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Possible 2S and 1D charmed and charmed-strange mesons

Bing Chen∗, Ling Yuan and Ailin Zhang†
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Possible 2S and 1D excited D and Ds states are studied, the charmed states D(2550)0, D∗(2600),
D(2750)0 and D∗(2760) newly observed by the BaBar Collaboration are analyzed. The masses of
these states are explored within the Regge trajectory phenomenology, and the strong decay widths
are computed through the method proposed by Eichten et al.[1]. Both the mass and the decay width
indicate that D(2550)0 is a good candidate of 21S0. D

∗(2600) and D∗
s1(2700)

± are very possible the
admixtures of 23S1 and 13D1 with JP = 1− and a mixing angle φ ≈ 190. D∗(2760) and D∗

sJ (2860)
±

are possible the 13D3 D and Ds, respectively. D(2750)0 and D∗(2760) seem two different states, and
D(2750)0 is very possible the 1D(2−, 5

2
) though the possibility of 1D(2−, 3

2
) has not been excluded.

There may exist an unobserved meson DsJ (2850)
± corresponding to D∗

sJ (2860)
±.

PACS numbers: 11.30.Hv; 12.39.Hg; 13.25.Ft
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I. INTRODUCTION

The properties of 2S and 1D Qq mesons have been
studied for a long time. However, no such higher excited
Qq state has been established for lack of experimental
data. In the past years, some higher excited charmed
or charmed-strange states were reported though most of
them have not yet been pinned down [2]. It will be useful
to systemically study the possible 2S and 1D charmed
and charmed-strange mesons in time.
The first possible charmed radial excitation,

D∗′(2640), was reported by DELPHI [3]. This state is
difficult to be understood as a charmed radially excited
state for the observed decaying channel D∗+π+π− and
decay width < 15 MeV [4]. Its existence has not yet
been confirmed by other collaboration. DsJ (2632)

+ is
another puzzling state firstly observed by SELEX [5].
It has not been observed by other collaboration either.
DsJ(2632)

+ seems impossible a conventional cs meson
for its narrow decay width and anomalous branching
ratio Γ(D0K+)/Γ(D+

s η) = 0.14± 0.06 [6] even if it does
exist. In an early analysis of the spectrum within Regge
trajectories phenomenology [7], it is pointed out that
D∗′(2640) and DsJ(2632)

+ seem not the orbital excited
tensor states or the first radially excited state.
The observation of another three Ds mesons:

D∗
s1(2700)

± [8–10], D∗
sJ(2860)

± [9, 10] and
DsJ(3040)

+ [10], has evoked much more study of
highly excited Qq mesons. The masses and the decay
widths of D∗

s1(2700)
± and D∗

sJ(2860)
± were reported

by experiments. Furthermore, the ratios of branching

fractions,
B(D∗

s1(2700)
±→D∗K)

B(D∗
s1(2700)

±→DK) = 0.91± 0.13stat ± 0.12syst

and
B(D∗

sJ (2860)
+→D∗K)

B(D∗
sJ

(2860)+→DK) = 1.10± 0.15stat± 0.19syst, were

measured. These states have been explored within some
models. D∗

s1(2700)
± was identified with the first radial

∗chenbing@shu.edu.cn
†corresponding author: zhangal@staff.shu.edu.cn

excitation of D∗
s(2112)

± [11, 12], or the Ds(1
3D1) [13],

or the mixture of them [11]. D∗
sJ (2860)

± was interpreted
as the Ds(2

3P0) [13, 14] or the Ds(1
3D1) [12, 13, 15].

DsJ(3040)
+ was identified with the radially excited

Ds(2
1
2

+
) [12, 16]. However, theoretical predictions

of these states are not completely consistent with
experiments either on their spectrum or on their decay
widths.

Four new charmed states, D(2550)0, D∗(2600)0,
D(2750)0 and D∗(2760)0 (including two isospin partners
D∗(2600)+ and D∗(2760)+) were recently observed by
the BaBar collaboration [17]. Some ratios of branching
fractions ofD∗(2600)0 and D(2750)0 were also measured.
In their report, analysis of the masses and helicity-angle
distributions indicates that D(2550)0 and D∗(2600) are
possible the first radially excited S−wave states D(21S0)
and D(23S1), respectively, while other two charmed can-
didates are possible the 1D orbitally excited states.

Theoretical analyses indicate that D(2550)0 is a good
candidate of 21S0 though the predicted narrow width
of 21S0 is inconsistent with the observation [18, 19].
D∗(2600)0 is interpreted as a mixing state of 23S1 and
13D1 [18, 19]. The calculation in Ref. [18] indicates that
D∗(2760)0 can be regarded as the orthogonal partner of
D∗(2600)0 (or 13D3), but this possibility (or D∗(2760)
is predominantly the 13D1) was excluded in Ref. [19],
where D∗(2760) is identified with the 13D3 state. In
Ref. [19], the identification of D(2750)0 and D∗(2760)
with the same resonance with JP = 3− does not favored.

Obviously, these D and Ds candidates have not yet
been pinned down. In addition to some theoretical de-
viations from experiments, some theoretical predictions
of their strong decays are different in different models.
Systematical study of these possible 2S and 1D states
in more models is required. In this paper, the method
proposed by Eichten et al. [1] is employed to study the
strong decay of the heavy-light mesons. We will label
them with the notaion nL(JP , jq) in most cases, where
n is the radial quantum number, L is the orbital angular
momentum, JP refers to the total angular momentum
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and parity, jq is the total angular momentum of the light
degrees of freedom.
The paper is organized as follows. In Sec.II, the spec-

trum of 2S and 1D Ds and D will be examined within
the Regge trajectory phenomenology. In Sec.III, two-
body strong decay of these states will be explored with
EHQ’s method. Finally, we present our conclusions and
discussions in Sec.IV.

II. MASS SPECTRUM IN REGGE

TRAJECTORIES

Linearity of Regge trajectories (RTs) is an important
observation in particle physics [22]. In the relativized
quark model [20], the RTs for normal mesons are linear.
For Qq mesons, the approximately linear, parallel and
equidistant RTs were obtained both in (J,M2) and in
(nr,M

2) planes in the framework of a QCD-motivated
relativistic quark model [23].
However, when RTs are reconstructed with the exper-

imental data, the linearity is always approximate. For
orbitally excited states, Tang and Norbury plotted many
RTs of mesons and indicated that the RTs are non-linear
and intersecting [24]:

M2 = aJ2 + bJ + c, (1)

where the coefficients a, b, c are fixed by the experimental
data, and |a| ≪ |b| [24]. The coefficients are usually
different for different RTs.
For radially excited light qq mesons, Anisovich et

al. systematically studied the trajectories on the planes
(n,M2) in the mass region up to M < 2400 MeV [25].
The RTs on (n,M2) plots behave as

M2 =M2
0 + (n− 1)µ2, (2)

where M0 is the mass of the basic meson, n is the radial
quantum number, and µ2 is the slope parameter of the
trajectory.
Possible 1S and 2S D and Ds states are listed in

Table I, , where †D′
s(2635) is the predicted mass of

2S(1−, 12 ) Ds meson. It is easy to notice that these
candidates of 1S and 2S meet well with the trajecto-
ries on the (n,M2) plot according to Eq. (2). The nar-
row charmed strange state DsJ (2632)

+ is located around
the mass region of 2S Ds. However, the exotic rela-
tive branching ratio Γ(D0K+)/Γ(D+

s η) = 0.14 ± 0.06
excludes its 2S(1−, 12 ) possibility. Therefore, we denotes

the 2S(1−, 12 ) Ds meson with †D′
s(2635). As pointed in

Ref. [12], the 2P candidate DsJ (3040)
+ meets well with

the trajectory on the (n,M2) plot.
The measured masses of D(2750)0, D∗(2760) and

D∗
sJ(2860)

± seem a little lower than most theoretical pre-
dictions of the 1D states [20, 21, 23]. In Fig.1, non-linear
RTs of D and Ds states consisting of 13S1(1

−), 13P2(2
+)

and 13D3(3
−) were reconstructed, where the polynomial

fits indicate |a| ≪ |b|. In a relativistic flux tube model,

States (0−, 1
2
) (1−, 1

2
) (0−, 1

2
) (1−, 1

2
)

2S D(2550)0 D∗
1(2600)

†D′
s(2635) D∗

s1(2700)
±

1S D(1869)± D∗(2007)0 Ds(1968)
± D∗

s (2112)
±

µ2(GeV2) 2.97 2.78 3.07 2.88

TABLE I: 1S and 2S D and Ds mesons.

a ratio bhl/bll = 2 was obtained at the lowest order [26],
where bhl is the coefficient for the heavy-light meson and
bll is the coefficient for the light-light meson in Eq. (1).
The bll (about 0.70 ∼ 1.60) has been obtained in Ref. [24].
the fitted bhl of D and Ds in Fig.1 is about 2.74 and 3.03,
respectively. Obviously, the fitted ratio is consistent with
the theoretical prediction.

Ds1
* H2112L±

Ds2
* H2573L±

DsJ
* H2860L±

D2
* H2460L0

D* H2760L0

An 2 S+1LJE:
1 3S1 -1 3P2 -1 3D3

D1
* H2007L0

1.0 1.5 2.0 2.5 3.0

4

5

6

7

8

J

M
2
H

G
eV

2
L

FIG. 1: Non-linear RTs of the D and Ds triplet with N ,
S = 1. The polynomial fits are M2 = −0.23J2 +2.74J +1.53
(GeV2) and M2 = −0.29J2 + 3.03J + 1.72 (GeV2), respec-
tively.

Through the analysis of the spectrum only, D(2550)0,
D∗(2600) and D∗

s1(2700)
± are very possible the first

radially excited D and Ds states, and D∗(2760) and
D∗

sJ(2860)
± are possible the 13D3 states.

However, as well known, the RTs can only give a pre-
liminary analysis of the observed states, the investigation
of the decay widths and the ratios of branching fractions
will be more useful to shed light on the underlying prop-
erties of these states.

III. DECAY WIDTH IN EHQ’S FORMULA

The decay properties of heavy-light mesons have been
studied in detail in the heavy quark effective theory
(HQET). Here, a concise method proposed by Eichten
et al. [1] is employed to study the decays of D and Ds

mesons. As well known, in the heavy quark symmetry
theory, the heavy-light mesons degenerate in jPl , i.e., two
orbital ground states form a spin doublet 1S(0−, 1−) with

jPl = 1
2

−
, and the decay amplitude satisfies certain sym-

metry relations due to the heavy quark symmetry [27].
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Therefore, the decays of the two mesons in one doublet
are governed by the same transition strength.
In the decay of an excited heavy-light meson H ,

characterized by nL(JP , jl), to a heavy-light meson H ′

(n′L′(J ′P
′

, j′l)) and a light hadron h with spin sh and or-
bital angular momentum l relative to H ′, the two-body
strong decay width (the EHQ’s formula) is written as [1]

ΓH→H′h = ζ(C
sQ,j′q ,J

′

jh,jq,J
)2F

jq,j
′
q

jh,l
(0)p2l+1exp(−

p2

6β2
). (3)

Where

C
sQ,j′q,J

′

jh,J,jq
=

√
(2J ′ + 1)(2jq + 1)

{
sQ j′q J ′

jh J jq

}

and
−→
j h = −→s h +

−→
l . F

jq,j
′
q

jh,l
(0) is the transition strength,

and p is the momentum of decay products in the rest
frame of H . The coefficients C depend only upon the
total angular momentum jh of the light hadron, and not
separately on its spin sh and the orbital angular momen-
tum l of the decay. The flavor factor ζ used in this paper
for different decay channels can be found in Ref. [21].
For lack of measurements of partial widths in the

charmed states, the decay width of K mesons (i.e.
K1(1270) → ρK) was used to fix the transition strength
in Ref. [1]. c and b quarks are much heavier than u, d
and s quarks, so the open charmed or bottomed mesons
provide better place to test EHQ’s formula. Systemati-
cal study of S− and P−wave heavy-light meons (D, B,
Ds and Bs mesons) by EHQ’s formula have been pre-
sented in Ref. [28]. In the reference, the EHQ’s formula
is also obtained by the well-known 3P0 model [29]. In

this way, the transition strength F
jq,j

′
q

jh,l
(0) obtained in

the 3P0 model includes only two parameters, the dimen-
sionless parameter γ and the wave function inverse length
scale β (0.35 ∼ 0.40 GeV) [28].

The relevant transition strengths F
jq,j

′
q

jh,l
(0) used in this

paper are given in Table II. Some expressions in the table
are from Ref. [30, 31], and others are obtained in the
3P0 model in detail in Ref. [28]. For these transition
strengths, a constant

G = π1/2γ2
210

34
M̃BM̃C

M̃A

1

β
(4)

was omitted. Here the phase space normalization of
Kokoski and Isgur is employed [20, 31].
In the analysis follows, the decay widths of possible

2S and 1D D and Ds states are computed in terms of
Eq. (3).

①. 21S0 or [2S(0−, 12 )]

D(2550)0 observed in the decay channel D∗+π− is
a good candidate of 21S0 charmed meson. Following
the procedure in Ref. [28], we take the decay width of
D∗

2(2460)
0 as an input and obtain the d−wave transition

strength F
3
2
, 1
2

2,2 (0) = 0.964 GeV−4 with β = 0.38 GeV−1,

nL(jPl ) → nL(jPl ) + P F
jq ,j

′
q

jh,l (0) Polynomial of p/β

2S( 1
2

−
) → 1S( 1

2

−
) + 0− F

1
2
, 1
2

1,1 (0) 52

34
1
β2 (1−

2
15

p2

β2 )
2

2S( 1
2

−
) → 1P ( 1

2

+
) + 0− F

1
2
, 1
2

0,0 (0) 1
2·33

(1− 7
9

p2

β2 + 2
27

p4

β4 )
2

2S( 1
2

−
) → 1P ( 3

2

+
) + 0− F

1
2
, 3
2

2,2 (0) 132

37
1
β4 (1−

2
39

p2

β2 )
2

1D( 3
2

−
) → 1S( 1

2

−
) + 0− F

3
2
, 1
2

1,1 (0) 5·2
34

1
β2 (1−

2
15

p2

β2 )
2

1D( 3
2

−
) → 1S( 1

2

−
) + 1− F

3
2
, 1
2

1,1 (0) 22

34
1
β2 (1−

2
15

p2

β2 )
2

1D( 3
2

−
) → 1P ( 1

2

+
) + 0− F

3
2
, 1
2

2,2 (0) 5
37

1
β4 (1 +

2
15

p2

β2 )
2

1D( 3
2

−
) → 1P ( 3

2

+
) + 0− F

3
2
, 3
2

0,0 (0) 22·5
33

(1− 5
18

p2

β2 + 1
135

p4

β4 )
2

F
3
2
, 3
2

2,2 (0) 132

37·5
1
β4 (1−

2
39

p2

β2 )
2

1D( 5
2

−
) → 1S( 1

2

−
) + 0− F

5
2
, 1
2

3,3 (0) 23

36·5
1
β6

1D( 5
2

−
) → 1S( 1

2

−
) + 1− F

5
2
, 1
2

3,3 (0) 25

37·5
1
β6

F
5
2
, 1
2

2,1 (0) 24

34
1
β2 (1−

2
15

p2

β2 )
2

1D( 5
2

−
) → 1P ( 1

2

+
) + 0− F

5
2
, 1
2

2,2 (0) 22·5
37

1
β4 (1−

1
15

p2

β2 )
2

1D( 5
2

−
) → 1P ( 3

2

+
) + 0− F

5
2
, 3
2

2,2 (0) 25·7
37·5

1
β4 (1−

1
42

p2

β2 )
2

F
5
2
, 3
2

4,4 (0) 24

38·5·7
1
β8

TABLE II: The transition strength F
jq ,j

′
q

jh,l (0), where the sign
“P” denotes a light pseudoscalar meson or a light vector me-
son.

where

F
3
2
, 1
2

2,2 (0) = G
22

34
1

β4
.

All other transition strength F
jq,j

′
q

jh,l
(0) in Table II could

be fixed once the mock-meson masses M̃i effect has
been taken into account. According to our computa-
tion [28], the total decay width of D(2550)0 Γ = 124.1
MeV. The dominating decay mode is the D∗π channel
with Γ(D∗π) = 121.0 MeV, and the decay width of an-
other allowed D∗

0(2400)π channel is 3.1 MeV (the mass
of D∗

0(2400) is taken as 2318 MeV [2]).
These results agree well with the experiments. It

explains the fact that D(2550)0 was first observed in
D∗+π− [17]. In Fig. 2, the variation of the decay width
with β is plotted. Obviously, the observed decay width
of D(2550)0 is well obtained in the reasonable region of
β (0.35 ∼ 0.40 GeV),
In Ds states, the mass of the 21S0 state is predicted

around 2635±20MeV (a little smaller than the threshold
of D∗η and D∗

0(2400)K), and D∗K is the only two-body
strong decay channel. Our result for this decay channel is
Γ(D∗K) ≈ 82.2±15.1 MeV, so the observed DsJ(2632)

+

is impossible the 21S0 Ds meson.
②. Mixing states of 23S1 and 13D1

The spectrum and the helicity-angle distributions sup-
port the suggestion that D∗(2600) is the 23S1. However,
if D∗(2600) is a pure 23S1 state, its decay width is about
163.7 MeV (β = 0.38 GeV−1). This decay width seems
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FIG. 2: The decay width with β, where one takes D(2550)0 as
a pure 21S0 (green line) state and D∗(2600)0 as a pure 23S1

(red line) state. Dash lines refer to central values of decay
width given by experiment.

broader (see Fig. 2) than the experiment (93 ± 6 ± 13
MeV). Similarly, the decay width of D∗

s1(2700)
± is 230.5

MeV if it is a pure 23S1, which deviates also from the
experiment (125± 30 MeV).
In charmonium system, ψ(2S) and ψ(3770) are two

orthogonal partners of mixtures of 23S1 and 13D1 with
JPC = 1−− [32]. This mixing scheme has also been
employed to explain the decay width and the ratio of
branching fractions of D∗

s1(2700)
± and D∗

sJ(2860)
± [11].

Similarly, we denote two orthogonal partners (JP = 1−)
of D and Ds as

|(SD)1〉L = cosφ|23S1〉 − sinφ|13D1〉,

|(SD)1〉R = sinφ|23S1〉+ cosφ|13D1〉.
(5)

When D∗(2600) and D∗
s1(2700)

± are identified with
the |(SD)1〉L of D and Ds, respectively, their decay
widths variation with the mixing angle φ are calcu-
lated and presented in Fig. 3. The experimental decay
widths of D∗(2600) and D∗

s1(2700)
± are well obtained at

φ ≈ 200,
The ratios of branching fractions variation with the

mixing angle φ are presented in Fig. 4. When φ ≈ 200,
the observed ratio of branching fraction B(D∗(2600)0 →
D+π−)/B(D∗(2600)0 → D∗+π−) = 0.32 ± 0.02 ± 0.09
is also obtained. However, theoretical B(D∗

s1(2700) →
DK)/B(D∗

s1(2700) → D∗K) seems a little smaller than
the experimental data. More experimental measurements
of the ratios are required.
The partial widths of all two-body strong decay modes

of D∗(2600)0 and D∗
s1(2700)

± are presented in Table III.
Their total decay widths are in accord with experiments.
In summary, D∗(2600)0 and D∗

s1(2700)
± are very possi-

ble the |(SD)1〉L of D and Ds, respectively.
The decay channels D∗(2760)0 → D+π− and

D∗
sJ(2860)

+ → D0K+ have been observed. However,
it is difficult to identify D∗(2760)0 and D∗

sJ(2860)
+ with

the |(SD)1〉R, the orthogonal partners of D∗(2600) and
D∗

s1(2700)
±, respectively. In that case, the decay width
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D
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L

93±6±13
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D*H2600L0

Ds1
* H2700L±

FIG. 3: Decay widths of D∗(2600)0 (green line) and
D∗

s1(2700)
± (red line) with the mixing angle φ. Dash lines

refer to central values of decay width given by experiment.

-50 0 50
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0.5
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2.5

Mixing Angle Φ HDegreeL
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�G
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D*H2600L0
Ds1
* H2700L±

FIG. 4: Ratios of branching fractions with the mixing angle
φ of D∗(2600)0 (green line) and D∗

s1(2700)
± (red line). Dash

lines refer to central values of experiments.

of D∗
sJ (2860)

+ is broader than 200 MeV and the decay
width of D∗(2760)0) is broader than 110 MeV, these pre-
dictions are much broader than the experimental results.

③. 13D3 or [1D(3−, 52 )]

D∗(2760) and D∗
sJ (2860)

± are very possible the 13D3

D and Ds, respectively.

Modes(1) Γi(MeV) Modes(2) Γi (MeV) Modes(2) Γi(MeV)

D∗ K 76.8 D∗ π 60.7 Ds K 3.2

D K 36.7 D π 22.5 D′
1(2430)π 2.2

D∗
s η 4.6 D∗ η 1.2 D1(2420)π 0.1

Ds η 8.2 D η 2.0 D∗
2(2460)π 0

Γ
(1)
total 126.2 Γ

(2)
total 92.0

Expt. 125 ± 30 Expt. 93± 19

TABLE III: Two-body strong decays of the admixture of 23S1

and 13D1 with JP = 1−. Here β = 0.38 GeV−1 and mixing
angle φ ≈ 190. “Modes(1)” refers to decay modes ofD∗

s1(2700)

and “Modes(2)” refers to decay modes of D∗(2600).
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Modes(a) Γi(MeV) Modes(b) Γi(MeV) Modes(b) Γi(MeV)

D∗ K 12.3 D∗ π 12.4 Ds K 0.9

D K 28.4 D π 22.0 D∗
s K 0.1

D∗
s η 0.6 D∗ η 0.2 D′

1(2430)π 1.1

Ds η 3.0 D η 0.8 D1(2420)π 0.4

D K∗ 0.5 D ρ 0.1 D∗
2(2460)π 1.3

Ds ω 0.2 D ω 0 - -

Γ
(a)
total 44.9 Γ

(b)
total 39.3

Expt. 48± 7 Expt. 60.9 ± 8.7

TABLE IV: Two-body strong decays of the states 13D3.
“Modes(a)” refers to decay modes of D∗

sJ (2860) and

“Mode(b)” refers to those of D∗(2760).

D∗(2760)0 was observed in the decay channel D+π−

and was suggested to be a D−wave charmed meson [17].
If D∗(2760)0 has the same JP with the 13D1, it would
have a broad width through the mixing scheme men-
tioned above.

Under the assumption that both D∗(2760) and
D∗

sJ(2860)
± are the 13D3 states, their partial widths and

total decay widths are given in Table IV. The predicted
decay widths of them are in accord with experimental
results.

D(2750)0 has mass close to that of D∗(2760), if
these two states are the same state of 13D3, the pre-
dicted ratio Γ(D∗(2760) → Dπ)/Γ(D∗(2760) → D∗π) =
1.78 (see Table IV) is much larger than the observed
B(D∗(2760)0 → D+π−)/B(D(2750)0 → D∗+π−) =
0.42 ± 0.05 ± 0.11. This fact supports the suggestion
that D(2750)0 and D∗(2760) are two different charmed
states [17, 19].

For D∗
sJ(2860)

±, the predicted Γ(D∗
sJ (2860)

± →
D∗K)/Γ(D∗

sJ(2860)
± → DK) = 0.43 is much smaller

than the experimental
B(D∗

sJ (2860)
+→D∗K)

B(D∗
sJ

(2860)+→DK) = 1.10 ±

0.15stat ± 0.19syst.

It is noticed that the mass gaps of the corresponding
ground state between D and Ds are about 100 MeV [2].
The mass gap between D∗

s1(2700)
± and D∗(2600), and

the mass gap between D∗
sJ(2860)

± and D∗(2760) are also
about 100 MeV. The mass gap supports also the sugges-
tion that D∗

s1(2700)
± is a similar state as D∗(2600) with

the same JP . Therefore, there should exist a charmed-
strange DsJ(2850)

± which has the same (JP , jq) of
D(2750)0 with mass close to D∗

sJ(2860)
±.

④. 1D(2−, 32 ) and 1D(2−, 52 )

D(2750)0 was observed in D∗+π− and is possible
a 1D(2−, 32 ) or 1D(2−, 52 ), there exists similar as-
signment for the suggested DsJ (2850)

±. The partial
widths of some two-body decay modes of D(2750)0 and
DsJ(2850)

± in the two possible assignments have been
computed and presented in Table V.

If DsJ(2850)
± is the 1D(2−, 32 ), the pre-

dicted ratio of branching fraction B(DsJ(2850) →
D∗K)/B(DsJ(2860) → DK) is about 2.42. Theoretical

Modes† (2−, 3
2
) (2−, 5

2
) Modes‡ (2−, 3

2
) (2−, 5

2
)

D∗ π 58.9 20.0 D∗ K 96.2 19.2

D∗ η 5.4 0.2 D∗
s η 21.7 0.9

D∗
s K 8.6 0.2 D K∗ 4.3 18.0

D ρ 1.9 9.2 - - -

D ω 0.7 3.3 Ds ω 2.7 13.3

D∗
0(2400)π 0.6 10.9 D∗

0(2400)K 0.2 0.2

D′
1(2430)π 0.2 1.4 - - -

D1(2420)π 0.5 1.4 - - -

D∗
2(2460)π 1.2 0.3 - - -

Γ
(†)
total (MeV) 77.9 47.9 Γ

(‡)
total (MeV) 125.1 51.6

Expt. - 71± 17 Expt. - -

TABLE V: Two-body strong decays of the states (2−, 3
2
) and

(2−, 5
2
). “Modes†” and “Modes‡” refer to decay modes of

D(2750)0 and DsJ (2850), respectively.

predictions of the decay width and the ratio of branch-
ing fraction B(D∗(2760)0 → D+π−)/B(D(2750)0 →
D⋆+π− = 0.52 of D(2750)0 are in accord with experi-
ment.

If D(2750)0 and DsJ(2850)
± are the 1D(2−, 52 ),

D(2750)0, D∗(2760)0 and DsJ (2850)
±, D∗

sJ(2860)
± form

the 1D(2−, 3−) doublet of D and Ds, respectively. For
charmed mesons D(2750)0 and D∗(2760)0, we obtained

B(D0[ 52
−
] → D+π−)/B(D0[ 52

−
] → D⋆+π−) ≈ 0.44,

which is in accord with the observed B(D∗(2760)0 →
D+π−)/B(D(2750)0 → D∗+π−) = 0.42 ± 0.05 ± 0.11.

We obtained B(D+
sJ [

5
2

−
] → D∗K)/B(D+

sJ [
5
2

−
] → DK) ≈

1.71 for the charmed-strange mesons DsJ(2850)
± and

D∗
sJ(2860)

±, and the observed
B(D∗

sJ (2860)
+→D∗K)

B(D∗
sJ

(2860)+→DK) =

1.10± 0.15stat ± 0.19syst. Theoretical predictions are in
accord with experiments within the uncertainties of the
3P0 model.

In our computation, a simple device known as the
Shmushkevich factory [33] is employed. In this device,
when a sample of a doublet 1D(2−, 3−) with random po-
larizations of the c quark are considered, 5/12 of this
sample is 1D(2−, 52 ), and 7/12 is 1D(3−, 52 ). In the tran-
sition with one final ground (s−wave) charmed state, the
charmed state has also randomly polarized c quark, which
means that 1/4 of the charmed state isD and 3/4 of them
isD∗. Therefore, in the decays of 1D(2−, 3−) into ground
charmed states, 3/7 of 1D(3−, 52 ) decay intoD and 4/7 of

1D(3−, 52 ) decay into D∗. In this case, the partial width
of D∗K observed by experiment is the total one of both
D(2750)0 and D∗(2760)0.

Of course, the two states in the doublet 1D(2−, 3−)
( 1D(2−, 52 ) and 1D(3−, 52 )) have masses close to each
other while their mass splitting is comparable to the un-
certainty of their masses, it will be difficult to distin-
guish these two states through the channel of Dπ and
D∗π. However, the state 1D(2−, 52 ) decays through the

P−wave and the F−wave while the state 1D(3−, 52 ) can
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only decay through the F−wave. Therefore, the widths
of decay channels Dρ and Dω of D(2750)0 would much
broader than those of D∗(2760)0. The observation of the
channels Dρ and Dω in forthcoming experiments will be
useful to pin down these states.

IV. CONCLUSIONS AND DISCUSSIONS

In this work, we study the possible 2S and 1D D and
Ds states, especially the four new D candidates observed
by the BaBar Collaboration. Both the mass and the
decay width indicate that D(2550)0 is a good candidate
of the 21S0 charmed state. The observed DsJ (2632)

+

is impossible the 21S0 Ds meson, which is predicted to
have mass about 2635± 20 MeV and decay width about
82.2± 15.1 MeV.
D∗(2600) and D∗

s1(2700)
± are very possible the ad-

mixtures of 23S1 and 13D1 with JP = 1− and a mixing
angle φ ≈ 190. Our analysis does not support the possi-
bility that D∗(2760) and D∗

sJ(2860)
± are the orthogonal

partners of D∗(2600) and D∗
s1(2700)

±, respectively.

An unobserved meson, corresponding to D(2750)0,
DsJ(2850)

±, may exist, more measurement of
D∗

sJ(2860)
± is required. D∗(2760) and D∗

sJ(2860)
±

could be identified with the 13D3 D and Ds states,
respectively. D(2750)0 and D∗(2760) favor to form
the doublet 1D(2−, 3−). The possibility that D(2750)0

is the 1D(2−, 32 ) state has not been excluded, so the
observation of the channels Dρ and Dω in experiment
would be important for the identification of D(2750)0

and D∗(2760)0. Based on the simple device known
as the Shmushkevich factory, some ratios of branching
fractions given by experiments are well understood.
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