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Revealing the inner structure of the newly observed D3 (3000)
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Stimulated by the D3(3000) recently observed by LHCb, we study the decay behaviors of the 3P and 2F
charmed mesons. Comparing the masses and decay properties of the 33P, and 23F, with the observed
D3(3000), we conclude that the most probable assignment is the 33P,, while the assignment of the 23F,

may not be fully excluded. The results of the unobserved 3P and 2F charmed mesons in this work may
provide some fundamental information when further searching for these charmed mesons in the

experiments by LHCb and the forthcoming Belle II.
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I. INTRODUCTION

Very recently, the LHCb Collaboration reported their
amplitude analysis of B~ — DTz~ z~ decays in a data
sample corresponding to 3.0 fb~! of pp collision data [1].
The angular momenta of the resonances at the high Dz~
invariant mass are analyzed, in which the contributions
from the D3(2460), D7(2680), and D}(2760) are observed.
Besides these three resonances, a higher one D3(3000) is
also reported with the mass and width to be

m = 3214 + 29 + 33 + 36 MeV, (1)

I' =186 =38 34 £ 63 MeV, (2)

respectively [1]. The J¥ quantum number of the D3(3000)
is measured to be 2* [1].

Before the observation of the D3(3000), a great achieve-
ment was made in the past decades. A number of the
charmed mesons were observed experimentally [2-9].
These observations not only made the charmed meson
spectrum abundant but also gave theorists motivation to
reveal the nature of the newly observed states from the mass
spectrum and decays [10-18], which could undoubtedly
deepen our understanding of the highly excited charmed
mesons.
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Thirty years ago, Godfrey and Isgure (GI) performed a
systematical study of the meson spectra in a semirelativistic
quark model [10], in which a quenched confinement
potential was employed to describe the quark-antiquark
interactions. The low-lying charmed mesons were well
reproduced by the so-called GI model [10]. However, there
exist some difficulties in understanding the recently
observed higher excitations of the charmed mesons, which
are due to a typical quenched model of the GI model. As
proposed in Refs. [19,20], we include the unquenched
peculiarity in the semirelativistic quark model by replacing
the linear confining potential with a screened one, which is
consistent with the unquenched lattice QCD calculation
and some holographic model [21-24]. In this modified GI
model [19,20], the charmed and charmed strange meson
spectra and their decays could be better described than the
GI model.

As for the newly observed D3(3000), it could be a P-
wave or F-wave charmed meson. With the same parameters
as in Ref. [20], the masses of the 23P,, 3°P,, 13F,, and
23F, charmed mesons are calculated and are shown in
Fig. 1. As a comparison, the newly observed D3(3000) is
also presented, and the mass differences of the theoretical
calculation and the central value of the observed one are
also marked. The mass of the D}(3000) is quite consistent
with the predicted mass of a 33 P, state, which is 3234 MeV.
As for the mass of a 23P2 state, the theoretical estimate is
2884 MeV, which is about 330 MeV below the central
value of the D3(3000) mass. In addition, the total width of
the 2° P, state was estimated to be 68.89 MeV when taking
its mass as 2884 MeV in Ref. [20], which is much smaller
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FIG. 1. A comparison of the masses of the 23P,, 33P,, 13F,,
and 23F, charmed mesons of the modified GI model [20] and the
experimental measurement of the D3;(3000) [1]. The light gray
band indicates the error of the D3;(3000) mass [1].

than the D3(3000). As for the F-wave charmed meson, the
estimated masses of the 1°F, and 2°F, states are 3053 and
3364 MeV, respectively, and are about 161 MeV below and
150 MeV above the D3(3000). The total width of the 13F,
was estimated to be 222.02 MeV when taking its mass as
3053 MeV in Ref. [20], which does not conflict with the
D3(3000). Although the observed D3(3000) could be a
good candidate of the 33 P, from the spectral point of view,
we cannot fully exclude the other assignments of the
D3(3000) such as a 2*F, state considering the uncertainty
of the theoretical predictions.

To further check possibilities of different assignments of
the D5(3000), we study its decay behaviors in different
cases. In the present work, we adopt the quark pair creation
(QPC) model to estimate the Okubo-Zweig-lizuka (OZI)
allowed decays of the D;(3000), which was first proposed
by Micu [25] and further developed by the Orsay group
[26-30]. The decay behaviors of the 2P and 1F charmed
mesons have been investigated in Ref. [20]. In the present
work, we further study the decays of the 3P and 2F states to
reveal the inner structure of the newly observed D3(3000).
The decay behaviors of the D3(3000) could in turn check
our understanding of the charmed meson spectrum pro-
posed in Ref. [20].

This paper is organized as follows. In Sec. II, we will
briefly review the QPC model and present our calculation
of the two-body OZI-allowed decays of the 3P and 2F
charmed mesons. Section III is dedicated to a discussion
and summary.

II. QPC MODEL AND DECAYS OF THE 3P
AND 2F CHARMED MESONS

The QPC model is a phenomenological method to
estimate the OZI allowed strong decays. In the QPC model,

PHYSICAL REVIEW D 94, 094044 (2016)

the quark-antiquark pair is created from the vacuum with
JPC = 0t Thus, the QPC model is also named the 3P,
model. In the following, we present a brief review of the
QPC model. Taking the OZI allowed strong decay process
A — BC as an example, the corresponding S— matrix is

(BCIS|A) = I — i(27)5(E, — E;)(BC|TIA).  (3)

In the nonrelativistic limit, the transition operator 7 is
defined as

T = 3> (1ms1 = {00} [ dpsdp.d(ps + o)

m,i

P;—P
Xy1m< 3 ) 4))(?:;1 84a)(3)4b§i<P3)dL(P4). (4)

This transition operator is introduced to describe the quark-
antiquark (denoted by indices 3 and 4, respectively) created
from the vacuum. The phenomenological creation strength
y for qq is taken as y = 8.7 [20], while the strength for s§
satisfies v, = 7/v/3. V() = [P|Y (D) is the £th solid
harmonic polynomial. y, ¢, and @ are the general descrip-
tion of the spin, flavor, and color wave functions of the
quark-antiquark pair, respectively.

With the above transition operator 7, the transition
matrix of a process A — BC is given by

(BC|T|A) = & (pg + pc) M™MaMistoc, (5)

where Py and P, are the momenta of the mesons B and C
in the A rest frame, respectively. |A), |B), and |C) denote
mock states corresponding to mesons A, B, and C,
respectively [31]. The mock state |A) is defined as

|A (n2S+1LJM, ) (PA)>
=V2E Y (LMy:SMglIM )y},
Mg.M; }
x prart / dpdp,8* (P4 — p1 — P2)
x \I’I;;‘LML (P1,P2)|91(P1)72(p2)), (6)

where y4, ¢*, @*, and U4 are the spin, flavor, color, and
spatial wave functions of the meson A. In the present work,
we use the spatial wave functions of the charmed and
charmed strange mesons estimated in Refs. [19,20], while
the one for a light meson is calculated from the GI
model [10].

The partial wave amplitudes are related to the helicity
amplitudes by [32]
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TABLE 1. The masses of the charmed and charmed-strange
mesons involved in the present calculation. For the mass of the
D™, we use the average of mpo and mpe).

State Mass (MeV) State Mass (MeV)
D 1867 [34] D(1D,) 2761 [20]
D* 2009 [34] D(1D)) 2791 [20]
Dj;(2400) 2318 [34] D, 1968 [34]
D (2420) 2421 [34] Di 2112 [34]
D (2430) 2427 [34] D*,(2317) 2318 [34]
D3(2460) 2463 [34] Dy, (2460) 2460 [34]
D(2550) 2539 [34] D51(2536) 2535 [34]
D*(2600) 2612 [34] D%, (2573) 2572 [34]
D(1°Dy) 2762 [20] Dy (2'S,) 2644 [19]
D(13D3) 2779 [20] D?*,(2700) 2709 [34]
V2L + 1
M'E(P) YT Z (LOIM;,[JsM,,)

2+ 1y

X (JgMy 3 JcM; |JaM, YMMiaMigMoc - (7)

and the partial width of the A — BC is

P
Fope =2 DS MR, (8)

A J.L

where m, is the mass of the initial state A.

The masses of the involved charmed and charmed
strange mesons are listed in Table I. For the low-lying
observed mesons, we adopt the central values of the PDG
average, while for the unobserved higher excited charmed
and charmed strange mesons, we use the theoretical mass
estimate in the modified GI model as an input [19,20]. As
for light mesons, we use the same masses as those
summarized in Table III of Ref. [33].1 Besides the masses
of the involved mesons, in the present calculations, the
masses of the quarks are taken as 1.628, 0.419, and
0.22 MeV for the charmed, strange, up/down quarks,
respectively.

A. Decay behaviors of the 3P charmed mesons

To further test the possibility of the D3(3000) as the
33P, charmed meson, we investigate the decay behav-
iors of the 3°P, charmed meson in the QPC model. The

'In our treatment of charmed and charmed strange mesons, we
consider the screening effect since we are discussing higher
excited states in charmed and charmed strange meson families,
where coupled-channel effects become important. Different from
the case of charmed and charmed strange mesons, we use the
spatial wave function with the unscreening effect for the light
mesons involved in the discussed decay modes since coupled-
channel effects on the light mesons that are ground states are not
obvious. Thus, we adopt this approximation to deal with light
mesons.
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total and partial widths of the 33P, state are listed in
Table. II. The total width of the 3P, charmed meson is
estimated to be 102.4 MeV, which is consistent with the
lower limit of the D3(3000) width, 105 MeV. In
addition, the 3°P, charmed meson dominantly decays
into D*z, Dp, D*p, D3(2460)x, and Dz, the corre-
sponding partial decay widths of which are 10.4, 9.94,
8.13, 5.32, and 4.28 MeV, respectively. The 33P2 — Dr
mode is the fifth dominant decay channel, which is also
consistent with the experimental measurement of the
D3(3000) in the Dz invariant mass spectrum. In
addition, the ratios of the partial widths of the D*rx,
Dp, D*p, and D}(2460)z modes and the one of the Dz
channel are

3P D*

I[3°P, » D'n] _ 2.42.

F[33P2 - Dﬂ']

3

[(3°P, —» Dp| _ 2.2,

I'[3°P, - D]

r3*pP, - D

w = 1.90,

F[3 P2 - Dﬂ]

I[33p D%(2460
I'[3°P, —» Dx]

respectively, which could be tested by future
experiments.

There exist four 3P charmed mesons; the D3(3000)
could be a candidate of the 33 P, charmed meson. The mass
of the 3° P, charmed meson is estimated to be 3219 MeV in
the modified GI model [20]. The total and partial widths of
the 33P, charmed meson are listed in Table II. The total
width of the 33P, charmed meson is estimated to be
251 MeV, which indicates that the 3°P, charmed meson
is a broad state. The dominant decay modes of the 33P,
state are Dz(1300), D,(2420)z, Db,(1235), D(1D,)=,
Dz, and D(2550)7z, the corresponding partial widths of
which are 39.4, 34.4, 339, 29.9, 22.6, and 20.7 MeV,
respectively. The branching ratio of the 3°P, — Dr is
about 9%, which indicates that the 3*P, charmed meson
can be detected by the Dz mode.

The two 17 charmed mesons are the mixtures of the 3P,
and ' P, states, and the mixing scheme for the 3P charmed

() = ooy o) (e )
(10)

where 63, is the mixing angle of the [3'P;) and |33P,)
states. In the modified GI model, the masses of the |3'P;)
and |3°P,) states are estimated to be 3230 and 3215 MeV,
respectively [20].
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TABLE II. The partial and total widths of 33P,, 33P,, 2>F,, and 2°F, charmed mesons in units of MeV.
33P, 33P, 2’F, 2’F, 33P, 33pP, 2’F, 2’F,
Channels 3219 MeV 3234 MeV 3364 MeV 3345 MeV ~ Channels 3219 MeV 3234 MeV 3364 MeV 3345 MeV
Dr 22.6 4.28 14.2 2.81 D, (2420)w 2.02 0.592 3.81 0.566
Dn 2.35 0.994 2.58 0.216 D,(2430)x 2.17 2.05 6.24 1.26
Dp e 9.94 4.44 0.688 D, (2430)n 0.339 0.0466 0.975 0.405
Dw e 3.22 1.44 0.241 D,(2430)c e 0.0248 0.0654 0.000664
D11 0.0155 0.318 0.757  1.15x 107> D(2430)p 0.689 3.75 2.57 2.04
h(1170) 6.69 1.12 2.98 1.84 D, (2430)w 0.0833 0.895 0.830 0.612
b, (1235) 33.9 2.84 3.86 458  D3(2460)x . 5.32 5.25 2.29
Dal (1260) 0.0220 2.6 0.642 2.39 D3(2460)n . 0.422 0.886 0.352
Df,(1270) e 1.47 1.69 2.44 D} (2460)0 3.35 1.76 0.255 1.06
Df,(1285) 0.0757 0.623 0.0238 0.370 D3(2460)p e e 4.97 21.4
Dn(1295) 7.08 0.752 3.30 0.325 D3(2460)w e e 1.58 7.45
Dz(1300) 394 3.35 16.3 1.49 D(2550)x 20.7 0.637 2.65 4.12
Da,(1320) e 3.49 4.46 4.72 D(2550)n 0.0246 0.503 1.92 0.243
Df(1420) e 0.493 0.00684  D(2550)p e e 1.88 0.00202
D'n 104 8.76 1.47 D(2550)w e 0.461 0.000212
D*p e 1.81 1.36 0.0414  D*(2600)x 3.70 3.81 4.78
D*o 2.17 0.427 1.01 1.40 D*(2600)n e 0.360 1.36 0.126
D*p 6.12 8.13 254 18.9 D*(2600)c 0.116 0.170 0.648 0.00522
D*w 1.96 2.65 8.44 6.12 D(13D1)7t e 0.717 0.653 0.115
D*yf/ e 0.131 0.138 0.0284 D(13D1)7] 0.0100 7.19 x 10°°
D*fo (980) 0.342 0.225 1.95 0.424 D(13D1 )o e 0.00360
ao (980) 2.75 1.75 14.1 3.01 D(13D3)n’ 3.69 6.49 3.02
h(1170) 0.365 1.8 1.97 1.54 D(13D3 n e e 0.0567 0.00577
b,(1235) e e 9.59 1.77 D(1D,)x 29.9 1.49 384 0.694
D*a1(1260) . . 11.4 0978  D(1Dy)n S . 262 403 x 10
D*f,(1270) 2.35 15.8 D(1D,)o e e 0.00479
D*f,(1285) 1.52 0.0344  D(1D}))x 6.64 3.16 2.57 4.65
D*n(1295) 0.574 0.00248 D(1D%)n e e 0.195 0.000516
D*z(1300) 2.46 0.00741 DK 0.128 0.455 0.911 0.00192
D*a,(1320) e e 3.82 18.0 D,K* e 0.0771 0.00440  0.0792
Dj;(2400)c 1.13 0.228 0.523 0.0168 DiK e 0.576 0.352 0.0162
D{(2400)p 6.70 2.72 3.94 1.91 D;K* 1.70 1.90 0.782 0.115
D{(2400) 2.28 0.953 1.28 0.617 D%, (2317)K* 0.0478 0.109 0.166 0.0492
D;;(2400) £, (980) . 0.170 275 x 105 Dy (2460)K  0.0923  0.193 1.24 0.0631
D;;(2400)ay(980) . 1.08 0.000130 D, (2460)K*  --- - 0.0858 .
D (2420)x 344 0.323 31.1 2.92 Dy, (2536)K 0.796 0.0401 0.322 0.187
D, (2420)n 0.550 0.311 2.84 0.188 D%, (2573)K e 0.0735 0.292 0.124
D,(2420)c e 0.479 0.763 0.00653 DS(ZISO)K 1.82 0.103 1.15 0.0279
D, (2420)p 9.61 2.20 11.5 1.89 D*,(2700)K 0.0161 0.583 0.0112
Total 251.1 102.4 302.2 155.0

The 65p dependence of the total and partial widths of
the 3P(1") charmed mesons is presented in Fig. 2. In
the heavy quark limit, the mixing angle of the 3P
charmed mesons is 63p = —arcsin(y/2/3) = —54.7°
[35-37]. With this mixing angle, we find the total
width of the 3P(1") charmed meson is 144 MeV.
Our present calculations indicate that Da,(1320) and
D*r are the dominant decay channels of the 3P(1+)
charmed meson, the corresponding partial widths of
which are 20.4 and 21.5 MeV, respectively. In addition,
the decay modes Df,(1270) and D*(2600)z are also

important since the corresponding partial widths are
estimated to be about 10 MeV. The 6;p dependence of
the total and partial widths of the 3P'(17) is presented
in Fig. 3. With the mixing angle in the heavy quark
limit, the total width of the 3P'(1") is predicted to be
185 MeV, which is a bit larger than the one of the
3P(1") charmed meson. The dominant decay modes of
the 3P'(17) charmed meson are D3(2460)z and
D(13Ds)z, the corresponding partial widths of which
are 30.9 and 27.4 MeV, respectively. The partial widths
of the D*z, Dp, and D*(2600)x are all about 15 MeV,
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FIG. 2. Mixing angle 6;p dependence of the total and partial
widths of the 3P(1%") charmed meson. The vertical dashed line
indicates the mixing angle 0;p in the heavy quark limit, which
is —54.7°.

which are also important decay modes of the 3P/(17)
charmed meson.

B. Decay behaviors of the 2F charmed mesons

The 2F charmed mesons have not been observed, and
the predicted mass of the 23F, state is about 150 MeV
above the central value of the mass of the newly
observed Dj5(3000) [1]. In the present work, we also
consider the possibility of the D3(3000) as the 2°F,
charmed meson. The total and partial widths of the 2°F,
charmed meson are listed in Table II. The total width of
the 23F, charmed meson is predicted to be 302.2 MeV,
which is about 35 MeV above the upper limit of the
observed value of the D5(3000). The partial width of the
Dr channel is 14.2 MeV, and the corresponding branch-
ing ratio is 4.7%, which is almost the same as that of
33P, = Dx. The D(1D,)x, D(2420)x, D*p, Dx(1300),
and D*a((980) are also dominant decay channels of the
23F, charmed meson, and the corresponding partial
widths are 38.4, 31.1, 25.4, 16.3, and 14.1 MeV,
respectively. As for other 2F states, including the
23F4, 2F5, and 2F’3 states, their decay behaviors are

PHYSICAL REVIEW D 94, 094044 (2016)
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FIG. 3. The same as Fig. 2 but for the 3P'(1") charmed meson.

also investigated in the present work. The mass of the
23F, charmed meson is calculated to be 3345 MeV in
the modified GI model [20]. The total and partial widths
of the 2°F, charmed meson are also listed in Table II.
The total width of 2°F, charmed meson is 155 MeV,
which is about half of that of the 2°F, charmed meson.
The main decay channels of the 2°F, charmed meson
are D}(2460)p, D*p, D*a,(1320), and D*f,(1270), and
the corresponding partial widths are 21.4, 18.9, 18.0,
and 15.8 MeV, respectively.

The F-wave mixing states 2F(3") and 2F’(3") are the
mixtures of the 23F; and 2'F; states, and the mixing

scheme is
2F(3%))\ [ cos(6yr) sin(6yp)\ (|2'F3)
<|2F’(3+)>> N (—sin(HzF) cos(GZF)) <|23F3>)'
(11)

In the heavy quark limit, the mixing angle is 6, =
—arcsin(2/v/7) = —49.1° [35,36]. In the modified GI
model, the masses of the 2! F5 and 2°F; state are 3353
and 3359 MeV, respectively. The 0, dependence of the
total and partial widths of 2F(3%) and 2F’(3") are shown
in Figs. 4 and 5, respectively. The total width of 2F(3™)
charmed meson is 165 MeV with the mixing angle in the
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FIG. 4. Mixing angle 6, dependence of the total and partial
widths of the |2F(3")) charmed meson. The vertical dashed line
indicates the mixing angle 6,5 in the heavy quark limit, which
is —49.1°

heavy quark limit. The dominant decay channels are
D3(2460)p, D*p, Dp, and D3(2460)z, and the correspond-
ing widths are 14.5, 14, 13.8, and 8.7 MeV, respectively. In
addition, we find the partial width of the 2F(3") — D*p is
weakly dependent on the mixing angle 6,r. The
D*a,(1320), D*b(1235), D,(2430)p, and D*a(980)
are also important decay channels of the 2F(31) charmed
meson, the partial widths of which are all about 5 MeV. As
for the 2F'(3") charmed meson, the total width is
248 MeV. Our calculations indicate that the main decay
channels of 2F'(3%) charmed meson are D(13Dj)z,
D3(2460)z, and D*z, and the corresponding widths are
39.8, 37.1, and 23.7 MeV, respectively. The partial widths
of D*a,(1320), D*b;(1235), and D*p are all about
15 MeV, and D*f,(1270) is about 10 MeV, which also
has a considerable contribution to the total width.

III1. DISCUSSION AND SUMMARY

In the present work, we have studied the masses and
decay behaviors of the 3P and 2F charmed mesons and
have compared our results of the 3°P, and 23F, states
with the observation of the D3(3000), which was

PHYSICAL REVIEW D 94, 094044 (2016)
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FIG. 5. The same as Fig. 4 but for [2F'(3")) charmed meson.

reported very recently by the LHCb Collaboration [1].
The modified GI model has predicted masses of the
33P, and 23F, states, which are 3234 and 3364 MeV,
respectively [19]. On the other hand, the observed mass
of the D3(3000) is 3214 £ 29 + 33 £ 36 MeV, which is
quite consistent with that of the 33P, charmed meson
and about 150 MeV below the mass of the 2°F,
charmed meson.

To further test the possibilities of the D3(3000) as a
33P, or 23F, charmed meson, we have estimated the
decay behaviors of the 3*P, and 2°F, charmed mesons
via the QPC model, in which the wave functions of the
charmed and charmed strange mesons are evaluated by
the modified GI model [19,20]. The total width of the
33P, charmed meson is estimated to be 102.4 MeV,
which is consistent with the lower limit of the width of
the D3(3000). As for the 23F, charmed meson, the total
width is predicted to be 302.2 MeV, which is about
35 MeV above the upper limit of the width of the
D3(3000). In addition, our calculated branching ratios
for the Dr channel of the 33P, and 23F, charmed
mesons are 4.18% and 4.70%, respectively, which
indicates the Dz channel is an important channel both
for 3°P, and 23F, charmed mesons. In Table III, we
summarize our calculations of the masses and decay
behaviors of the 33P, and 23F, charmed mesons and
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TABLE III.

PHYSICAL REVIEW D 94, 094044 (2016)

A summary of the masses and decay behaviors of the 3P and 2F charmed mesons. The numbers in the brackets after the

Dr channel are the corresponding branching ratios for different assignments.

Mass (MeV) Width (MeV) Main channels
Experiment 3214 £29 £33 +36 186 £38 £34 +63 Dr"
3P, 3234 102.4 D*mn, Dp, D*p, D;(2460)x, Dr(4.18%)
2’F, 3364 302.2 D(1D,x), D;(2420)x, D*p, Dz(1300), Dz(4.76%), D*ay(980)
3P, 3219 251.1 Dn(1300), D,(2420)x, Db, (1235), D(1D,)x, Dz, D(2550)x
3P(17T) 3200 144 Da,(1320), D*n
3P/(1Y) 3245 185 D;(2460)z, D(1°D3)x
2F(31) 3335 165 D;(2460)p, D*p, Dp, D;(2460)x
2F'(3%) 3377 248 D(1°D3)z, D5(2460)z, D*x
2’F, 3345 155 D;(2460)p, D*p, D*a,(1320), D* f,(1270)

“The Dz channel is the observed channel of the D3(3000) [1].

compare them with the experimental measurement of the
D3(3000). From the calculation in the present work, we
find the most possible assignment of the D5(3000) is the
33P, charmed meson, but the other possibility, such as
the 23F, charmed meson, may not be completely
excluded. The predicted decay behaviors of the 3°P,
and 2°F, charmed mesons could be tested by future
experiments in LHCb and the forthcoming Belle II,
which would help us reveal the nature of the D;(3000).

Besides the 3°P, and 2°F, charmed mesons, the decay
behaviors of the other six 3P and 2F charmed mesons have
been also studied in the present work. The total width of the
33 P, charmed mesons is predicted to be 251.1 MeV, while
the widths of the 3P(1") and 3P’(1") charmed mesons are
144 and 185 MeV, respectively, with the heavy quark limit
mixing angle. The most dominant decay channels of the
33Py, 3P(11), and 3P'(1+) are Dz(1300), Da,(1320),
and Dj;(2460)z, respectively. As for the 2F charmed
mesons, the total widths of the 2F(3"), 2F'(3"), and
23F, are 165, 248, and 155 MeV, respectively. The

estimates of the masses and decay behaviors of these
unobserved states in the present work are also listed in
Table. III, which could provide some fundamental infor-
mation for searching for these charmed mesons in future
experiments.
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Note added.—During the preparation of this work, we
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which the D3(3000) is assigned as a 13F), state [38].
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