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Strong decays of heavy-light mesons in a chiral quark model
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We carry out a systematic study of the heavy-light meson strong decays in a chiral quark model. For the
S-wave vectors [D*(2007), D**(2010)], P-wave scalars [Dg(2400), B;(5730)], and tensors [D}(2460),
D},(2573)], we obtain results in good agreement with the experimental data. For the axial vectors
D;(2420) and D/(2430), a state mixing scheme between 1! P, and 13P, is favored with a mixing angle
¢ = —(55 £ 5)°, which is consistent with previous theoretical predictions. The same mixing scheme also
applies to D,;(2460) and Dy, (2536) that accounts for the narrow width of the D,;(2536) and its dominant
decay into D*K. For B(5725) and B} (5732), such a mixing explains well the decay width of the former
but leads to an even broader B}(5732). Predictions for the strange-bottom axial vectors are also made. For
the undetermined meson D*(2640), we find that they fit well in the radially excited state 2°S, according to
its decay mode. The newly observed D*;(2860) strongly favors the D-wave excited state 1°D,. For
D7;(2632) and D5,(2690), we find they are difficult to fit in any D excitations in that mass region, if the
experimental data are accurate. Theoretical predictions for decay modes of those unobserved states as
multiplets of 25 and 1D waves are also presented, which should be useful for the further experimental

search for those states.
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I. INTRODUCTION

During the past several years, significant progress has
been made in the observation of the heavy-light mesons. In
2003, two new narrow charm-strange mesons D7,(2317)
and D7,(2460) were observed by BABAR, CLEO, and Belle
[1-5]. Recently, BABAR reported another two new charm-
strange mesons, i.e. D?,(2860) with a width of (47 =
17) MeV and Dj,(2690) with a width of (112 =*
43) MeV in the DK decay channel [6]. Meanwhile, Belle
reported a new vector state D7},(2708) with a width of
(108 +2373%) MeV [7]. The D%,(2690) and D?,(2708)
are believed to be the same state since their masses and
widths are consistent with each other. In the B meson
sector two narrow states B{(5725) and Bj;(5740) were
reported by CDF [8], and are assigned as orbitally excited
B mesons. They were confirmed by the DO Collaboration
with slightly different masses [9]. The CDF Collaboration
also reported their strange analogues, Bj;(5829) and
B},(5840), as orbitally excited B; mesons [10]. The
B’,(5840) is also observed by the DO Collaboration [11].
About the recent experimental status of the heavy-light
mesons, many reviews can be found in Refs. [12-18].

To understand the nature of the heavy-light mesons,
especially the newly observed states, and to establish the
heavy-light meson spectroscopy, a lot of effort has been put
into both experiment and theory. For example, one can find
recent discussions about the dynamics and decay proper-
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ties of the heavy-light mesons given by Close and Swanson
[19], Godfrey [20], and other previous analyses in
Refs. [21-32]. For the new observed heavy-light mesons,
such as D7,(2860) and D7,(2690), various attempts on the
explanation of their nature have been made [33—43]. Many
systematic studies are devoted to establishing the D, D, B,
and B, spectroscopies [44-49], while some earlier work
can be found in Refs. [21,50]. Recent reviews of the status
of the theory study of the heavy-light mesons can be found
in Refs. [51-58].

On the one hand, the improved experimental measure-
ments help clarify some old questions on the spectrum. On
the other hand, they also raise some new ones which need
further experimental and theoretical study [59,60]. For
instance, D*(2640) reported by DELPHI in D*" 7% 7~
[61] as the first radial excited state still has not yet been
confirmed by any other experiments. The spin-parity of the
narrow D;(2420) also needs confirmation. The status of the
broad D;;(2400) is not clear at all: its measured mass and
width have uncertainties that are too large. For the D
spectroscopy, the low masses of the Dj,(2317) and
D5,(2460) still cannot be well explained by theory;
whether they are exotic states is an open question.
Theoretical predictions for the D},;(2860) and D7},(2690)
are far from convergence. The narrow state D},(2632) seen
by the SELEX Collaboration [62] cannot be naturally
explained by any existing theory. Nevertheless, since the
flavor symmetry of the heavy-light mesons is badly broken,
a mixture of states with the same J” may occur. This will
add further complexities into the meson spectrum, and
further theoretical investigationis needed.
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In this work, we make a systematic study of the strong
decays of heavy-light mesons in a chiral quark model. In
the heavy-quark infinite mass limit, the flavor symmetry no
longer exists in the heavy-light mesons, which allows us to
describe the initial and final D, D, B, and B, mesons in a
nonrelativistic framework self-consistently. The meson
decay will proceed through a single-quark transition by
the emission of a pseudoscalar meson. An effective chiral
Lagrangian is then introduced to account for the quark-
meson coupling. Since the quark-meson coupling is invari-
ant under the chiral transformation, some of the low-
energy properties of QCD are retained. This approach is
similar to that used in Refs. [21,22], except that the two
constants in the decay amplitudes of Refs. [21,22] are
replaced by two energy-dependent factors deduced from
the chiral Lagrangian in our model.

The chiral quark model approach has been well devel-
oped and widely applied to meson photoproduction reac-
tions [63—71]. Its recent extension to describe the process
of mN scattering and investigate the strong decays of
charmed baryons also turns out to be successful and in-
spiring [72,73].

The paper is organized as follows. In the subsequent
section, the heavy-light meson in the quark model is out-
lined. Then, the nonrelativistic quark-meson couplings are
given in Sec. IIl. The decay amplitudes are deduced in
Sec. IV. We present our calculations and discussions in
Sec. V. Finally, a summary is given in Sec. VL.

II. MESON SPECTROSCOPY

A. Harmonic oscillator states

For a heavy-light Qg system consisting of light quark 1
and heavy quark 2 with masses m, and m,, respectively, its
eigenstates are conventionally generated by a harmonic
oscillator potential

1
H=—pl+—p3+-K@r, —1)% (D)
1 niy

where vectors r; and p; are the coordinate and momentum
for the jth quark in the meson rest frame, and K describes
the oscillator potential strength which is independent of the
flavor quantum number. One defines the Jacobi coordinates
to eliminate the c.m. variables:

r = rl - r2) (2)

R em = w (3)

my + my

With the above relations (2) and (3), the oscillator
Hamiltonian (1) is reduced to
_Pim 1

3
+—p*+ K, “4)

H
XM 2 2

where
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p=ui, P, =MR.,, (5)
with
M =m; + m,, M=M. (6)
mp + my

From Egs. (2), (3), and (5), the coordinate r; can be ex-
pressed as functions of the Jacobi coordinate r,

r, = Rc.m. + 2 r, (7)
my

r, = Rc.m. - £ r, (8)
my

and the momentum p; is given by

mi
o 9
P M c.m. | Y ( )

my
=—P.., —p- 10
P2 M c.m. |Y ( )

Using standard notation, the principal quantum numbers
of the oscillator are N = (2n + [), the energy of a state is
given by

Ey =N + o, (11)
and the frequency of the oscillator is
o = 3K/u)"2 (12)

In the quark model the useful oscillator parameter is de-
fined by

2m
ol = pw = = p2, (13)
my + my
where 8 is the often used harmonic oscillator parameter
with a universal value 8 = 0.4 GeV. Then, the wave func-
tion of an oscillator is given by

l//;lm = RnlYlm' (14)

B. Spin wave functions

The usual spin wave functions are adopted. For the spin-
0 state, it is

1
O=_—(1 =11, 15
X ﬁm m (15)
and for the spin-1 states, the wave functions are

B ] m=%m+m.<m

We take the heavy-quark infinite mass limit as an ap-
proximation to construct the total wave function without

flavor symmetry. All the wave functions up to 1D states are
listed in Table 1.
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TABLE I. The total wave function for the heavy-light
mesons, denoted by [n>S*!L;). The Clebsch-Gordan series for
the spin and angular-momentum addition  [n®$*!L;) =
Yois.—sSLm, SS|JT )}, xs. P has been omitted, where &
is the flavor wave function.

[n25H1L,) Jr Wave function
1S, 0" Yoo X"
1 351 1~ (ﬁgo)(érq)
1P, 1+ 0 VD
1 3P, 0* m/\/éq)
1 3P, " lm,\/sq)
1 3P, 2 mxé_@
2 18, 0" 1//30)(0‘@
2 351 1~ (/’éoXéjq)
1 D, 2" Y0 0D
1°D, 1~ W0, x5. P
1 °D, 2° W0, x5. P
1 D, 3 Y9x5, P

III. THE QUARK-MESON COUPLINGS

In the chiral quark model, the low-energy quark-meson
interactions are described by the effective Lagrangian
[67,69]

L = y[y, (id* + VE + ysA*) —mlp + -+, (A7)

where V#* and A* correspond to vector and axial currents,
respectively. They are given by

vi = Lgangt + gtang)
ﬁ (18)
— (gt — gtame)

with & = exp(i¢,,/f,), where f, is the meson decay
constant. For the SU(3) case, the pseudoscalar-meson octet

&, can be expressed as |

Cal Wa;(s)
a;-r (s)a;(u)
a;-r (d)a;(s)
a;»r (s)a;(d)
a;»r (w)a;(d)
a}r (d)a;(u)

)
Il
N

where a}r(u, d, s) and a;(u, d, s) are the creation and anni-
hilation operators for the u, d, and s quarks. Generally, 0
ranges from == 32° ~ 43° depending on the quadratic or
line mass relation applied [74]. In our convention, § = 45°

Jlal (wa;(w) — af (d)a;(d)]
[ cos6 f5[a] (wa,(u) + af (d)a;(@)] = sinda](s)a;(s) for 7,
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T7T +T77 mt K*
104 1 0

b = T A7 TEn K a9
K~ KO — %T]

and the quark field ¢ is given by

th(u)
= <¢(d) ) (20)
(s)

From the leading order of the Lagrangian [see Eq. (17)],
we obtain the standard quark-meson pseudovector cou-
pling at tree level

H, = Z fml D YLYiwiat g, Q1)

where i; represents the jth quark field in a hadron, and /; is
the isospin operator to be given later.

In the quark model, the nonrelativistic form of Eq. (21)
1s written as [67,69,72]

nr= o Pr+—0;-P—0;-q

{ [ w,,
—LE; + My E, + M,
1)
YRR

where o; corresponds to the Pauli spin vector of the jth
quark in a hadron. u,, is a reduced mass given by 1/u, =
1/m; + 1/m’, where m; and m/; stand for the masses of the
Jjth qua.rk in the initial and ﬁnal hadrons, respectively. For
emitting a meson, we have ¢,, = exp(—iq - r;), and for
absorbing a meson we have ¢,, = exp(zq r) In the
above nonrelativistic expansions, p’ =P ) 7 Pem 18

the internal momentum for the jth quark in the initial
meson rest frame. w,, and q are the energy and three-
vector momentum of the light meson, respectively. The
isospin operator /; in Eq. (21) is expressed as

for K,
for K,
for KO,
for KO,
for 77, (23)
for 7,

for 79,

|

corresponds to the mixing scheme of Ref. [19]. We applied
the same value in order to compare with Ref. [19].
However, we note in advance that within the commonly
accepted range of 6, our results do not show great sensi-
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TABLE II. The spin factors used in this work.

PHYSICAL REVIEW D 78, 014029 (2008)
TABLE IV. The decay amplitudes for [n**1L;) — [135,)P.

gio = UWlolxy =1
gl = 0ClotIxty) = b
g0 = Xlay Ixi) = =3
g6 = ololx® =1
go1 = xilaf X% = —\/g
g = Wllolxyh =1
g = llot ) =yt

tivities due to the relatively large uncertainties of the
present experimental data.

IV. STRONG DECAYS

For a heavy-light meson Qg, because the pseudoscalar
mesons [P only couple with the light quarks, the strong
decay amplitudes for the process M; — M ;[® can be writ-
ten as

MM; — M,P) = M;{Go, - q + hoy - p'}

X I]eiiq.r] |Mi>’ (24)
with
w w
G = —(—’” + 1), h=2m o (25)

M; and M, are the initial and final meson wave functions,
and they are listed in Table I. In the initial meson rest frame
the energies and momenta of the initial mesons M are
denoted by (E;, P;), while those of the final state mesons

TABLE III.  The decay amplitudes for [n**1L;) — [1'S)P.
g/ is an isospin factor which is defined by g; = (ps |l ). In
the Table III, 1V, V, VI, and VII, the overall factor F(q') =
exp(— %), which plays the role of the decay form factor, is
omitted for simplicity, where ¢’ = (u/m;)q. In the tables, we
have defined R = (Gg — $hq'). Various spin factors used in
this work are listed in Table II.

Initial state Amplitude

1’s,(17) g1gioR

1e,(1%) Forbidden

13P,(0") iylgg,g‘"l'o’R%-i- ivlgg,(\/igf'o + g%)ha
1BP,(1") Forbidden

13P,(2%) ireigioRE
215,(07) Forbidden

2’5,(17) 218l REP + \ig giohq’
1'D,(27) Forbidden

1°D,(17) 21810 REP + Peigiohd’
13D,(27) Forbidden

£0,3°) - Lo, RO

1L J Amplitude
1P, (17%) *1 igigi ha
0 —i 58185 R % — i 58185 har
12Py(07) Forbidden
1°P,(1%) *1 i3g181 RE+ i385, + V28 ha
0 2,81 ha
13P,(2%) *1 _i%glgiqu;
0 /0
215,(07) 0 7'2—4g1g‘"1'0R(%/)2 + \/%glgiohql
23S1(17) El t{712—481821'1R(%)5F + \/%&gﬁhq'}
1'D,(27) *1 jlgg(;rlglh(],
0 215 RE? —leigiihg
PDT) =L Flesi RE? + yeisiihg]
0 0
13D,(27) +1 10185 R(L)? + \/%gIgﬂhq’
0 8118:hq’
PD,37) £l T hgrgh RO
0 0

M and the emitted pseudoscalar mesons [P are denoted by
(Ef, Py) and (w,,, q). Note that P; = 0 and P, = —q.

The form of Eq. (24) is similar to that in Refs. [21,22],
except that the factors G and / in this work have explicit
dependence on the energies of final hadrons. In the calcu-
lations, we select q = gZ; namely, the meson moves along
the z axial. The spin factors can then be worked out, and we
list them in Table II. Finally, we can work out the decay
amplitudes for various processes, M — |11S0)[l3’, M —
[13S)P, M—[1PP)P, M—|1'P)P, and M —
|13Pl>[|3’, which are listed in Tables III, IV, V, VI, and
VII, respectively.

Some analytical features can be learned here. Table III
shows that the decays of 1' P, 1°P,, 2'S,, 1'D,, and 1°D,
into [1'S,)P are forbidden by parity conservation. The

TABLE V. The decay amplitudes for [n**1L;) — [13Py)P,
2 12
where we have defined W = Gg(—1 + L), S = ha(l —3L5).

n 7 mplitude
[n25H1L ) J, Amplitud
215,(07) 0 ilg85 WE — ilgghha A
238 (17) Forbidden
1 W / . A .
19885 WL +i¥g85haA
1'D,(27) *+1 0
+2 — i g ha
1°D,(17) Forbidden
1 \/g +
0 _ngugIS
1°D,(27) *+1 0
*2 —i3gf g /haF — i%gﬁg]S
1°D,(37) +2 —i gl ghaF +ilgi g,S
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TABLE VI. The decay amplitudes for |[n>5*1L;) — [1'P)P.
[n2S+1L,y  (H,J0) Amplitude
215,(07) Forbidden
255,(17)  +(1,~1) z\/;glgloha(l + L)
(0,0) ng,ng + l%g,glohaﬂ
1'D,(27) Forbidden
I’Dy(17) *=(1, -1 —i\/z%gzgqu; l\/%gzgl*oé’
(0,0) —iyfEeigi WL + iyfgigipha A
1’D,27) =(1,-1) _iyl—glgzioRq_/ + i7'—g1g1+ohq’q—'
13D,37) =(1,-1) iy 5285 — gin)gihd' L

00 ifleleiy WL = Vigiha A + 2g},S]

decay amplitudes for 135, 13P,, and 1°D; — [11S)P are
proportional to R (i.e. proportional to q), Rq'/a, and
R (g/a)?, respectively. This is crucial for understanding
the small branching ratios for D*(2007) — D as we will
see later.

In contrast, the decay amplitude for 1°Py, — [11S)P has
two terms. One is proportional to R ¢’/ «, while the other is
proportional to «. Similarly, the decay amplitudes for
238, — |'Sy)P and 23D, — [11S,)P also have two terms
of which one is proportional to R (g’/a)?, and the other to
q'. This feature will have certain implications for their
branching ratio rates into different |1'S,)P states.

Table IV shows that decays of 13P; into |1!S,)P are
forbidden. Among those three helicity amplitudes M .. and
M,, the longitudinal one M, vanishes for 1°P,, 23S,
1°D,, and 1°D; into [11S)P.

From Tables V, VI, and VII, we can see that the decays
of 23S, and 1°D, into |[IPPy )P, 2'S, and 1'D, into

TABLE VII.  The decay amplitudes for [n>S*1L;) — [13P))P.
[n25+1L ) 8 Jh) Amplitude
215,(07) Forbidden )
25,07 =1, —ij-glgﬁha(l i)
+(1,1) 17-g1gllw 17-g1g“haﬂ\
+(0,2) +lg01h0l
1'D,(27) =(1, 1) —’7‘8013
+(1, —1) +ilg g8 (RL+ ha)
. 12
1°D,(17) =(1, -1) —iyg81811ha(l + zq—z)
=10 —ifhesi (WL — ha A —135)
+(0,2) _ng,gll(Rq + 3ha)
PD,2) =, x[—igflegiiha — iyfhgiS]
+(1,1) "‘z\/—g,g”(w —haﬂ\ 1S)
*=(0,2) l\/—glg”'R
'Dy37)  =(1,-1) —iyfgigiihg' ¢

+(1,1) —iyZe 185, [ WL~ ha A + 8]
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[1'P,)P, and 2'S, into [1!P,)P are forbidden parity con-
servation. These selection rules are useful for the state
classifications.

V. CALCULATIONS AND ANALYSIS

With the transition amplitudes, one can calculate the
partial decay width with

2 (Ep + My)lql 5
F= <f> 4mM;(2J; + 1) ,Z My 26)
where J;, and J, stand for the third components of the total
angular momenta of the initial and final heavy-light me-
sons, respectively. 6 as a global parameter accounts for the
strength of the quark-meson couplings. In the heavy-light
meson transitions, the flavor symmetry does not hold any-
more. Treating the light pseudoscalar meson as a chiral
field while treating the heavy-light mesons as constituting
a quark system is an approximation. This will bring un-
certainties to coupling vertices and form factors. Parameter
6 is introduced to take into account such an effect. It has
been determined in our previous study of the strong decays
of the charmed baryons [73]. Here, we fix its value as the
same as that in Ref. [73], i.e. § = 0.557.

In the calculation, the standard parameters in the quark
model are adopted. For the u, d, s, ¢, and b constituent
quark masses we set m, = my; = 350 MeV, m, =
550 MeV, m, = 1700 MeV, and m; = 5100 MeV, re-
spectively. The decay constants for 77, K, 7, and D mesons,
fz=132MeV, fx=f,=160MeV, and fp=
226 MeV, are used. For the masses of all the heavy-light
mesons the Particle Data Group (PDG) values are adopted
in the calculations [74].

To partly remedy the inadequacy of the nonrelativistic
wave function as the relative momentum ¢ increases, a
commonly used Lorentz boost factor is introduced into the
decay amplitudes [66,71,72],

M(q) = vy M(yrq), (27)

where Yr= M f/ E;. In most decays, the three momenta
carried by the final state mesons are relatively small, which
means the nonrelativistic prescription is reasonable and
corrections from the Lorentz boost are not drastic.

A. Strong decays of 1S states

Because of isospin violation, D** is about 3 MeV heav-
ier than the neutral D*9 [74]. This small difference leads to
a kinematic forbiddance of D*® — DT #~, while D*T —
D°7r* and D" 7° are allowed, but with a strong kinematic
suppression. Nevertheless, it shows in Table III that the
decay amplitudes of 1§ states are proportional to the final
state momentum ¢. For the decays of D**— D70,
D** — D7*, and D* 7% of which the decay thresholds
are close to the D* masses, it leads to further dynamic
suppressions to the partial decay widths. As shown in
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TABLE VIIL

PHYSICAL REVIEW D 78, 014029 (2008)

Predictions of the strong decay widths (in MeV) for the heavy-light mesons. For comparison, the experimental data
and some other model predictions are listed.

Notation Channel I" (this work) ' [19] I' [20] I' [32] I' [30,31] I' [26] Ceyp
D*(2007)° (13s)1~ D070 58 keV 16 keV 39 keV <2.1 MeV
D*(2010)" DOrt 77 keV 25 keV 60 keV 64 + 15 keV
D70 35 keV 11 keV 27 keV 29 = 7 keV
D;(2352) (13P,)0* D 248 277 261 =50
Dj;(2403) 266 283 283 + 58
D,(2420) ate)rt D*m 84
(P)1 21.6 22 25 25+6
D} (2430) (B3p)1t D*r 152
(PH1+ 220 272 244 384 + 117
D;(2460)° (13p,)2* Dm 39 35 37 13.7
D*m 19 20 18 6.1
D7 0.1 0.08
Total 59 55 55 20 43 = 4
D,,(2536) (et D*K 59
(P)1 0.35 0.8 0.34 <2.3
D*,(2573) (13P,)2* DK 16 27 20
D*K 1 3.1 1
D, 0.4 0.2
Total 17 30 21 1543
D*,(2860) (1°D;)3~ DK 27
D*K 11
Dgn 3
Din 0.3
DK* 0.4
Total 42 48 = 17
B;(5730) (GPyo* Bw 272 141 250
B,(5725) (P)1+ B*mr 30 20 20+ 12
(»3pe)1t B*m 153
B}(5732) (PH1+ B*m 219 139 250 128 = 18
B;(5740) (13p,)2* Bm 25 15 3.9
B*mr 22 14 3.4
Total 47 29 7.3 16 £ 6 22*]
B*,(5800) (P,)0* BK 227
B,;(5830) (P)1+ B*K 04~1 3+1 1
B',(5830) Pp1t B*K 149
B, (5839) (13p,)2* BK 2
B*K 0.12
Total 2 7+3 1

Table VIII, our calculations are in remarkable agreement
with the experimental data. Since ¢ is small, the form
factor corrections from the quark model are negligibly
small. One  would expect that the ratio
L(D°7*)/T(D* 7°) =~ 2 is then dominated by the isospin
factor g;, which agrees well with the prediction in
Ref. [19].

B. Strong decays of 1P states

In the LS coupling scheme, there are four 1P states: 3P,
3P,, 3P,, and 'P,. For 3P, its transition to [13S,)P is
forbidden. States of ' P, and *P, can couple into [13S )P,
but not |1'Sy)P. In contrast, >P, can be coupled to both

[13S,)P and [1'S,)P. In the decay amplitudes of *P, ' P,
and 3Py, the term haF dominates the partial decay widths,
and usually their decay widths are much broader than that
of >P,. Between the amplitudes of the ' P, and 3P, decays,
we approximately have

izmcpl — [135)P),., (28)

MEP, — 13S)P), = 75

since the term R %F is negligible when the decay channel
threshold is close to the initial meson mass. As a conse-

quence, the decay widths of the 'P, states are narrower
than those of *P;.
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1. 3P, states

D;(2400) is listed by the PDG [74] as a broad P state.
Its mass values from Belle [75] and the FOCUS
Collaboration [76] are quite different though the FOCUS
result is consistent with the potential quark model predic-
tion of 2403 MeV [21]. In experiments, only the D7
channel is observed since the other channels are forbidden.
The term haF in the amplitude, which is in proportion to
the oscillator parameter «, accounts for the broad decay
width. By applying the PDG averaged mass 2352 MeV and
the FOCUS value 2403 MeYV, its partial decay widths into
D are calculated and presented in Table VIII. They are in
good agreement with the data [74,76].

In the B meson sector, Bj; and B, as the 3 P, states, have
not been confirmed in any experiments. The predicted
mass for B and B}, mesons is about 5730 MeV and
5800 MeV, respectively [47]. Their strong decays only
open to B or BK. Applying the theory-predicted masses,
we obtain broad decay widths for both states, i.e. I'(B;) =
272 MeV and I'(B},) = 227 MeV, respectively. Our pre-
diction of I'(Bj) = 272 MeV is compatible with the QCD
sum rules prediction I'(Bfj) = 250 MeV [30]. Such broad
widths may explain why they have not yet been identified
in experiments.

2. 3P, states

In the PDG, the decay width of D5(2460)° is I' = 43 +
4 MeV and that of D3(2460)* is I' = 29 = 5 MeV. Since
there is no obvious dynamic reason for such a significant
difference, it may simply be due to experimental uncer-
tainties. Our prediction I' =59 MeV as a sum of the
partial widths of D, D*r, and D7 is comparable with
the data. Nevertheless, the partial width ratio

I'(Dm) _

R=torm =*

(29)

obtained here is also in good agreement with the data R =
2.3+ 0.6 [74].

D?,(2573) is assigned to be a 3P2 state. Its total width is
Leyp = 1573, and the width ratio between D*K and DK is
R =T'(D*K)/T(DK) < 0.33 [74]. Our predictions for the
total width and ratio R are

[ =17 MeV, (30)
_T(D'K) _
R= o0 = 6%, (31)

which are consistent with the data.

Notice that the width of D*K, ~1 MeV, is 1 order of
magnitude smaller than that of DK. Apart from the kine-
matic phase space suppression, its transition amplitude
also suffers dynamic suppressions since it is proportional
to Rgq'/a. This explains its absence in experiments.
Although the decay channel Dn/D,n is also opened for
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D3(2460)/D%,(2573), its partial width is negligibly small,
ie. <1 MeV.

In the B meson sector, a candidate of the 3P, state is
from the CDF Collaboration with mass [8]

M(BS) = 5740 + 2 + 1 MeV. (32)

The DO Collaboration also observed the same state
with slightly different masses, M(B3) = 5746.8 = 2.4 =
1.7 MeV [9]. By assigning B} as a P, state, the predicted
total width as a sum of B# and B* 7 is

T(B}) = 47 MeV, (33)

which is consistent with the CDF measurement I'(B3) ., =
22%7 MeV. It shows that these two partial widths of B
and B* 7 are comparable, and the predicted width ratio is

I'(B*)

R =t Em + T

= 0.47. (34)

This is also in good agreement with the recent DO data R =
0.475 = 0.095 = 0.069 [9].

The CDF Collaboration also reported an observation of
B3’s strange analogue B}, [10], of which the mass is

M(B%,) = 5840 = 1 MeV. (35)

With this mass, we obtain its partial decay widths,
I'(B*K) = 0.12 MeV and I'(BK) = 2 MeV, respectively.
This gives its strong decay width and width ratio between
B*K and BK:

[(B*K) _
I'(BK)

I'(B},) =2 MeV, R 6%. (36)
The decay width is in good agreement with the data
[(Bj)exp ~ 1 MeV [77]. It also shows that the partial
width of the B*K channel is negligibly small, and will
evade from observations in experiments. But a measure-
ment of I'(BK) with improved statistics should be very
interesting.

3. The mixed states

The D,(2420) and D/(2430) listed by PDG [74] corre-
spond to a narrow and broad state, respectively. Their two
body pionic decays are only seen in D*7r. If they are pure
P-wave states, they should be correspondent to !P; and
3P,. The calculated decay widths by assigning them as ' P,
and 3P, are listed in Table VIIL. It shows that for D;(2420)
as a pure 'P, state, its decay width is overestimated by
about an order, while for D}(2430) as a pure 3P1 state, its
decay width is underestimated by about a factor of 2.
Similarly large discrepancies are also found if one simply
exchanges the assignments. Thus, the pure !P, and 3P,
scenario cannot explain the nature of D;(2420) and
D/ (2430).

Since the heavy-light mesons are not charge conjugation
eigenstates, state mixing between spin S =0 and S = 1
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states with the same J* can occur. The physical states with
JP = 1" would be given by

|P}) = +cos(¢)|'Py) + sin(p)*Py), (37

|P1) = —sin(¢)['Py) + cos(¢)I*Py). (38)

Our present knowledge about the D(2420) and D} (2430)
mixing is still limited. The determination of the mixing
angle is correlated with quark potential, and masses of the
states [22]. An analysis by Ref. [19] suggests that a mixed
state dominated by S-wave decay will have a broad width,
and the D-wave-dominant decay will have a narrow one.
By assuming that the heavy-quark spin-orbit interaction is
positive, this leads to an assignment of D/(2430) and
D{(2420) as a mixed |P}) and |P), respectively, with a
negative mixing angle ¢ = —54.7°. However, this will
lead to the mass of D, being heavier than that of D/, and
the present experimental precision seems unable to rule out
such a possibility [74]. An additional piece of information
supporting such a scenario is that a positive spin-orbit
interaction will lead to a heavier 2* state than 0" which
indeed agrees with experiments [19].

In our calculation, we plot the pionic decay widths of the
mixed states |P}) and |P;) as functions of ¢ in Fig. 1. By
looking for the best description of the experimental data,
we determine the optimal mixing angle. It shows that with
¢ = —(55 = 5)°, D,(2420), as the |P,) mixed state, has a
narrow decay width of I' =22 MeV. This value agrees
well with the experimental data (see Table VIII). Our
prediction for the width of D/(2430) as a |P}) broad state
is I' =217 MeV, which also agrees with the data [74].
Note that there are still large uncertainties with the

250 <
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FIG. 1. The decay widths of D;(2420),
D,;(2536) as functions of the mixing angle ¢.

D/ (2430), and
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D{(2430) measurements, and further experimental inves-
tigation is needed.

Such a mixing scenario may occur within the Dy; states,
which leads to Dy;(2460) and D,;(2536) as the mixed |P})
and |P;), respectively. Note that D (2460) has a relatively
light mass which is below the D*K threshold, and also
slightly below the DK threshold. Therefore, its strong
decay is nearly forbidden, which makes it a narrow state.
On the other hand, D,,(2536), as a |P;) mixed state with
the mixing angle ¢ = —(55 * 5)°, can give a decay width
consistent with the data (I' < 2.3 MeV)

I(D,,(2536)) ~ 0.4 ~ 2.5 MeV. (39)

In contrast, if Dy;(2536) is a pure ! P, state, its decay width
will be 59 MeV, which is overestimated by a factor of 20.
We also derive the width ratio
* 0x+
R= F(D-(2007) K) ~1.2~17, (40)
['(D*(2010)"K°)
which is consistent with the experimental result, R =
1.27 = 0.27. In Fig. 1(b), the change of the strong decay
width T'(D,;(2536)) in terms of the mixing angle ¢ is
presented by treating it as a mixed |P,) state. It should
be mentioned that the recent measurements of the angular
decomposition of Dy;(2536)" — D** K9 indicate configu-
ration mixings within D,;(2536) [78].
In the B meson sector, two new narrow excited B; and
B mesons are recently reported by CDF, with masses

M(B)) = 5725 =2 + 1 MeV, (41)

M(B,;) = 5829 + 1 MeV. 42)

The DO Collaboration also observed the same B; state
with a slightly different mass, M(B,) = 5720 = 2.4 +
1.4 MeV.

The narrowness of these two axial vector states makes
them good candidates as the narrow heavy partners in the
state mixing. With B, as a | P,) state, its strong decay width
to B*r is predicted to be

T(B,) ~ 30 MeV. (43)

With the strong decay widths for B — Bw and B*w
calculated, we obtain the strong decay width ratio
I'(By)

R =T+ 13

=0.34, (44)

which is in good agreement with the recent DO data R =
0.477 £ 0.069 = 0.062 [9].

Note that B}(5732) in the PDG [74] is a broad state with
Iexp = 128 = 18 MeV. The PDG averaged mass is
5698 = 8 MeV, which makes it lighter than B,(5725).
This makes it a natural candidate as the mixed light partner
|P), for which the predicted width is I'(B}) = 219 MeV;
this result is compatible with the QCD sum rules prediction
I'(B}) =250 MeV. As a test, we find that for B}7(5732) as a
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pure * P, state its decay width is 153 MeV, which seems to
agree well with the PDG suggested value. Whether
B’;(5732) is a mixed state |P}), a pure P, state, or another
configuration needs further improved experimental
measurement.

Similarly, for By, as a |P,) state, its strong decay width
and decay width ratio to the sum of B, and B3, widths are

I'(B,,) = 0.4 ~ 1 MeV, (45)

F(le)

R=T®,) 135

= 0.02 ~ 0.6. (46)
The predicted width T'(B,;) agrees with the data
L(Bg)exp ~ 1 MeV [77].

Since the mass of | P}) is slightly lower than that of |P,),
the mass of B!, (as a |P}) state) should be less than
5830 MeV. If we assume the mass of B!, is around
5830 MeV, this gives a broad decay width to the B*K
channel

[(B',) = 149 MeV. (47)

We should point out that the mass of B/, is most likely
below the threshold of B*K; thus, the decay B, — B*K is
kinematically forbidden. In this case the decay width of B/,
will be very narrow. Its decay properties should be similar
to those of D(2460). The isospin violation decay B), —
Bjr and radiative decay B/, — B}y will be the dominant
decay modes. A recent study of this scenario was given by
Wang with light-cone sum rules [79].

C. Strong decays of 2 states

The radially excited heavy-light mesons are still not well
established in experiments, although there are several can-
didates, such as D*(2640)* [61], D:,(2632) [62], and
D3,(2700) [6,7]. In theory, the radially excited D states
2!S, and 2°S, were predicted to have masses ~2.58 and
~2.64 GeV, respectively [21], while the radially excited
D, states 2'S, and 23S, were ~2.6 and ~2.7 GeV, re-
spectively [21,36]. In this section, we study the strong
decays of these excited states into various channels. The
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mass uncertainties bring uncertainties into the predicted
partial decay widths. Occasionally, some of the predicted
partial widths exhibit sensitivities to the meson masses.
Therefore, we present the strong decay widths of the D and
D, radially excited states as functions of their masses
within a reasonable range as predicted by theory, and
plot them along with their partial decay widths in Figs. 2
and 3, respectively. For a given initial mass, by comparing
the relative magnitudes among different partial widths
from theoretical prediction and experimental measure-
ment, one can extract additional information about the
initial meson quantum numbers.

1. Radially excited D mesons

For a 2'S, state with a mass around 2.64 GeV, it can
decay into D", D*n, D;K, and D;;(2400)7. In Fig. 2, the
partial widths and total strong decay width are shown for a
mass range. In these channels, the D*7 dominates the
decays, the total decay width is ~14 MeV at
m(D(2'S,)) = 2.58 GeV, and it shows a flat behavior.
Note that the threshold of the D;K channel is very close
to 2.64 GeV. Some sensitivities to this open channel thus
occur in a mass range around 2.6 GeV. It shows that the
D;K width increases quickly with the masses and will
compete against D* 7.

For the radially excited state 23S1, its dominant decay
channel is D,(2420)7, while the other partial widths are
much smaller (see the lower part of the right panel of
Fig. 2). Again, the D*7 partial width appears insensitive
to the initial D meson mass.

Comparing the decay patterns between 2!'S, and 22, in
Fig. 2 is useful for clarifying D*(2640)=. This state was
first seen by DELPHI in the D*" 77+ 7~ channel with a
narrow width <15 MeV [61], but has not yet been con-
firmed by other experiments. If it is a genuine resonance, it
will fit better into the 23S, state instead of 2'S, due to its
dominant decays into D** 7" 77~ which can occur via the
main channel D*(2640)* — D,(2420)°7r* . In contrast, the
assignment to a 2'S, state will imply a dominant decay
channel to D*7, which is not supported by the data.
Although the predicted width of ~34 MeV overestimates

Partial width (MeV)

m[D(2°s,)] (MeV)

FIG. 2 (color online). The partial widths of D(2!S;) and D(23S,) as functions of the mass.
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the data by nearly a factor of 2, it should be more urgent to
establish it in experiments and have a more precise mea-
surement of its partial decay widths to both D*7 and
D* 7.

2. Radially excited D mesons

There are experimental signals for several excited D,
states, i.e. D,;(2632) [62], D,;(2690), D,;(2860) [6], and
D,;(2708) [7,80], for which the spectroscopic classifica-
tion is still unsettled. The D,;(2690) and D,;(2708) are
likely to be the same state as they have similar masses and
both are broad. We shall compare these experimental ob-
servations with our model predictions in order to learn
more about their spectroscopic classifications.

D,;(2632) was reported by SELEX as a narrow state, i.e.
I' <17 MeV, in D;n and DK channels [62]. The mea-
sured ratio of the partial widths is

['(D°K™)

R=Tom

= 0.16 = 0.06. (48)

Its dominant decay into D7 makes it difficult to assign it
into any simple ¢g scenario [81]. In particular, since a 2!'S,,
state is forbidden to decay into D7 and DK, this rules out
D,;(2632) to be a radially excited 0~.

As shown by Fig. 3, the decay of a 23S, state turns out to
be dominated by D*K and possibly DK, while its decay
into D7 is rather small. Therefore, a simple 23S, cannot
explain its decay pattern as well. Some more investigations

20 T T T T T T T T T ' T T T T T T T T T T T T T
' Sum A
15

Partial width (MeV)
>

2650 2700 2750 2800

m[D(2'S )] (MeV)

2600

Partial width (MeV)

2600

2700 2800
m [D(2°S,)] (MeV)

2900 3000

FIG. 3 (color online). The partial widths of D,(2!S,) and
D,(23S,) as functions of the mass.
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of the nature of D,;(2632) can be found in the literature,
and here we restrict our attention to the output of our model
calculations.

D7,(2860) and Dj,(2690) from BABAR [6] [or
D,,(2708) from Belle [7,80]] have widths

I(D,,;(2860)) = 48 = 17 MeV, (49)

[(D,;(2690)) = 112 + 43 MeV, (50)

and both are observed in the DK channel, and no evidence
is seen in D*K and D,;n modes. Compare these with Fig. 3,
which shows that neither of them can easily fit in 215, or
23S,.

By fixing the masses of 2'S, and 23S, states as sug-
gested by the quark model [36], i.e. m(D,(2'S,)) =
2.64 GeV and m(D(2%S,)) = 2.71 GeV, we obtain their
strong decay widths

I'(D,(2'S,)) =~ 11 MeV, (51)

[(D,(23S))) = 14 MeV, (52)

which turn out to be narrow. For D(2!S,), the predicted
dominant decay mode is D*K, while the DK channel is
forbidden. For D(23S 1), there are two main decay chan-
nels, D*K and DK, and they give a ratio of

[(D*K) _
I'(DK)

R (53)
The D;m channel is also opened, but is negligibly small in
comparison with DK and D*K.

As Dj,(2860) has a relatively larger mass to fit in a
D-wave state, we shall examine it with D-wave decays
in the following subsection.

D. Strong decays of 1D states

Theoretical predicted masses of the D-wave excited D
and D, mesons are in a range of 2.8 ~ 2.9 GeV [21,46]. To
see the decay properties of those D-wave states, we plot
their main decay partial widths in their possible mass
region in Figs. 4 and 5 for D and D, respectively.

1. Excited D mesons

In Fig. 4, decays of four D-wave states are presented. It
shows that the widths of D(1'D,) and D(13D,) states are
dominated by D* 7 decay, while the D7r/Dn channels are
forbidden. At ~2.8 GeV, they have very broad widths
larger than 300 MeV. As D* dominantly decays into D,
such broad widths imply that their dominant final states are
Darar, and it might be difficult to identify them in experi-
ments. This may explain why these states are still evading
experimental observations.

For D(1°D,), D*mr is also the main decay channel, but
with a much smaller width. In contrast, D7 dominates the
decay of D(1°D;). With theory-suggested masses
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FIG. 4 (color online). The partial widths of D(1!'D,), D(13D,), D(13D,), and D(1°D,) as functions of the mass.

m(D(13D,)) = 2.82 and m(D(1°D,)) = 2.83 [21], the to-
tal pionic decay widths for D(1°D,) and D(1°D,) are
predicted to be

I'(D(1°D,)) = 93 MeV, (54)

['(D(1°D,)) =~ 130 MeV, (55)

and the predicted ratios between the D*7r and D7 widths
are

R(D(1°D,)) = % ~(.12, (56)
R(D(1°D,)) = % ~1.7. (57)

For D(1°Dj), the dominance of D decay suggests that it
is relatively more accessible in experiments.

2. Excited D, mesons

For Dy(1'D,) and D,(13D,), three important partial
widths of D*K, DK*, and D} are presented in Fig. 5,
and both states are dominated by the D*K decay. It is
interesting to see that the mass of ~2.8 GeV is about the
threshold for DK™*. Although this decay mode is negligible
near threshold, it can become important in case the masses
for these two D-wave states are above 2.8 GeV.

At 2.8 GeV, the total widths are dominated by the D*K
mode, which are

I(D,(1'D,)) ~ 61 MeV, (58)

I'(D,(1°D,)) =~ 84 MeV. (59)

These results can guide a search for these two states around
2.8 GeV.

As shown in Fig. 5, D*K and DK are two dominant
decay modes for D (13D,) if its mass is around 2.8 GeV,
and the predicted width is relatively narrow. Implications
from such an assignment will be discussed in Sec. VE.

Compared with the D(1°D,) decay, the dominant decay
mode of the D(1°Dj) state is DK around 2.8 GeV. With a
higher mass the D*K channel becomes increasingly im-
portant. This feature fits well the experimental observation
for D7,(2860), and makes it a possible assignment for this
state.

To be more specific, for D?;(2860) as a D,(13D,) state,
its predicted width is

T(D,(13D3)) ~ 41 MeV, (60)

and the dominant decay mode is DK. In comparison, the
decays via DK* and D;n are much less important (see
Fig. 5 and Table VIII). The ratio of DK and D*K is found
to be

I(DK) _

———— =23,
I'(D*K)

R(D,(1°D5)) = (61)

which is also consistent with the experiment [6]. This
assignment agrees with results of Refs. [34,42,43].
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FIG. 5 (color online). The partial widths of D (1'D,), D(1*D,), D(1®°D,), and D,(13D;) as functions of the mass. When we
calculate the partial width of the DK* channel, the D meson is looked at as the emitted pseudoscalar meson in the SU(4) case [73].

Some models also suggested that D},;(2860) could be a
23P0 state [33,34,36], for which only decay mode DK and
D, are allowed. In our model, a 23 P state leads to decay
amplitude

M@3P,— [1'S)P)

1 1 ql q/Z 1 q/2
='—1/— Filgi,G9%s — < gihg!(1 + 215
14 1581 a[glogq a? 3g10 q( 2a2)

”

- Zﬁgfohq’<7 - q—z)] (62)
o

with which its partial decay width to DK is about I' =

184 MeV, and much broader than the experimental

observation.

E. The 23S,-1*D, mixing
In Ref. [36], a mixing scheme between 23S, and 1°D,

was proposed as a solution for the relatively broad
D7,(2690), i.e.

|D%,(2690)) = sin(¢)|1°D,) + cos()[2°S,),
|D},(2810)) = cos(4)[1°D,) — sin(¢)[2°S)),

where an orthogonal state D7,(2810) was also predicted.
The mixing angle was found to favor ¢ = —0.5 radians,
ie. ¢ =—27°. According to such a mixing scheme,
D7,(2810) will also be a broad state and dominated by a
13D, configuration.

Taking the mixing scheme of Eq. (63), we plot the
widths of D7?;(2690) and D7,(2810) in terms of mixing
angle ¢ in Fig. 6. The figure shows that if we take the
mixing angle ¢ = —27° as predicted in Ref. [36], the
decay modes of D},;(2690) are dominated by D*K, which
disagrees with the experimental observation. Nevertheless,
the predicted decay width of D},;(2690), I' ~ 25 MeV, is
underestimated by at least a factor of 2 compared with the
data. If the 25-1D mixing is small, e.g. D},;(2690) is a pure

r (MeV)

S
[0]
=3
~
0"'7—' |"|"'|"|' I"l"'\'.l\' T
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FIG. 6. The partial widths of low vector (A) and high vector

(B) as functions of the mixing angle ¢.
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1°D, state, the predicted decay width is '~ 42 MeV,
which is close to the lower limit of the data. However,
the ratio R = I'(DK)/I'(D*K) ~ 0.8 disagrees with the
observation that the DK channel dominates the decay
modes.

If we set ¢ =~ 30°, which implies that the sign of the
spin-orbit splitting term is now negative to keep the correct
mass ordering, the D*K channel in the D},(2690) decay
will be completely suppressed. This is consistent with the
observations except that the decay width I' ~ 15 MeV is
too small to compare with the data.

For the high vector D},;(2810), with ¢ = *£30°, its width
reads ~40-60 MeV and is dominated by the D*K.
Meanwhile, its branching ratio to DK is still sizeable.

Our test of the property of Dj;(2690) in the 2S-1D
mixing scenario does not fit in the data very well. To clarify
the nature of D7;(2690), more accurate measurements of
its width and ratio R = DK/D*K, and experimental re-
search for the accompanying D},(2810) in the DK and
D*K channels, are needed.

VI. SUMMARY

In the chiral quark model framework, we systematically
study the strong decays of heavy-light mesons in M —
[TISHP, M — [13S)P, M — [1PP)P, M — [11P))P,
and M — [1°P)P. By adopting commonly used values
for the constituent quark masses and pseudoscalar-meson
decay constants, we make a full analysis of the strong
decays of all the excited D*, D;, B*, and B}, and find
that most available data can be consistently explained in
this framework. We summarize our major results as
follows.

A. Excited D mesons

The calculated partial decay widths for the D*(13S,),
D;5(2400) as a 13P,, state, and D5(2460) as a 1° P, state are
in good agreement with the data in our model and support
their assignments as the low-lying excited D*.

State mixing between the 1'P, and 1P, is favored.
With the mixing angle, ¢ =~ —(55 * 5)°, which is consis-
tent with the prediction of Ref. [22], the narrow D,(2420)
and broad D} (2430) can be well explained as mixing states
between 1! P, and 1°P,. Precise measurement of the mass
of the broad D/ (2430) is needed.

Our result shows that assigning D*(2640) to be a radially
excited 23S, state can naturally explain its observation in
the D** 77~ final state, although the predicted width
~34 MeV still possesses some discrepancies with the
data. A search for the D*(2640) in the D,(2420)7 channel
is strongly recommended.

Although the 2S5 and 1D excited D states are still not
well established, we analyzed their partial decay widths in
their possible mass regions, which should be useful for
future experimental studies. The decay widths of 2§ states
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turn out to be narrow, namely, at the order of a few tens of
MeV. Our results show that D(2!S,) is dominated by the
D*7 decay channel, while both D*7r and D,(2420)7 are
important for D(23S,). Both D(1'D,) and D(1°D,) have
very broad widths = 300 MeV, which may be difficult to
identify in experiments. The decay widths of D(1°D,) and
D(1°D,) are = 100 MeV. The former has dominant de-
cays into D*7 and sizeable widths to D7 as well. For
D(1°D,), both D7 and D*7r are important.

B. Excited D; mesons

D,(2460) and D, (2536) are identified as partners due to
mixing between ! P, and *P,. With the mixing angle ¢ =~
—(55 + 5)°, our predictions for D,;(2536) are in good
agreement with the data. Note that D((2460) is below the
strong decay threshold.

D%,(2573) is consistent with a 13P, state. Its partial
decay width to DK is dominant while to D*K is very small
(~1 MeV). This explains its absence in the D*K channel
[74].

For those not-well-established states, by analyzing their
decay properties, we find that D},;(2860) strongly favors a
D,(13D,) state, while the D¥,(2632) and D?,;(2690) cannot
fit in any pure D} configurations.

For the unobserved 28 states, D,(2'S,) and D(23S,),
their decay widths are predicted to be an order of
~15 MeV, and dominated by the D*K decay mode.

For the unobserved 1D states, D,(1'D,), D,(1®D,), and
D(1°D,), their decay widths are of the order of 60 ~
80 MeV at a mass of ~2.8 GeV. The D,(1'D,) and
D,(13D,) decay widths are dominated by the D*K mode,
while D(1°D,) is dominated by the D*K and DK together.

C. Excited B mesons

We also study the decay properties of the newly ob-
served bottom states B;(5725), B5(5829). Our calculations
strongly suggest that B;(5725) is a mixed |P;) state, and
B;(5829) satisfies an assignment of 13P,.

The Bj(5732), which was first reported by the L3
Collaboration, can be naturally explained as the broad
partner (|P})) of B,(5725) in the 'P, and *P, mixing
scheme. Its predicted width is I'(B}) = 219 MeV, which
is larger than the PDG suggested value I, =
128 = 18 MeV. In contrast, as a pure 13 P, state, its decay
width is I'(B}) = 153 MeV. Whether B}(5732) is a mixed
state |P}), a pure 13P1 state, or other configuration should
be further studied.

The theoretical prediction of the mass for the Bj(*P,)
meson is about 5730 MeV. Its decay into B has a broad
width I'(Bf;) = 272 MeV according to our prediction.

D. Excited B; mesons

The two new narrow bottom-strange mesons B;;(5830)
and B},(5839) observed by CDF are likely the mixed state
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P, and the 13P, state, respectively, though their decay
widths and ratios are not given. For Bj;(5830) as a |P})
state, its predicted width and decay ratio are I'(Bj) =
(04~ MV and  T(B,)/(T(B,) + [(B})) =
0.02 ~ 0.6. For B((5839) as the 3P, state, its decay width
and width ratio predicted by us are I'(B},) =~ 2 MeV and
I'(B*K)/T'(BK) = 6%.

The theoretical prediction for the B}, mass is about
5800 MeV. In our model it has a broad width I'(B;) =
227 MeV. For B}, if its mass is above the threshold of
B*K, it will be a broad state with I'(B);) = 149 MeV.
Otherwise, it should be a narrow state.

It should be mentioned that uncertainties with quark
model parameters can give rise to uncertainties with the
theoretical results. A qualitative examination shows that
such uncertainties can be as large as 10%—20%, which are

PHYSICAL REVIEW D 78, 014029 (2008)

a typical order for quark model approaches. Interestingly,
systematics arising from such a simple prescription are
useful for us to gain insights into the effective degrees of
freedom inside those heavy-light mesons and the under-
lying dynamics for their strong decays.
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