Eur. Phys. J. C (2017) 77:38
DOI 10.1140/epjc/s10052-017-4611-5

THE EUROPEAN

) CrossMark
PHYSICAL JOURNAL C

Regular Article - Theoretical Physics

Strong decays of D3(2760), D;(2860), B3, and B,

Tianhong Wang'?, Zhi-Hui Wang?®, Yue Jiang'°, Libo Jiang>-Y, Guo-Li Wang'*

! Department of Physics, Harbin Institute of Technology, Harbin 150001, China
2 School of Electrical and Information Engineering, Beifang University of Nationalities, Yinchuan 750021, China
3 Department of Physics and Astronomy, University of Pittsburgh, Pittsburgh, PA 15260, USA

Received: 26 October 2016 / Accepted: 8 January 2017 / Published online: 19 January 2017
© The Author(s) 2017. This article is published with open access at Springerlink.com

Abstract In this paper, we study the OZI-allowed two-
body strong decays of 3~ heavy-light mesons. Experi-
mentally the charmed D3(2760) and the charm-strange
D7 (2860) states with these quantum numbers have been dis-
covered. For the bottomed B(5970) state, which was found
by the CDF Collaboration recently, its quantum number has
not been decided yet and we assume it is a 3~ meson in
this paper. The theoretical prediction for the strong decays
of bottom—strange state B}; is also given. The relativistic
wave functions of 3~ heavy mesons are constructed and their
numerical values are obtained by solving the correspond-
ing Bethe—Salpeter equation with instantaneous approxima-
tion. The transition matrix is calculated by using the PCAC
and low energy theorem, following which the decay widths
are obtained. For D3 (2760) and D};(2860), the total strong
decay widths are 72.6 and 47.6 MeV, respectively. For B}
with M = 5978 MeV and B}; with M = 6178 MeV, their
strong decay widths are 22.9 and 40.8 MeV, respectively.

1 Introduction

In the last few years, many new hadron states have been dis-
covered experimentally, injecting new vitality to the study of
hadron physics. Among these new states, some are thought
to be tetraquark, pentaquark [1], or molecule states, while
some are believed to have the usual quark—antiquark struc-
ture [2]. The observation of the second case improves the
meson spectra predicted by the quark potential models and
may bring about more insights into the nonperturbative prop-
erties of QCD. Among these particles, we are interested in the
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spin-3 heavy-light mesons in this paper, as more data about
such states are collected recently. In 2006, the Babar Collab-
oration found the D;“ 7(2860) state [3], which was confirmed
by LHCD [4]. This particle attracted much attention [5—-18].
Theoretically it is thought to be a charm—strange meson with
spin—parity quantum number J* = 3~ or 1~ (S-D mixing).
Both predict the correct partial decay widths within the exper-
imental error. This uncertainty was eliminated in 2014 by the
LHCb Collaboration [19,20], which found that two particles,
namely, D;‘3 (2860) with spin-3 and D;"l (2860) with spin-1,
are around this mass region.

For the charmed meson, D*(2760) was discovered by
the BaBar Collaboration [21] and D7 (2760) was found by
LHCb [22]. Both particles have similar masses and decay
widths, so they are thought to be the same state. Just as
D7 ,(2860), they are also thought to be 37 or 1~ state.
Recently, LHCb [23] found the first spin-3 charmed meson
D3 (2760), whose decay width (for the isobar formalism, see
Table 3) is about 30 MeV larger than that of Dj (2760) [22].
Whether a 1~ partner with a similar mass to D;" (2760) exists
(as the charm—strange case) is an interesting question. In the
bottomed (bottom—strange) meson sector, the 3~ state has not
been found. However, very recently the CDF Collaboration
reported the existence of B(5970) [24], which has been inves-
tigated by assuming it has the quantum number 1~ [25,26]
or 37 [26]. The decay width still has a large experimental
error (see Table 1), so more precise detection is needed.

Usually, if the strong decay channels of a meson are OZI-
allowed, they will be dominant, and the sum of their par-
tial widths can be used to estimate the total width of the
meson. Beside that, those decays are also applied to deter-
mine the quantum number of particles. To study these decays,
several theoretical methods could be applied, such as the
chiral quark method [9,27-30], the heavy meson effective
theory [5,14,26,31], the QCD sum rules [15,16], and the
3P() method [10,12,18,25,32—40]. The chiral quark model
introduces an effective Lagrangian to describe the coupling
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Table 1 The experimental

results of the mass (MeV) and State Mass (MeV) Width (MeV) References
decay width (MeV) for the D, (2860) 2856+ 1.5+ 5.0 47+£7+10 BaBar [3]
candidates of the heavy-light $
states with quantum number 3~ 2866.1 4+ 1.0 + 6.3 69.9+3.2£6.6 LHCb [4]
2862 £2°13 48+3+6 BaBar [57]
D¥5(2860) 2860.5 2.6 2.5 £ 6.0 S53£7+£4+£6 LHCb [19,20]
D*(2760) 27633 +£23+23 60.9£5.1£3.6 BaBar [21]
D’ (2760) 2761.1 £5.1 £6.5 74.4+344+37.0 LHCb [22]
D3 (2760) 2798 £7+1+7 105+ 18+6+23 LHCb [23]
B(5970) 5978 £5+ 12 70130 £+ 30 CDF [24]
between light quark fields and light meson, while for the D11 Py M,
heavy meson effective theory, the interaction lagrangian is
constructed just by meson fields. The 3Py model is very bh1
popular in dealing with OZI-allowed strong decays. In this
method, a ¢g with JP¢ = 0% is assumed to be created mis
from the vacuum. For the heavy mesons, the simple harmonic P,.M
oscillator (SHO) wave functions are usually adopted.
In our recent work [41], the weak production of 3~ heavy—
light states from the D(Dy) or B(B;, B.) mesons have been P2
studied. When these particles are produced, they will decay Py, M,

very quickly to the lighter final states which are used experi-
mentally to reconstruct their mother particle. Here, by using
the same formalism, we investigate the OZI-allowed two-
body strong decays of these 3~ mesons, This may be helpful
to gain more information of these high-spin states, especially
for the undiscovered b-flavored ones.

As Fig. 1 shows, the OZI-allowed two-body strong decays
can be realized by introducing a scalar type interaction ver-
tex. It can also be realized without that interaction vertex, that
is, the light quark and antiquark are connected by a propaga-
tor, which is used in Ref. [42] and our previous work [43]. In
the current situation, there is a light meson in the final states,
whose wave function cannot be described by the instanta-
neous approximation. To deal with this difficulty, we take a
different method, which is realized by using the reduction
formula, PCAC and the low energy theorem. This method
has been applied to deal with the strong decays of S-wave
heavy-light mesons [44,45], which get the results close to the
experimental data. However, this method can only be applied
to the case when the light meson being a pseudoscalar one.
For the case when the light meson is vector, PCAC can-
not be used. For those channels, we will adopt an effective
lagrangian to describe the quark—meson coupling.

Since the relativistic effects should be considered, espe-
cially for the state with high orbital angular momentum,
using more appropriate wave functions to calculate the strong
decays of these high-spin mesons is necessary. In this paper,
the instantaneous Bethe—Salpeter equation [46,47], namely,
the full Salpeter equation is used to get the mass spectrum
and corresponding wave functions of heavy-light mesons.

@ Springer

Fig. 1 Feynman diagram of the OZI-allowed two-body strong decay
channel

The transition matrix can be written within Mandelstam for-
malism [48].

The paper is organized as follows. In Sect. 2, we present
the theoretical formalism of the calculation. The wave func-
tion of the 37 state is constructed. For the channels with
a light pseudoscalar meson, the quark—meson coupling is
introduced by two methods, while for the light vector case,
an effective Lagrangian from other literature is adopted. In
Sect. 3, we give the results of strong decays of four heavy—
light mesons and compare them with those of other models.
Finally, we draw the conclusion in Sect. 4.

2 Theoretical formalism

As the wave functions of heavy mesons will be used in the
following to calculate the transition amplitude, it must be
constructed as a starting point. In our previous work [41,49,
50], the wave function of the 3~ state has been given as

P
93- (‘]L)—G;Lvaqqu{QJ_ <f1+lbfz+qlf+ 1 f)

+My© (fs + §f6+ AR P“fg)}
(1)

where M and P are the mass and momentum of the meson,
respectively; ¢ is the relative momentum between the quark
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and antiquark; ¢ is defined as ¢ — %P; fis are functions
of g, which will be obtained by solving the full Salpeter
equation; €, is the polarization tensor of the meson, which
is totally symmetric and satisfies

g ey =0, PFe,n, = 0. 2)

The completeness relation is given by [51]

3
1
> et = 6 PaxPoyPez + PaxPo:Pey
A=—3
+PayPoxPez + PayPbzPex

+Paz7)bypcx + Paz Prox Pcy)

1
- E (Pabpcszy + Pabpcypxz
+Pabpcxpyz + ?acpbszy
+Pac7)by73xz + Pacpbxpyz
+Pbcpaz7jxy + ,Pb(;lpaylpxz
+Pbcpax7)yz)a 3)

where we have defined P, = —gu + P;{;”.

By using the reduction formula, the transition amplitude
can be written as the production of the inverse propagator
and the expectation value of the light meson field [52]. We
take the process D¥;, — D™K as an example, which has
the form

(DW(P)K (P)|D] (P)) = / d*xe ¥ (ME - P}
x (DY (P)| @k (x)| DS (P)).
)

By using PCAC, the light meson field is expressed as the
divergence of the axial-vector current divided by the decay
constant of the light meson,

Pk (x) = (G yuyss).- (&)

M3 fx
Combining Egs. (4) and (5), we get

(D(*)(Pl)K(Pz)Ifo(P»

M2 — p? : _

=K 2 / d*xe! 2 (D® (P)|0* (g ys9)| DS (P))
MKfK

PO B [ :

=—2 K "27 [ g4xe!2 (DY (P)Gyuyss| DI (P)),
Mlz(fl( " sJ
(6)

where in the second equation partial integral is used. Finally,
by using the low-energy theorem [52], we can get the form
of the transition amplitude in the momentum space (see Fig.
2)

p1 P11
mq mii
P,M Py, My
p2 P12
ma mi2
Py, My

Fig. 2 Feynman diagram of the OZI-allowed two-body strong decay
channel of the heavy-light meson with the interaction vertex being
changed the form

—iP"
(D®(P)K (P)| DI (P)) ~ 2n)*8*(P—P1—P,) }Pz
K

x(DW(P)|Gyuyss|DEf (P)). (7

This result can also be achieved by adopting the effective
lagrangian method [28,29],

g _
ﬁqu = \/—TﬁlqinVSQjaﬂqsijv (8)
where
10, 1 + +
ol + VAR K
i =2 7 —%nO_F\/LEn KO
— >0 2
K K Jel

&)

is the chiral field of pseudoscalar mesons. The quark—meson
coupling constant g is taken to be unity. fj is the decay
constant.

In the Mandelstam formalism, the transition amplitude
can be written as the overlapping integral over the Salpeter
wave functions of the initial and final mesons [52],

—ipH
M= f—,f<D<*>(P1)|c;y,1y5s|0;*f(P>>

—iPy [ 43 m -\ p
T fx Q)3 T @p (4= m'y + my Py u’r (@vYuys |
(10)

where m'| and m/, are, respectively, the masses of quark and
antiquark in the final D™ meson; @ is defined as y%¢y?;
@7 is the positive energy part of the wave function. In the
above equation, we have neglected the contributions of neg-
ative energy part of the wave function, which is very small
compared with that of the positive one (less than 1%).

@ Springer
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If the final light meson is 5 or 1/, we have to consider the

n—n’ mixing
¢\ _ cos.G sin 6 Dg ’ (an
by —sinf cos@ Do
where the mixing angle & = 19° is used. The masses of the
physical states are related to the masses of the flavor states

by
M? cos?6 sin?6 M?

8 —
(M%())_(sian c0520) Mg/ ' (12)

By considering ¢, = (uii+dd —255)/~/6 and ¢, = (uii+
dd + s5)/ /3, the transition amplitude of D;‘ 7 (2860)T —
D' has the form [52]

—2M?cos® M?2sin6

+
\/EM%S f'l8 ‘/ng%O fﬂo
x (D) (P)[5y,yss| DX (P)), (13)

where f,, and f;, are the decay constants of 1o and nsg,
respectively.

The method above can only be applied to the processes
when the light meson is a pseudoscalar. In the case when a
light vector boson is involved, we use the effective lagrangian
method which is adopted in Ref. [29]. The quark—meson cou-
pling is described by the lagrangian

_ ib
Loqv = E qj (a)’u + Zm_a,wP2”> Vig;, (14)
: J
J

where V# is the field of the light vector meson with momen-
tum P»; a = —3.0 and b = 2.0 represent the vector and
tensor coupling strengths, respectively. In Ref. [29], this
lagrangian is reduced to the nonrelativistic form and the har-
monic oscillator wave functions are used. In our calculation,
we use Eq. (14) directly, and the full Salpeter wave functions
are applied which could provide some comparison with the
results in Ref. [29].

After finishing the trace and integral in Eq. (10), we get
the transition amplitudes which are expressed as several form
factors,

—i
M, 2860 DK = Eéaﬂyplaplﬁplyll, (15)
—i _apy s o pt
MD;3(2860)—>D*K = f—Ke €1€asoe P° Py PigP1y 12, (16)

Mz 2860)—>DK* = EaﬂyégéasasPGprlﬁplyt& (17)
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aposd B

M 32760 D5 2460)r = e "7 Py P15 Py €apy€1pn
T

x (P] Pty + g""M*15),  (18)

—i
M p760)— Dy (24207 = f—EaﬂyéfPlﬁPly(PlaPufé
s

+ gapM?17), (19)

MB;‘%B*/) = Py Pi1y(Piger - Peyys1 + Piger - Perysr
+ PigPiyer - Pey - Ps3/M?
+ Pig P1y€i '62S4+M261/362,,S5). (20)

In the above equations, €*#°? is the totally antisymmetric

tensor; €, €1, and €, are the polarization vectors (tensor) of
the initial meson, the final heavy meson, and the final light
meson, respectively. The form factors #; ~ 7 and s1 ~ s5 are
integrals of ¢ . For different channels, the integrations have
different expressions. Thus the form factors have different
values. Here we just take some channels of Dy3, D3, and B
as examples. Other decay channels would have the same form
of form factors as one of the above equations. For instance
M DX (2760)—> D,/ (2420)7 would have the same expression as
Eq. (19).
The two-body decay width is

I

2
> 21
8TM22J +1 4 M, @D

where |Pi| = /[M? — (Mj — M2)2][M?* — (M) + M2)?]/
2M is the momentum of the final meson; J = 3 is the spin
quantum number of the initial meson; A represents the polar-
ization of both initial and final mesons.

3 Results and discussions

The wave functions of mesons with different quantum num-
bers (JF€) have different forms. So for each type of mesons,
we have to construct the wave function first (such as Eq.
(1)), and then deduce the full Salpeter equation fulfilled by
this function [50,53]. To solve this equation numerically, we
should determine the values of parameters in the interaction
potential, which in this work is phenomenologically written
as the Coulomb-like term (comes from one-gluon exchange)
plus alinear term. This form of the potential is used in most of
the quark potential models, where one more free parameter
Vo is introduced to shift the whole spectrum, which makes
the predicted spectrum consistent with the experimental val-
ues. Its value is fixed by fitting the mass of the ground state
(that is, we treat this mass as an input parameter), which in
this case is D;‘3(286O). Then the whole spectrum is fixed. In
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Fig. 3 Two-body strong decay widths change with the mass of 3~ bottom and bottom—strange mesons. Only the dominant channels are considered.

ais for Bj and b is for B,

Table 2 Two-body strong

decay widths (MeV) of Mode Ours Ref. [35] Ref. [36] Ref. [34] Ref. [37] Ref. [29] Ref. [38]
3 .

D;*3(286_0). Py model is DK 31.1 35.6 22 28.5 20 24.1 25-0

adopted in Refs. [34-38] and the .

chiral quark model is adopted by D*K 14.6 26.8 13 12.2 12 9.7 14-24

Ref. [29] Dgn 1.12 1.6 1.2 1.9 1.0 1.7 ~0.1
Din 0.221 0.6 0.3 04 0.3 0.3 ~0.1
DK* 0.561 2.7 0.71 0.2 0.4 0.2 0.9-2.5
Tiotal 47.6 67 37 432 34 36 42-60

our previous work [54], we showed that, at least for the first
few excited states, the prediction of the mass is consistent
with the experimental data.

The parameters used in the calculation are as follows:
m, = 0.305 GeV, my = 0.311 GeV, my = 0.5 GeV,
me. = 1.62 GeV, and m;, = 4.96 GeV. For the masses of
D¥; and D3, we will use the experimental data as the input
value. For B;‘, we will study two cases: M = 5978 MeV (to
compare with experimental result) and M = 6015 MeV (to
compare with the results of other models). As to B3 meson,
we will use 6178 MeV to compare with Refs. [25,32]. When
the transition amplitude is calculated, the following param-
eters are adopted: fr,= 130.4 MeV, fx= 156.2 MeV [55],
fus = 1.26fx, fyo = 1.07fz, My, = 604.7 MeV, and
M, =923.0 MeV [52].

The decay widths for D}, calculated by different models
are listed in Table 2. The dominant channels are DK and
D* K, which in our calculation have partial widths 31.1 MeV
and 14.6 MeV, respectively. Here we use D™ K to represent
DWTKO 4+ DOOK+ Our results are close to those of other
models, except that " p«g in Ref. [35] is about two times of
ours. References [34-38] use the 3 Py model but with different
parameter values, which causes diverse results. The chiral
quark model is applied in Ref. [29]. In this work, for heavy
mesons, the SHO wave function is adopted. One can see that
their results are smaller than ours. For the D K* channel, we

use the same effective lagrangian form as that in Ref. [29],
whose result is about twice smaller than ours. The total decay
width for our model is close to the central value of the LHCb’s
result [19,20], which is also at the same order with those of
other models.

For D;‘, the results of different models are presented in
Table 3. In our calculation, the partial widths of two domi-
nant channels Drr and D*r are, respectively, 33.1 MeV and
22.0 MeV, which are consistent with those of other mod-
els, especially the chiral quark model [30]. For the chan-
nels with light vector meson Dp and Dw, our results are
about 4 times of those in Ref. [30], but compatible with
those of the 3 Py model [33]. Reference [56] also uses the 3 P
model, but one gets very large widths for these two channels,
which makes the total width larger. In Table 3, the decay
width of Dj (2760) [22] is very close to our result, while
for D3(2760) [23], as we pointed out before, its width is 30
MeV larger. Both results have large errors, which need more
experimental observations.

In Table 4, the decay width for By is given. To compare
with the results of other models, we consider two cases with
different mass of B; . For M = 5978 MeV, the total decay
width (22.9 MeV) is about 3 times smaller than the central
value of the experimental data (701’;8 4+ 30 MeV) which has
large errors. So we expect more data as regards this particle
will be accumulated and more precise decay widths will be

@ Springer
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Table 3 Two-body strong

decay widths (MeV) of Mode Ours Ref. [34] Ref. [56] Ref. [33] Ref. [30] Ref. [40]
3 .

D§(276Q), The ° Py model is Dr 33.1 27.9 25.75 31.66 32.5 14.06

adopted in Refs. [33,34,40,56] .

and the chiral quark model is D*m 220 15.5 15.67 30.71 20.6 11.09

adopted by Ref. [30] Dn 0.812 14 0.99 1.77 2.6 0.77
D*n 0.254 0.2 0.24 0.76 0.7 0.26
DsK 2.30 1.6 0.70 0.82 2.1 0.22
DiK 0.416 0.2 0.09 0.21 0.3 0.04
Dp 1.59 0.2 40.16 2.15 0.4 0.66
Dw 0.423 0.1 12.62 0.65 0.1 0.20
D/ (2430)7 6.99 1.1 0.065 2.13 52 0.37
D (2420)7 1.02 0.4 0.024 0.05 1.7 0.03
D3 (2460) 3.70 1.1 0.17 2.28 1.7 0.62
D(2550)7 0.03 0.0 56x 1074
Crotal 72.6 49.7 96.49 73.17 67.9 28.32

Table 4 Two-body strong

decay widths (MeV) of the B Mode Ours Ref. [25] Ref. [26] Ref. [32] Ref. [39] Ref. [27]

state with the mass 6.11 GeV. 6105 5978 6105 5978 6106 5978 5950-6050 (5978)

The second subrow of the first

row is the mass (MeV) of the B Br 24.7 117 4.9 377 14.4 20.19

meson used in different models. B*m 24.7 10.3 6.2 31.8 14.2 21.34

The value a[b] represents Bim 6.19 0.546  0.74 — 0.460 031

a x 1070 References 2

[25,32,39] use the ° Py model. B 9.40[2] 2.85[3] 9.0[2] — 0.117 0.15

References [26,27] use the Bim 4.96 0.185 0.17 — 0.0615 0.14

heavy meson effective theory B 0.43 0.06 0.21 0.2 0.441 0.31

and chiral quark model, B*n 0.31 0.023 0.20 <0.1 0.257 0.14

respectively
Bp 5.94[2] — 1.8[2] —
B*p 7.19[2] — 1.3 —
Bw 1.13[2] — 3.7[3] —
B,K 1.12 0.08 5.4[2] 0.3 0.366 0.16
BK 0.64 0.015 4.5[2] <0.1 0.197 0.03
Ciotal 63.3 22.9 14 70 31 42.69 50-120 (60)

given. In Ref. [26], the effective theory is used. There the
experimental value is used to deduce the effective coupling
which is applied to calculate the partial decay widths, the first
two of which are about 3 times as large as ours. Reference [27]
gets the total decay width of 60 MeV, which is twice larger
than ours. When M is taken to be 6105 MeV, our results
increase by about two times, which is about 2 and 4 times
of those in Ref. [32] and Ref. [25]. In our calculation, the
Bi“ wand B { 7 channels also give sizable contributions, which
may be detected in the future to clarify the properties of this
particle. For the mass of B}, we take the value in PDG [55],
which is 50 MeV smaller than that taken in Ref. [25] and
Ref. [32]. Both references use the 3 Py method and SHO wave
functions. In Fig. 3a, we plot the total and main partial decay
widths of B¥, where M B is taken to be 5950-6150 MeV.
The total width changes from 18 to 89 MeV, which implies it

@ Springer

depends strongly on the mass. One also notices that with the
increase of mass, the decay width increases more and more
quickly. When the mass of B changes, the wave function
actually changes not very much, and most of the changes
come from the value of the overlap integral of wave functions,
which is sensitive to the phase space. As the initial and final
heavy mesons are, respectively, D wave and S wave for the
two main decay channels, this makes the last point more
important.

The result for B is given in Table 5. BK and B*K give
the main contribution. For the total decay width, we get 40.8
MeV, which is larger than those in Refs. [25] and [32] but
smaller than that in Ref. [39], where 3 Py model is applied.
Reference [27] uses the chiral quark model. One can see a
result about twice of ours is obtained when M takes the same
value. Figure 3b shows when M changes from 6050 to 6200
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Table 5 Two-body strong

. Mode Ours Ref. [25] Ref. [32] Ref. [39] Ref. [27]
*
f;ctzyw"lvtfg‘; %ﬁ:’é ‘;fgﬂéeegﬂ 6178 6178 6179 6096 60506150 (6070)
The §econd subrow of the first BK 21.1 59 14 2369
row is the mass (MeV) of the .
B; meson used in different B*K 18.6 5.7 114 21.78
models. The value a[b] BK* 7.82[5] 3.0[5]
ot —b 3
reP‘(’fSlf{mS a dX. 1077. The “ Py Byn 0.65 5.3[2] 0.522 0.57
model is used in .
Refs. [25,32,39], and the chiral 55" 0.41 4312] 0.305 0.30
quark model is used in Ref. [27] Ctoral 40.8 11 26.4 46.33 25-75 (30)
Table 6 The ratios of decay Mod T'[D(2860)— D*K] I'[D%(2760)— D*x ] T'(Bf—B*x] I[B*—B*K]
widths of different channels ode T[D(2860)— DK] T[D3(2760)— D] T[Bj— Br] T[Bj;— BK]
Ours 0.47 0.66 1.0 (0.88) 0.88
Ref. [35] 0.75
Ref. [34] 0.43 0.56
Ref. [37] 0.62
Ref. [33] 0.75 0.97
Ref. [32] 0.99 0.81
Ref. [27] 0.5 0.65 0.9 0.71
Ref. [25] 1.27 1.10

MeV, the total decay width increases from 11 to 49 MeV. As
LHCb is running, we expect this state will be detected in the
near future.

An experimentally measured quantity is the ratio of the
partial widths of two dominant decay channels. In Table
6, we present both theoretical and experimental results for
this quantity of four heavy-light mesons. For I'[D}; —
D*K]/T[D}; — DK], the theoretical models listed in
Table 6 get results 0.43-0.75. In Ref. [57], the BaBar Col-
laboration gave

T[D*;(2860) — D*K]
I'[D¥,(2860) — DK]

= 1.10£0.15 £ 0.19, (22)

where the spin of this particle was not determined, while it
was believed that / = 1 or J = 3, or a mixing of the former
two states. This experiment result is apparently larger than
the theoretical estimation of this ratio for D;k3 (2860), which
implies D;‘ 7(2860) is unlikely to be D;k3 (2860). This can
be understood as follows. On the one hand, there are more
than one particle around this mass region, such as 1D(37),
25(17), ID(17), I1D(27), and 1D'(27). As Ref. [29] pro-
posed, if the mass of 1D(37) and 1D’(27) are close enough
not to be distinguished experimentally, then BaBar’s results
can be explained. One the other hand, the latest data pub-
lished by the LHCb Collaboration [19,20] indicate that there
are two states D7, (2860) and D};(2860) around this mass
region. So amore precise measurement of this ratio is needed.
We expect this can be achieved in the future by LHCb or

the B factories. The ratio I'[D; — D*rn]/I'[D; — D]
is close to that of the D5 case as a result of the SU(3)r
symmetry. Our result is close to those of Refs. [27,34]. For
I'[By — B*n]/T'[B; — Bm], we present two results,
which correspond M B,= 6105 MeV and 5978 MeV (in the
parentheses), respectively. One can see our result is close
to those of Refs. [27,32]. When M B takes values 5950—
6150 MeV, this ratio changes from 0.85 to 1.03. The ratio
I'[BY; — B*n]/T'[B}; — Bm]is close to that of the B
case, which changes from 0.68 to 0.90 when M BY, takes
6050-6200 MeV.

4 Summary

We have studied OZI-allowed two-body strong decays of
3~ heavy-light mesons. The instantaneous Bethe—Salpeter
method is applied to get the wave functions of the heavy
mesons. For D}; and D3, the total decay widths are within the
experimental error. For B state, we present total and several
main decay widths within the mass region 5950-6150 MeV.
When M B} = 5978 MeV, our result is much smaller than
the central value of the decay width of the new discovered
B(5970), while it is still within the experimental errors. So
a more precise detection is needed. For the B} state, there
is no candidate in the experiments, and our calculations can
provide some help for the future study of this particle. Our
results also show that the decay widths of B and B}; depend
strongly on the particle mass.
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