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The new charmed resonance D;(3000) was observed by the LHCb Collaboration in B decays. In this
paper, by assigning it as four possible excited states of the 2™ family, we use the instantaneous Bethe-
Salpeter method to calculate their Okubo-Zweig-lizuka-allowed two-body strong decays. The results of
13F, and 3P, states deviate from the present experimental observation while 2°P, and 2°F, are in the
error range. Our study also reveals that the widths of these states depend strongly on the masses. Due to the
large uncertainties and different mass input, variable models get inconsistent conclusions at the moment.
The analysis in this work can provide essential assistance for future measurements and investigations.
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I. INTRODUCTION

During the last decades, many charmed mesons have
been found and cataloged [1]. With increasing results
published, more attention has moved to heavy and excited
states. These new states not only enrich the spectrum of D
mesons but also offer us an opportunity to explore their
properties from related decays. In 2013 and 2016, the
LHCb Collaboration announced their observations of
several charmed resonances around 3000 MeV, including
D,;(3000), D3(3000), and D3(3000) [2,3]. D;(3000) and
D3(3000) are observed from D*z and Dz mass spectrum.
Their assignments and strong decays have been widely
discussed [4-9]. Our previous works prefer they are
2P(1") and 2P(0") states, respectively [10,11]. The
D3(3000) is observed in the B decays, whose mass and
width are

M(D5(3000)°) = 3214 + 29 4 33 £ 36 MeV,
I'(D3(3000)°) = 186 + 38 + 34 + 63 MeV. (1)

While the nature of this state is uncertain, it was generally
considered as an excited state of the 2" family.
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We summarize some theoretical predictions of the 2+
spectrum in Table I. D;(2460), as the ground state 13P,,
was observed and examined by many experiments [1]. Our
previous work calculated and compared its strong decays
with other theoretical studies [7,12—15]. For the higher
2°P,, 13F,, 3°P,, and 2°F, states their predicted masses
range from around 2900 MeV to 3500 MeV. Due to the
large uncertainties in the preliminary measurement of
D3(3000), all these four states cannot be ruled out easily
from the candidate list.

To identify the D;(3000) from these possible assign-
ments, an investigation on their decay behaviors at the
experimental mass is necessary. Usually, the Okubo-
Zweig-lizuka (OZI) allowed strong decays are dominant
for charmed mesons. Some efforts about their decays have
been made and several theoretical methods were applied,
including heavy quark effective theory (HQET) [8,21],
the quark pair creation (QPC) model (also named as the
3Py model) [4,9,17,22], and the chiral quark model [20,23].
Significant discrepancies still exist between different works
and the comparison will be discussed later in Sec. III.

Since the relativistic effects in heavy-light mesons are
not negligible, especially for excited states, we use the
wave functions obtained by the instantaneous Bethe-
Salpeter (BS) approach [24,25] to calculate the OZI
allowed two-body strong decays. The BS method has been
applied successfully in many previous works [26-36] and
the relativistic corrections in the heavy flavor mesons are
well considered [37]. When the light pseudoscalar mesons
are involved in the final states, the reduction formula,
partially conserved axial-vector current (PCAC) relation,
and low-energy theorem are used to depict the quark-meson

Published by the American Physical Society
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TABLE I. Theoretical predicted masses of 2" charmed mesons
(MeV).
Ebert Godfrey Song [9] and Badalian Patel Ni
[16] [7] Wang [17] [18] [19] [20]
13P, 2460 2502 2468 2466 2462 2475
23p, 3012 2957 2884 2968 2985 2955
1°F, 3090 3132 3053 3059 3080 3096
3P, ... 3353 3234 3264 3402
2F, .. 3490 3364 3430 3494

coupling. Since PCAC is inapplicable when the final light
meson is a vector, for instance p, w, and K*, an effective
Lagrangian is adopted instead [38,39].

The rest of the paper is organized as follows: In Sec. 11
we briefly construct BS wave functions of 2" state. Then
we derive the theoretical formalism of the strong decays
with the PCAC relation and the effective Lagrangian
method. In Sec. III the numerical results and detailed
discussions are presented. Finally, we summarize our work
in Sec. IV.

II. THEORETICAL FORMALISM

We first introduce the BS wave functions used in this
work. The general form of 27 wave function is constructed
as [28,31]

02 (q1) = €u4' g1 |:f1(QL) +§f2(QL)

A pia + L e

+ Me,r'q", {fs(‘ﬂ) + %fﬁ(QL)

q Pq
+ﬁf7(m) +ﬁf8(éu)_ ; (2)
a
‘ ‘\‘PQ,]WQ
Lo (07)
PM w
| | d
D3 (2+>‘\ |
[\ P M,
\ / | “;D+ (07)
C
(a)

where M and P are the mass and momentum of the meson,
q is the relative momentum of the quark and antiquark
in the meson and ¢, is denoted as ¢ —%P, €, 1s the
polarization tensor, and f; are the functions of ¢ ; their
numerical values are obtained by solving the full Salpeter
equations [26,40]. Moreover, the wave functions f; in
Eq. (2) are independent, which are constrained by

G fs(w) + ) + 2M2 fsw,

fl(QL)* M(mla)z+m20)1>
_ qLfa(w) — @) + 2M few,
fZ(QJ) - M(m1w2 4 mel)
_ M(w; — ;)
f1(q.) = oiva, +ay?
M
fs(q.) _Mfév (3)

my, + myq

where m; is the quark/antiquark mass, w; = \/m? — g7,
and g3 = —|¢|? in the rest frame of the meson.

The review of instantaneous approximation and the
action kernel adopted in this paper was given in our
previous work [41]. Due to the approximation, our
previous results showed that the predicted mass spectrum
for excited heavy-light mesons may not fit the exper-
imental data very well. Thus we follow our previous
works [10,30,35] to use the physical mass as an input
parameter to solve the BS wave functions for each state.
As we did formerly [11], only the dominant positive-

energy part of wave functions @™+ = Af%gp%A} are
kept in the following calculation, which was explained in
Ref. [41] in detail.

Taking D5 — D'z~ as an example, the Feynman dia-
gram of two-body strong decay is shown in Fig. 1. By using
the reduction formula, the corresponding transition matrix
element has the form

| Py, My
[ (07)

pM |

\
| Py
D5" (2%),

| D (07)

C

(b)

FIG. 1. Feynman diagram of the OZI-allowed two-body strong decay, taking D;O — D"z~ for example. (a) Leading order diagram

(b) Approximate diagram.
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(D*(Py)x=(P,)|D3°(P))

- / dtxelPr*(M2 = P2)(D* (P)) |, (x) [ DR (P)), (4)

in which ¢, is the light pseudoscalar meson field. By using
the PCAC relation, the field is expressed as

ha(x) = O (uy,ysd). (5)

1
M fr
where f, is the decay constant of z. Then, by using the
low-energy approximation, the transition amplitude in
momentum space can be derived as [42]
(D*(Py)z(Py)|D5"(P))

PI‘
~ —if—2 (27)*s*(P-P,

T

— Py)(D*(Py) |y, ysd| Dy’ (P)).
(6)
Besides the PCAC relation, the same transition

amplitude can be obtained by introducing an effective
Lagrangian [10,38,39]

quP \/'f 17/ 4 CIJazfd)zj’ (7)
where
%ﬂo —|—%71 b K"
bij = V2 n — 5+ en  K'|. (8)
_ 0 2
K K -7

denotes the chiral field of the light pseudoscalar meson,
g is the quark-meson coupling constant and f, is the decay
constant.

For further numerical calculation, in the Mandelstam
formalism [43] we can write the hadronic transition
amplitude as the overlapping integration over the relativ-
istic wave functions of the initial and final mesons [42]

M= §—5< (Py)layrsd DY (P))

b

Pﬂ d3

7. ) @ay
where @™t and @' are the positive part of BS wave
function and its Dirac adjoint form, and the quark-antiquark
relative momenta in the initial and final meson have the

. - m,

relation g; = g — mﬁm,:P"

When the final light meson is # or #' instead of z, we also
consider the n — #' mixing [1]

|08 @) B ans] . ©

O)-rw()

ns = —= (uit + dd — 2s5),

where

i = —= (uit + dd + s5). (11)

Sl- 51~

R(0) or RT() is the mixing matrix defined as

cos@ sind
R(0) = . .
—sind cos6@

RT(0) = < _Siw). (12)

cos 6

cos 6
sin @
We choose the mixing angle ¢, = —11.3° [1] in this

work. By extracting the coefficient of mixing, the transition
amplitudes with /" involved are

M) =i - )

X <D(*)(P1)|ﬁlwsu|D§(P)>
-

x (D™ (Py)|iy,ysul D3(P)). (13)

When the final light meson is a vector, such as p or w,
the PCAC rule is not valid. Thus we adopt the effective
Lagrangian method to derive the transition amplitude.
The effective Lagrangian of light vector meson is given
by [10,38,39]

Loqv = Z‘_Ij <a7/4 +
J

where m j

mation m; = (m, + mz)/2 in this work], 6,, =1 [y,.7.};
VI is the light vector meson field, and the parameters
a = -3 and b = 2 denote the vector and tensor coupling
strength [39], respectively. Then we use Eq. (14) directly to
get the vertex of the light vector and reach the transition
amplitude

GWP5> Vig;, (14)

is the constitute quark mass [we take approxi-

3
M = —i/ ((21733 Tr {@}T(Clu)gfﬂrr@ﬁ

ib
X <ay”+M0”DP§>8g]. (15)
J

In the possible strong decays of D3(3000), 1* and 2~
states of D mesons are also involved in the final state. In the
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heavy quark limit(m, — o), the coupling of spin S and
orbital angular momentum L no longer describes the physical
states well for these heavy-light states. The 'P,—3P, and
'D,—3D, mixing are needed. We take the total angular
momentum of the light quark in the mesons =L+ 5, (s,1s
the light-quark spin) to identify the physical doublet. The
mixing relations are given by [16,33,44,45]

P =1, =3/2)\ 'P,)
(IJ” =1t j,=1/2 ) - R<91”)<|3P1>>’

)
)
P =27j=5/2) |'D2)
(s —row)(12). )
/P =27,j1=3/2) I°D,)
where the ideal mixing angles 0, p = arctan(y/1/2) ~ 35.3°
and 6, = arctan(1/2/3) ~ 39.2° in the heavy-quark limit
are adopted. We notice that varying mixing angles could
make difference to the decay widths. The dependence of

corresponding partial widths on mixing angle will be
discussed later.

M(2+_,0 0 ) f GIWPI:Plf,
Py

Mpioo17) = e €2, PP, Ple T,
M(2+_)0+1—) = eﬂyeza(%PﬁlP‘l’P“ + t4Pl1/gﬂa>,

In our calculation, the Salpeter equations for 'P, and 3P,
(D, and 3D,) states are solved individually and the state
messes are mixing by the physical masses values

mp 0 mi, 0
< 1 P ) :RT(91P)< ) )R(elP)’
o Mip, 0 mi

2
ms 0
) = RT(91D)< 2

0 ms

JrOw). (17)

According to Refs. [33,41,46,47], we specify D;(2420)/
D,;(2536) as |j, =3/2) and D,(2430)/D, (2460) as
|j;=1/2) for 11 state, D,(2740) as |j, =5/2) and
D,(2780) as |j; = 3/2) for 2 state within this paper.

By performing the integration and trace in Egs. (9)
and (15), the amplitudes of all possible channels within the
present study can be simplified as

1
M(Z*—»l’(}’) - —t5€W€1aPﬁP1yPﬁt€Wﬁ7,
Py
Mpioi17) = €u€10625 [P (t6P{P PP + 1P g™ + 1P + tyPP ) + 109" g7,

1
Moy = 5 —€uera | PPLP + 3P,
Py

Mooy = €ueraea e ()P, + 1{)P,) + {IP{PPP, P se" + 1)P, P s “e + 1) P{PYP, P57,
i
M(2+—>2+0‘) = fT€/w€1aﬁP},P158”ﬁy5(llgplllpa + l‘lgg’m),
2
Mooy =7 gl PUPUPL PP + )0 + g, (18)

in which ¢, are the form factors achieved by integrating over
the wave functions for specific channels, %70 is the Levi-
Civita symbol, €, €, and ¢, are the polarization tensors or
vectors of corresponding states. For convenience, we define

PPy

Y (19)

Ha/} = —Yap +—

where P and M are the momentum and mass of the
corresponding meson. Then, the completeness relations
of polarization vector and tensor are given by

[
Zef(‘r) €;’( ) = e

r

X 1
Sy = S s,

r

1
) =3l (20)

The two-body decay width can be achieved by

1B 1
r= 2 21
8ﬂM22J+1Z:|M|’ @)
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TABLE II. The strong decay widths (MeV) of D3(3000)°
M = 3214 MeV is used for each assignment here.

as different possible assignments. The present experiment mass

2’p, 3p, ’F, 2F, 2P, 3p, I’F, 2F,

Dz~ 7.19 1.28 13.9 4.85 D* ™ 5.78 1.81 8.02 1.91
D70 3.66 0.635 6.93 2.49 D070 2.94 0.882 4.06 0.987
D% 0.167 0.0258 1.81 0.520 D*0y 0.0393 0.042 0.95 0.191
D% 0.458 0.000679 5.01 0.590 DO 0.747  0.00699 1.46 0.139
D(2550) =~ 28.9 0.107 10.2 1.31 D;(2600)*z~  38.3 0.0458 4.96 0.274
Dy(2550)°7° 14.5 0.0565 5.17 0.681 D;(2600)°7° 19.3 0.0245 2.54 0.144
Dy(2550)% 0.575 0.0418 0.262 0.0286 D3 (2600)% 0.0991 0.00298 0.0159 0.000275
DyK~ 1.18 0.738 8.77 1.58 DK~ 0.762  0.841 2.97 0.509
Dtp~ 4.76 0.879 0.753 0.458 D*tp~ 12.5 3.40 2.61 0.690
DO 2.51 0.439 0.384 0.242 D*0p0 6.38 1.72 1.43 0.368
D¢ 2.35 0.417 0.402 0.245 D*0® 6.44 1.71 1.44 0.358
DiK*~ 0.381 0.315 0.306 0.0851 DK 6.88 2.62 0.118 0.0311
D§(2400) p~ 5.18 0.00184 0.251 0.00212  D3(2460)" 7~ 3.29 0.0708 1.46 0.0465
D(")(2400)0p0 4.03 0.0328 0.23 0.00503  D3(2460)°z° 1.68 0.0331 0.743  0.0218
Df‘)(2400)0w 3.87 0.0209 0.198 0.00392  D3(2460)% 0.136  0.00494 0.102  0.00230
D, (2317)TK*~ 0.0551 9.48 x 107 0.00790 429 x 105 D (2573)TK~  0.0982 0.0165 0.140 0.0168

D, (2420) 7~ 27.6 0.0916 75.8 8.52 D, (2430)" 7z~ 247 0.340 64.9 7.40

D, (2420)°7° 14.3 0.0473 382 4.43 D;(2430)°2° 128  0.192 32.8 3.90
D,(2420)% 0.835 0.00784 10.1 0.695 Dl (2430)% 0.746  0.0174 8.70 0.595
D, (2536)TK~ 1.21 0.0105 31.8 2.27 1(2460)*1(‘ 3.53 0.0646 46.0 3.93
D (2420) 2.34 0.0142 11.6 0.205 (2430) 0.472  0.00360 3.07 0.0490
D, (2420)%p° 1.48 0.00887 7.32 0.128 D,(2430)% 0.358  0.00262 2.34 0.0358
D,(2420)°w 0.673 0.00572 341 0.0515 D,(2430)%w 0.0868 0.000823 0.579  0.00784
D, (2740)* 378 00223 123 3.60 D,(2780)tz~ 242 0.0461 113 2.70
D, (2740)° 1.91 0.00914 61.2 1.84 D,(2780)°7° 1.22 0.0229 56.6 1.39
Total 285.6 19.1 778.0 60.5
where |P,| = \/A(M%, M?,M2%)/2M is the momentum of ~ The coupling constant  is running
the final charmed meson, J =2 is the spin quantum

.. " N 127 1

number of the initial 27 state. a,(q) = (24)

III. RESULTS AND DISCUSSIONS

In this work, the Cornell potential is taken to solve the
BS equations of the 2" states numerically. Within the
instantaneous approximation, the Cornell potential in
momentum space has the following form [41]

1) = V(@) +r® 71V

where V) is a free parameter fixed by the physical masses
of corresponding mesons, and the linear confinement item
V, and the one-gluon exchange Coulomb-type item V, are

(@) + Vol (22)

V@) = =5 @) + o
V@) = —gorey. €9

'Kiillén function: A(x,y,z) = x> +y2 +z2 —2xy —2yz —2zx.

27 In (6 A?Z ) ’
where e = 2.7183.

The parameters adopted in the numerical calculation are
listed as follows [31]:

m, =0.305GeV,

my;=0.500GeV,
Agcp =0.270GeV,  f,=0.130GeV,

fn, =1.07f,, S =1.26f,,

n =0.923GeV, M, =0.604 GeV.

my;=0,311GeV,
a=0.060GeV,

m,=1.62GeV,
2=0.210GeV?,
fx=0.156GeV,

For the doublet of 2~ charmed states, the masses
sz(2740) = 2747 GCV and mD2(2780) = 2780 GCV are
used. The masses values of other involved mesons are
taken from Ref. [1].

Before presenting our results, a remark is in order. When
we solve the wave functions, the 27 states actually are the
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mixture of several partial waves [48]. Within this work, to  are presented in Table II. In the four possible candidates,
avoid confusion, we will not discuss this mixing in detail ~ D3(3000) as 1°F, has the largest total width in our
and still use pure P or F waves to mark each 27 state. prediction, which is about 778.0 MeV and much exceeds

Within our calculation, the wave functions of each state  the upper limit of present experimental results. The
are acquired by fixed on the experimental mass, which also  channels of Dz, D*z, D,K, D;(2420)/D,(2430)z(n),
gives the same phase space for every assignment. The total D, (2536)/D,,(2460)K, and D,(2740)/D,(2780)z con-
and partial widths of D3(3000) with possible assignments  tribute much to the total width. In these dominant channels,

T T
9 ! |
= | =ER |
80 | [} !
s : 2 :
= ! £ 21 i
= 707 i = i
= | = |
60 : 1 :
T T T T T + T T T T T T T + T T
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40 4 D1(2420)x ' 20 !
~ D, (2420) i H
> 30 i S 151 '
g 3 — -+ Du(2536)K ! g D (242002 i
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FIG. 2. The dependence of partial widths of channels involving final D;(2420)/D,;(2536) or D(2430)/D;;(2460) mesons on
mixing angle €, p. The vertical dashed line indicates the ideal mixing angle 6,, = arctan(,/1/2) ~ 35.3°. (a) D§(3OOO)0 as 23P, state,
(b) D3(3000)° as 33P, state, (c) D3(3000)° as 13F, state, (d) D3(3000)° as 2°F, state.
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the branching fraction of Dz mode is about 3%. And the
partial width ratio of D*z to Dz are given by

I[13F, — D*x]

~ (0.58. 25

In the case of 23 P, state, the total width is estimated to be
285.6 MeV, which is larger than the observational value but
still in the error range. The dominant channels include D,
D*rn, Dp(w), D*p(w), D;K*, and D(2420)/D,(2430)x.
Our predicted branching fractions of Dz for 23P, is about
4%. The partial width ratio between D*z and Dx is

50
~
> 40
D
s
= 304
g
=
Z 20
10 1
T
! D,(2740)
25 i D,(2780)x
o 1
% 207 |
=3 i
1
= 154 i
= i
= !
Z 101 H
i
5 |
:
i
75 -50 25 0 25 50 75
Mixing angle 61p (degree)
(@)
300
—~
>
D
2 200
=
=
=
Z 100
0
T T T T T T T
1
D>(2740)x '
150 3 D,(2780)x i
lw 1
> I
< i
Z 100 !
= 1
S i
= !
Z 50 !
i
1
1
0 - i
T T T T T T T
75 -50 25 0 25 50 75
Mixing angle 61p (degree)
()

FIG. 3.

3 *
[2°P, - Da] 0.80. (26)
r[2*P, - D]

The total widths of 23F, and 3°P, are about 61 MeV
and 19.1 MeV, respectively. The width of 2°F, reaches
the lower limit while the result of 3P, does not. The
channels Dz, D*z, D,(2420)/D,(2430)x, and D,(2740)/
D,(2780)x give the main contribution to the width of 23 F,
while 3P, dominantly decay into Dz, D*x, D*p(w), and
D} K*. The branching fractions of Dz for 2°F, and 3P, are
12% and 10%, respectively. The corresponding partial
width ratios are
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The dependence of partial widths of channels involving final D,(2740) or D,(2780) mesons on mixing angle 6. The vertical

dashed line indicates the ideal mixing angle 6, = arctan(,/2/3) ~ 39.2°. (a) D;(3000)° as 23P, state, (b) D3(3000)° as 3P, state,

(c) D3(3000)° as 13F, state, (d) D3(3000)° as 23F), state.
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TABLE III.  Different theoretical predicted widths (MeV) for charmed 27 states. The values in parentheses are the masses used in the
corresponding references. Others without parentheses use M = 3214 MeV.
Sun [4] Xiao [23] Godfrey [7] Song [9] Yu [22] Wang [17] Ni [20] Ours
23p, 47(3008) 150(3020) 114(2957) 68.89(2884) 442.36 193.4(2955) 285.57
13F, 136(3008) 900(3100) 243(3132) 222.02(3053) 220.05 . 722(3096) 778.10
33’p, 116(3353) 62.57 102.4(3234) 19.13
2’F, 223(3490) 32.09 302.2(3364) 60.53
[[2°F, — D*z] two channels. For 13F, and 2*F),, since the shape of wave
———=0.39, (27) . .
['[2°F, — Dx functions are different (f5, f4, and f5 always have the same
sign for nF,, while f5 and f, have the same sign for n°P,),
I[3°P, - D*x] _ Lal (28) the widths of D(2'Sy)z are smaller than D(1'Sy)z. In

I'[3°P, - D1

We notice that Dz mode is appreciable for all four
candidates, which is consistent with present experimental
observations. The widths of channels involving D (2420)/
D(2430), D,(2536)/D,;(2460), and D,(2740)/
D,(2780) are also considerable especially for 23P,,
33P,, and 23F, states. In addition, the partial width ratios
of Dr to D*x are different for these candidates, which
could be useful for future experimental test.

The results in Table II are calculated by using ideal
mixing and the divergence of the mixing angle could give
large corrections. Thus, we show the dependence of partial
widths on mixing angles #p and @, in Figs. 2 and 3. As
13F, and 2°F, states, the widths could be reduced by up to
about 640 MeV and 40 MeV in total, respectively if the
negative angles for both 6,p, and 0, are chosen. In the
instance of 23P, and 33P, states, the total widths could
approximately increase by 10 MeV and 6 MeV, respectively
when the negative mixing angles are appointed. The mixing
has been discussed in our previous works [41,49] and ideal
mixing is valid for D(2420) and D,(2430). Here we only
show the sensitive dependence between partial widths and
mixing angle. In the following discussion, we keep using
the results of ideal mixing for consistency.

Although all four assignments are calculated by fitting
the same mass value M = 3214 MeV, which gives equiv-
alent phase space for the same channels, the decay
behaviors of these states are quite different. In our work,
the discrepancy of total widths for different assignments
can be explained by the special structure of wave functions.
The numerical wave functions of D3(3000) with different
states and D(1'S;)/D(2'S,) in final states are shown as
Fig. 4. 23P,, 33P,, 23F, as an example, and 2'S, states
have nodes and the wave function values alter the sign after
nodes, which could lead to cancellation (or enhancement)
in the overlapping integration. For example, the width of
D(23P,) - D(2'Sy)r is larger than D(23P,) — D(1'S))x.
Both 23P, and 2'S, have one node, which finally enhance
the integral. However, in the case of 33P,, the structure of
two nodes eventually gives contrary behavior with the same

general, 13F, and 23P, states reach larger widths with less
cancellation, while 23F, and 3°P, behave oppositely. It
also illustrate that the correction from higher internal
momentum ¢ of mesons is non-negligible.

Finally, we list the full widths of excited 27 states from
some other models in Table III for comparison. Different
methods give inconsistent results at present because
the mass values used in these references are varied.
Considering the predicted mass spectrum of 2" charmed
states, we show our total widths of 2°P,, 1°F,, 3*P,, and
23F, change with masses in the range of 2850-3250 MeV
and 3100-3500 MeV, respectively in Fig. 5. We can find
that the widths vary widely along with the masses. At M =
2900-3000 MeV and M = 3050-3150 MeV, the 2° P, and
13F, states reach the total width of 21 MeV ~ 69 MeV and
427 MeV ~ 649 MeV subsequently, which shows a similar
trend with the results of Refs. [7] and [9]. In a similar
manner, the widths of the 3P, and 2°F, states are in the
range of 22 MeV-49 MeV and 196 MeV-416 MeV at the
masses M = 3250-3350 MeV and M = 3350-3450 MeV,
which is very roughly close to the value of Refs. [7] and
[17], respectively. Finally, when comparing our results with

1000

23P, Total Width
13F, Total Width

3%P, Total Width
800

...... 23F, Total Width

600

Width (MeV)

T T T T . T T T
2900 3000 3100 3200 3300 3400 3500
Mass (MeV)

FIG. 5. Total widths change with the masses of different states
for D3. The vertical and horizontal dashed lines with shades are
the present experimental results with errors [3].
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current experimental observation [3], 23 P, and 23F, states
enter the error range which is denoted as the shaded area.

IV. SUMMARY

We analyzed the OZI-allowed two-body strong decay
behaviors of four possible assignments of 2 family for the
newly observed D3(3000). The wave functions of related
charmed mesons was obtained by using the instantaneous
Bethe-Salpeter method. In our calculation, D3;(3000) as
1’F , state has an exceeded width of 778 MeV, while the
widths of 19.1 MeV for 33 P, does not reach the lower limit.
As for 2°P, and 23F,, the total widths are respectively
285.6 MeV and 60.5 MeV, which are in the error range
of present experimental results. Dz channels are important
for all four candidates, which shows consistency with
the current experiment. Additionally, the channels involv-
ing D;(2420)/D,(2430), D,(2536)/D,,(2460), and
D,(2740)/D,(2780), which give significant contribution
and influence the mixing angle, was discussed. Our study

also indicates a strong dependence between total widths
and state masses. Thus, different models with varying mass
input don’t reach a consensus. Considering the large
uncertainties of preliminary observation, besides the possible
individual states, mixing of several states is also a potential
option for the current D}(3000). More accurate measure-
ments and theoretical efforts are expected in the future.
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