498 (13D3)D∗
3(2760)0 2763.3 407

(1P ′
1)Ds1(2536) 2535.10 498 (13D3)D∗

3(2760)+ 2769.7 407

(13P2)Ds2(2573) 2571.9 464 (11D2)D(2750)0 2752.4 428

(23S1)D∗
s1(2700) 2708.3 458 (11D2)D(2750)+ 2752.4 428

(13D1)D∗
s1(2860) 2859 469 (13D2)D(2750)0 2752.4 428

(13D3)D∗
s3(2860) 2860.5 426 (13D2)D(2750)+ 2752.4 428

the Hamiltonian to obtain the masses and wave func-
tions of mesons, the masses of the u and d quarks were
set small and the mass of the s quark was almost double
the mass of the u and d quarks, which violates SU(3)
flavor symmetry. However, uncertainties of the con-
stituent quark masses affect the partial decay widths
little in the 3P0 model [31]. In order to compare our
results with those in Ref. [12], we have employed the

same parameters. The masses of the constituent quarks
are taken to be, mc = 1628 MeV, mu = md = 220 MeV,
and ms = 419 MeV [12]. The masses and the effective
scale parameters β of relevant mesons are presented in
Table 2 [1, 12], where a common value β = 0.4 GeV is
employed for all light flavor mesons. For resonances in-
cluded in PDG, their masses in PDG are employed (un-
like those in Ref. [12]), while for resonances not included
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in PDG or not observed by experiment, their masses and
β are taken from Ref. [12]. γ =6.95 is employed in this
paper, where γ is

√
96π times as the γ =0.4 adopted in

Ref. [12] for a different definition. The meson flavor fol-
lows the convention [12]: D0 =cū, D+=−cd̄, Ds

+=−cs̄,
K+=−us̄, K−=sū, φ=−ss̄, and η=(uū−dd̄)/2−ss̄/

√
2.

3 Hadronic decays

3.1 D
s
(2650)

Hadronic decays of the JP = 0− radial excitation
Ds(2

1S0) have been explored in Refs. [12, 25]. There
are two possible hadronic decay channels, and the par-
tial decay widths of the JP = 0− radial excitation Ds

with M = 2650 MeV (Ds(2650)) were calculated in the
3P0 model [25]:

Γ (Ds(2
1S0)→D∗K)=78 MeV,

Γ (Ds(2
1S0)→D∗

sη)=0.

In fact, the D∗K decay channel is the only hadronic de-
cay of Ds(2650).

Ds(2650) may be produced from hadronic decays of
higher excited D mesons in the Ds(2650)K channel or
from hadronic decays of higher excited Ds mesons in
the Ds(2650)η channel. Possible hadronic decay chan-
nels from higher excited D and Ds mesons are presented
in the first and the third columns in Table 3, and rele-
vant hadronic partial decay widths have been estimated
and presented in the second and the fourth columns.

Table 3. Hadronic partial decay widths of Ds(2650)
from highly excited resonances (MeV).

mode width mode width

D(43S1)→Ds(2650)K 0.1 Ds(43S1)→Ds(2650)η 0.0

D(53S1)→Ds(2650)K 0.0 Ds(53S1)→Ds(2650)η 0.0

D(33P0)→Ds(2650)K 1.8 Ds(33P0)→Ds(2650)η 0.1

D(33P2)→Ds(2650)K 2.8 Ds(33P2)→Ds(2650)η 2.4

D(43P0)→Ds(2650)K 0.2 Ds(43P0)→Ds(2650)η 0.0

D(43P2)→Ds(2650)K 0.0 Ds(43P2)→Ds(2650)η 0.2

D(23D1)→Ds(2650)K 6.1 Ds(23D1)→Ds(2650)η 4.7

D(23D3)→Ds(2650)K 0.0 Ds(23D3)→Ds(2650)η 0.1

D(33D1)→Ds(2650)K 0.0 Ds(33D1)→Ds(2650)η 0.5

D(33D3)→Ds(2650)K 1.4 Ds(33D3)→Ds(2650)η 1.0

D(13F2)→Ds(2650)K −− Ds(13F2)→Ds(2650)η 0.0

D(23F2)→Ds(2650)K 4.5 Ds(23F2)→Ds(2650)η 3.0

D(23F4)→Ds(2650)K 0.6 Ds(23F4)→Ds(2650)η 0.8

D(13G3)→Ds(2650)K 0.6 Ds(13G3)→Ds(2650)η 0.6

D(13G5)→Ds(2650)K 0.0 Ds(13G5)→Ds(2650)η 0.0

D(23G3)→Ds(2650)K 1.6 Ds(23G3)→Ds(2650)η 1.0

D(23G5)→Ds(2650)K 0.7 Ds(23G5)→Ds(2650)η 1.0

Obviously, all the hadronic partial decay widths to

Ds(2650)K or Ds(2650)η channels are very small. There-
fore, these decay channels are difficult to observe even
though those higher resonances may be observed in fu-
ture experiments. D(2550) has been observed in inclu-
sive e+e− and pp collisions, and D∗

1,3(2760) has been
observed in exclusive B decays. Ds(2650) is naturally
anticipated to be observed in these inclusive e+e− and
pp collisions, or exclusive B decays in the D∗K channel.

3.2 Hadronic decay of Ds(3P ) resonances

From Table 3, Ds(2650) can be produced from
hadronic decays of Ds(3

3P0,2) in the Ds(2650)η channel.
However, the branching fraction ratio is unknown, and it
is not clear whether it is possible to observe Ds(2650) in
hadronic production from Ds(3

3P0,2) in experiment. In
order to have an overall picture on the hadronic decays
of Ds(3P ), especially of their branching fractions, all the
hadronic decay channels of Ds(3P ) have been studied in
detail in this subsection. Many hadronic partial decay
widths and branching ratios of Ds(3P ) have been calcu-
lated and presented in Tables XXX-XXXI in Ref. [12],
but some decay channels were ignored.

In Ds(3P ) multiplets, Ds(3
3P1) and Ds(3

1P1) may
mix with each other. Because of lack of information,
the detail of the mixing of Ds(3

3P1) with Ds(3
1P1) is not

clear. Therefore, the OZI-allowed hadronic decay chan-
nels of Ds(3

3P0), Ds(3
1P1), Ds(3

3P1) and Ds(3
3P2) were

studied separately.
The masses of Ds(3P ) are employed as fol-

lows [12]: M(Ds(3
3P0)) = 3412 MeV, M(Ds(3

1P1)) =
M(Ds(3

3P1)) = 3425 MeV, M(Ds(3
3P2)) = 3439 MeV.

The masses of Ds(3
1P1) and Ds(3

3P1) are assumed equal
to the mean mass value of Ds(3P1) and Ds(3P ′

1) in
Ref. [12]. The final results of the hadronic decay widths
are given in Tables 4-7. All the four Ds(3P ) resonances
have large total decay widths, which are much larger
than those in Ref. [12]. One reason is that the mix-
ing has not been taken into account in our calculations,
the other and the most important reason is that more
decay channels have been included in our calculations.
Our partial decay widths would be the same as those in
Ref. [12] for the channels without mixing if M = 2673
MeV was employed.

From Table 4, Γtotal(Ds(3
3P0)) = 175.5 MeV (103.9

MeV in Ref. [12]) and the dominant decay channels
of Ds(3

3P0) are: (11D2)D(2750)K, DK, D(2550)K and
D1(2420)K∗.

From Table 5, Γtotal(Ds(3
1P1))=260.4 MeV and the

dominant decay channels of Ds(3
1P1) are: D∗

2(2460)K,
D∗

3(2760)K , DK∗(1410) and D∗
2(2460)K∗.

From Table 6, Γtotal(Ds(3
3P1))=211.6 MeV and the

dominant decay channels of Ds(3
3P1) are: D1(2430)K∗,

D∗

3(2760)K, D(2600)K and D∗

2(2460)K.
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Table 4. Hadronic decay widths of Ds(3
3P0) (MeV).

channels width channels width

D0K+ 10.5 Ds1(2536)η 0.3

D+K0 10.3 D1(2430)0K+ 7.8

Dsη 0.2 D1(2430)+K0 7.6

D(2550)0K+ 9.8 Ds1(2460)η 0.2

D(2550)+K0 9.7 D1(2420)0K∗+ 8.1

D0K(1460)+ 5.5 D1(2420)+K∗0 8.2

D+K(1460)0 6.9 D1(2430)0K∗+ 5.7

D∗0K∗+ 3.2 D1(2430)+K∗0 5.7

D∗+K∗0 2.8 D∗0K1(1270)+ 1.1

Ds
∗φ 4.0 D∗+K1(1270)0 1.1

D∗
0(2400)0K∗+ 0.6 D∗0K1(1400)+ 0.3

D∗
0(2400)+K∗0 2.2 D∗

2(2460)0K∗+ 3.0

D∗
s0(2317)φ 2.0 D∗

2(2460)+K∗0 2.5

D0K1(1270)+ 0.8 (11D2)D(2750)0K+ 19.3

D+K1(1270)0 0.6 (11D2)D(2750)+K0 18.8

D0K1(1400)+ 1.5 (13D2)D(2750)0K+ 6.7

D+K1(1400)0 1.7 (13D2)D(2750)+K0 6.5

D1(2420)0K+ 0.1 (21S0)Ds(2650)η 0.1

D1(2420)+K0 0.1 Γtotal 175.5

Table 5. Hadronic decay widths of Ds(3
1P1) (MeV).

channels width channels width

D0K∗+ 3.9 Ds1(2460)η 0.0

D+K∗0 3.7 D1(2420)0K∗+ 7.9

Dsφ 0.1 D1(2420)+K∗0 8.1

D0K∗(1410)+ 13.0 D1(2430)0K∗+ 9.3

D+K∗(1410)0 12.4 D1(2430)+K∗0 9.3

D∗0K+ 7.7 D∗0K1(1270)+ 8.1

D∗+K0 7.6 D∗+K1(1270)0 8.4

Ds
∗η 0.2 D∗0K1(1400)+ 2.6

D∗0K∗+ 2.7 D∗+K1(1400)0 1.8

D∗+K∗0 2.4 D0K∗
2(1430)+ 3.1

Ds
∗φ 2.0 D+K∗

2(1430)0 3.2

D∗0K∗(1410)+ 15.9 D∗
2(2460)0K+ 14.6

D∗+K∗(1410)0 4.5 D∗
2(2460)+K0 14.4

D∗
0(2400)0K+ 2.5 D∗

s2(2573)η 3.9

D∗
0(2400)+K0 1.3 D∗

2(2460)0K∗+ 13.0

D∗
s0(2317)η 0.2 D∗

2(2460)+K∗0 12.4

D0K∗
0(1430)+ 1.4 D∗(2600)0K+ 11.9

D+K∗
0(1430)0 1.6 D∗(2600)+K0 12.0

D∗
0(2400)0K∗+ 0.0 (11D2)D(2750)0K+ 0.0

D∗
0(2400)+K∗0 0.0 (11D2)D(2750)+K0 0.0

D∗
s0(2317)φ 0.0 (13D2)D(2750)0K+ 0.0

D0K1(1270)+ 0.0 (13D2)D(2750)+K0 0.0

D+K1(1270)0 0.0 D1
∗(2760)0K+ 0.7

D0K1(1400)+ 0.0 D1
∗(2760)+K0 0.7

D+K1(1400)0 0.0 D∗
3(2760)0K+ 14.4

D1(2420)0K+ 0.0 D∗
3(2760)+K0 13.1

D1(2420)+K0 0.0 D∗
s1(2860)η 0.5

Ds1(2536)η 0.0 D∗
s3(2860)η 0.0

D1(2430)0K+ 0.0 D∗
s1(2700)η 3.5

D1(2430)+K0 0.4 Γtotal 260.4

Table 6. Hadronic decay widths of Ds(3
3P1) (MeV).

channels width channels width

D0K∗+ 4.1 Ds1(2460)η 0.0

D+K∗0 3.8 D1(2420)0K∗+ 4.5

Dsφ 0.2 D1(2420)+K∗0 4.6

D0K∗(1410)+ 7.2 D1(2430)0K∗+ 11.9

D+K∗(1410)0 6.6 D1(2430)+K∗0 12.0

D∗0K+ 8.5 D∗0K1(1270)+ 7.6

D∗+K0 8.3 D∗+K1(1270)0 8.0

Ds
∗η 0.1 D∗0K1(1400)+ 2.3

D∗0K∗+ 3.7 D∗+K1(1400)0 1.7

D∗+K∗0 3.3 D0K∗
2(1430)+ 2.5

Ds
∗φ 2.0 D+K∗

2(1430)0 2.8

D∗0K∗(1410)+ 0.0 D∗
2(2460)0K+ 9.1

D∗+K∗(1410)0 0.0 D∗
2(2460)+K0 9.0

D∗
0(2400)0K+ 0.0 D∗

s2(2573)η 2.6

D∗
0(2400)+K0 0.0 D∗

2(2460)0K∗+ 3.6

D∗
s0(2317)η 0.0 D∗

2(2460)+K∗0 3.2

D0K∗
0(1430)+ 0.0 D∗(2600)0K+ 9.8

D+K∗
0(1430)0 0.0 D∗(2600)+K0 9.3

D∗
0(2400)0K∗+ 0.3 (11D2)D(2750)0K+ 3.4

D∗
0(2400)+K∗0 1.7 (11D2)D(2750)+K0 3.4

D∗
s0(2317)φ 1.8 (13D2)D(2750)0K+ 6.7

D0K1(1270)+ 0.0 (13D2)D(2750)+K0 6.5

D+K1(1270)0 0.0 D1
∗(2760)0K+ 0.1

D0K1(1400)+ 1.2 D1
∗(2760)+K0 0.1

D+K1(1400)0 1.4 D∗
3(2760)0K+ 12.0

D1(2420)0K+ 1.7 D∗
3(2760)+K0 11.0

D1(2420)+K0 1.6 D∗
s1(2860)η 0.3

Ds1(2536)η 0.2 D∗
s3(2860)η 0.0

D1(2430)0K+ 1.8 D∗
s1(2700)η 2.3

D1(2430)+K0 1.8 Γtotal 211.6

From Table 7, Γtotal(Ds(3
3P2)) = 307.9 MeV (138.4

MeV in Ref. [12]) and the dominant decay channels
of Ds(3

3P2) are: D∗K∗(1410), D∗
2(2460)K∗, DK∗(1410)

and D(2600)K.
Ds(2650) cannot be produced from hadronic decay

of Ds(3
1,3P1), but it may be produced from hadronic de-

cays of Ds(3
3P0,2) in Ds(2650)η channels. The partial de-

cay width ΓDs(33P0)→Ds(2650)η =0.1 MeV and the branch-
ing fraction ΓDs(33P0)→Ds(2650)η/Γtotal =0.06%. The par-
tial decay width ΓDs(33P2)→Ds(2650)η = 2.4 MeV, and the
branching fraction ΓDs(33P2)→Ds(2650)η/Γtotal=0.78%. Ob-
viously, partial decay widths and their branching fraction
ratios for hadronic production of Ds(2650) from higher
excited Ds(3

3P0,2) are too small to be observed in exper-
iment. In summary, it is really difficult to observe the
Ds(2650)η channel from hadronic decays of Ds(3P ).

4 Discussion and conclusions

The missing JP = 0− radial excitation Ds(2650) is
anticipated to have mass 2650 MeV. The D∗K channel
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Table 7. Hadronic decay widths of Ds(3
3P2) (MeV).

channels width channels width

D0K+ 1.0 D∗0K∗
0(1430)+ 0.3

D+K0 1.1 D∗+K∗
0(1430)0 0.2

Dsη 0.3 D1(2420)0K∗+ 4.1

D(2550)0K+ 2.6 D1(2420)+K∗0 4.3

D(2550)+K0 2.7 D1(2430)0K∗+ 3.1

D0K(1460)+ 5.3 D1(2430)+K∗0 3.0

D+K(1460)0 5.0 D∗0K1(1270)+ 3.1

D0K∗+ 2.3 D∗+K1(1270)0 3.2

D+K∗0 2.2 D∗0K1(1400)+ 1.8

Dsφ 0.0 D∗+K1(1400)0 1.6

D0K∗(1410)+ 11.1 D0K∗
2(1430)+ 1.1

D+K∗(1410)0 10.9 D+K∗
2(1430)0 1.0

D(2550)0K∗+ 0.0 D∗
2(2460)0K+ 6.5

D(2550)+K∗0 0.0 D∗
2(2460)+K0 6.5

D∗0K+ 3.8 D∗
s2(2573)η 1.8

D∗+K0 3.8 D∗0K∗
2(1430)+ 1.6

Ds
∗η 0.3 D∗

2(2460)0K∗+ 25.0

D∗0K∗+ 4.8 D∗
2(2460)+K∗0 24.9

D∗+K∗0 4.4 D∗(2600)0K+ 7.1

Ds
∗φ 1.7 D∗(2600)+K0 7.6

D∗0K∗(1410)+ 45.2 (11D2)D(2750)0K+ 2.0

D∗+K∗(1410)0 44.5 (11D2)D(2750)+K0 2.0

D∗
0(2400)0K∗+ 0.1 (13D2)D(2750)0K+ 0.4

D∗
0(2400)+K∗0 1.1 (13D2)D(2750)+K0 0.4

D∗
s0(2317)φ 1.3 D1

∗(2760)0K+ 0.2

D0K1(1270)+ 2.9 D1
∗(2760)+K0 0.2

D+K1(1270)0 2.7 D∗
3(2760)0K+ 4.7

D0K1(1400)+ 1.6 D∗
3(2760)+K0 4.3

D+K1(1400)0 1.5 Ds(2650)η 2.4

D1(2420)0K+ 1.9 D∗
s1(2860)η 0.0

D1(2420)+K0 1.8 D∗
s3(2860)η 0.0

Ds1(2536)η 0.1 D∗
s1(2700)η 3.0

D1(2430)0K+ 4.9 Γtotal 307.9

D1(2430)+K0 4.9

Ds1(2460)η 2.7

is the only hadronic decay channel of Ds(2650). Ds(2650)
may be produced from some higher excited D mesons
in the hadronic Ds(2650)K channel, and it may be pro-
duced from Ds mesons in the hadronic Ds(2650)η chan-
nel. The relevant hadronic partial decay widths are very
small, which implies that Ds(2650) is difficult to observe
in hadronic decay channels from those higher excited D
or Ds mesons. Ds(2650) is anticipated to be observed in
inclusive e+e− and pp collisions, or exclusive B decays in
the D∗K channel.

Four Ds(3P ) resonances have large total decay widths
and many hadronic decay channels, but Ds(2650) seems
impossible to observe in hadronic decays of Ds(3P ).
Ds(2650) cannot be produced from hadronic decay of
Ds(3

1,3P1), but it may be produced from hadronic decays
of Ds(3

3P0,2) in the Ds(2650)η channels. The partial de-
cay width ΓDs(33P0)→Ds(2650)η =0.1 MeV and the branch-
ing fraction ΓDs(33P0)→Ds(2650)η/Γtotal =0.06%. The par-
tial decay width ΓDs(33P2)→Ds(2650)η = 2.4 MeV, and
the branching fraction ΓDs(33P2)→Ds(2650)η/Γtotal =0.78%.
Both the partial decay widths and the branching fraction
ratios are very small, which indicates that it is difficult
to observe Ds(2650) in the hadronic decays of Ds(3

3P0,2).
The dominant decay channels of Ds(3

3P0) are:
(11D2)D(2750)K, DK, D(2550)K and D1(2420)K∗. The
dominant decay channels of Ds(3

1P1) are: D∗
2(2460)K,

D∗

3(2760)K , DK∗(1410) and D∗
2(2460)K∗. The dom-

inant decay channels of Ds(3
3P1) are: D1(2430)K∗,

D∗

3(2760)K, D(2600)K and D∗
2(2460)K. The dom-

inant decay channels of Ds(3
3P2) are: D∗K∗(1410),

D∗
2(2460)K∗, DK∗(1410) and D(2600)K. Therefore,

D1(2420), D1(2430), D∗
2(2460), D(2550), D(2600),

(11D2)D(2750) and D∗

3(2760) are possible to observe in
hadronic production from Ds(3P ), which requires more
experiments.
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