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Abstract D{(2308) and Bg resonances are discussed with the molecular state assumption in the heavy chiral

unitary approach. By studying the heavy baryon-pseudoscalar meson interaction, some molecular states are
found. It is shown that there exists a bound DK state with a mass of about 2.312+0.041GeV in the strange
sector, which can be identified as D,(2317). While in the non-strange sector, one wide-width state at about

2.1GeV and one narrow-width state at about 2.44GeV are found. These states should be associated with

the Dy state. Therefore, Dj(2308) cannot be explained by the assumption of the molecular structure only.
Moreover, B, and Bf states are also predicted. A BK bound state with the mass of 5.725+0.039GeV which
can be assigned to the BZ,(5725) state and Bg(5536) and Bg(5819) should be considered as the corresponding

states in the non-strange sector.
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In 2003, Babar observed a new state in the in-
clusive Df7t® invariant mass distribution from e*e™
annihilation™. The state was identified with the mass
of 2318 0.3 £0.9MeV, the width less than 10MeV
and J¥ = 0T, and it was suggested as a candidate
of ®P, 8 state(D,). Later, that state was confirmed
by CLEO in the same process and by Belle in the
B — DD, processm. Because it has a very narrow in-
trinsic width and a mass smaller than that predicted
by various theoretical models, the new observation
regenerates the enthusiasm of physicists on the open
charm spectrum study. Up to now, many physicists
have conjectured that the observed state is a con-
ventional ¢§ meson state™. But others believed that
the new state might be an exotic meson state, for
instance, various tetraquark state!® or various molec-
ular state™ or even a mixture of a cs state with a

(6]

molecular state™ or with a tetraquark state. Nev-
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ertheless, the structure of the 07 state in the strange
sector is still in dispute.

In the following year, Belle Collaboration ob-
served another new state D3° with the mass of 2308+
17+ 15 4+ 28MeV and the width of 276 +21 + 18+
60MeV™. But FOCUS Collaboration claimed that
such a state should have a mass of 2407+21+35MeV
and a width of 240+ 55+ 59MeV'®.
vestigations showed that this state could be a con-

[m],or a tetraquark state[n], or

Theoretical in-

ventional cn meson
a ch+tetraquark admixture!”. Whether these two
states are the same state and whether the state is the
corresponding state of D?;(2317) in the non-strange
sector are even challenging.

In this talk, we will present whether these states,
especially the D3°(2308) state, can be explained under
the assumption of the meson-meson molecular struc-

ture only. A better framework for carrying out this in-
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vestigation is the so-called chiral unitary approachm].
In this approach, the meson-meson interaction can be
well described and many light scalar mesons, such as
0, 1,(980), a4(980), K, etc. can dynamically be gener-
ated through S wave interactions between Goldstone
bosons™.

To study heavy mesons, we adopt the lowest order

Lagrangian in the heavy chiral perturbation theory[w

1
£ = 0 P02, 9P - D0, 80" ) -
1
Tﬁ(a“pw[@,aﬂg@]pﬁ_
P [®,0,9]0" P;T), (1)

where f. = 92.4MeV is the pion decay constant, P
represents the charmed mesons (cu, cd, c§), namely
(D%, DT, D), and @ denotes the octet pseudoscalar
Goldstone bosons. Similarly, in the bottom sector,
P* in Eq. (1) should be anti-bottom mesons (b, bd,
bs), namely (B~, B°, B,). From Eq. (1), one can im-
mediately obtain the amplitude of the three diagrams

in a specific channel

I
where 7 and j represent the initial and the final states,
respectively, I denotes the isospin of the system, s, t,
u are the usual Mandelstam variables and the coeffi-
cient C/; can be found in Ref. [15]. In the I =0 case,

i(j)=1 and 2 represent the DK and D.n channels in

the charmed sector, respectively, and BK and Bgn
channels in the bottom sector, respectively. These

two channels are coupled through the non-diagonal
e 1 o
term VI with i # j. In the I = 5 case, ¢ (j)=1, 2

and 3 denote the Dmr, Dn and DK channels in the
charmed sector, respectively, and Bmt, Bn and B,K
channels in the bottom sector, respectively. Again,
the couplings between these channels are induced by
the non-diagonal terms K§ with ¢ # j.

Under the on-shell approximation, the full scatter-
ing amplitude can be written as an algebraic Bethe-

Salpeter equation
T'(s)=[1=V(s)G(s)] 'V (s) . (3)

The propagator G(s) can be calculated in the disper-
sion relation approach[ls]. By setting the subtraction
constant () in an appropriate region, where the cor-
responding cutoff momentum ¢, picks up the value
in the region of 0.6—1.0GeV, the artificial divergence
of the propagator G(s) can be removed.

The physical states are closely associated with the
poles of the full amplitude of the coupled channel
scattering on the appropriate Riemann sheets of the
0,1) chan-
nel, by examining the poles, we find DK(D*K) and
BK(B*K) bound states in the strange-charmed and

strange-bottom sectors, respectively. The masses of

complex energy plane. In the (I,5) = (

these states are tabulated in Table 1.

Table 1. Masses of the states in the (1,5)=(0,1) channel. I, S and J denote the isospin, spin and the total
angular momentum of the system, respectively.
J state structure mass/GeV J state structure mass/GeV
0 D%, DK 2.31240.041 0 B, BK 5.725+0.039
1 DX D*K 2.462+0.010 1 B B*K 5.778+£0.007

From this table, one sees that the experimental
data of the D}, and D, states!™ ? can simultaneously
be well reproduced. This implies that the DK (D*K)
molecular structure is the dominate structure of the
Dz, (Dz)) state. Furthermore, in the strange-bottom
sector, there should be a BK(B*K) molecular state
associated with Bz, (BZ), and one should find them
at 5.725GeV (5.778GeV) in the experiment.

With the same assumption and Lagrangian, we

examine the pole structure of the full amplitude in

the (I,5) = (1/2,0) channel. Two poles in each J
case are found. In the J = 0 case, the lower pole,
which associates with D7t (B7t) resonance in the non-
strange-charmed (non-strange-bottom) sector, is lo-
cated on the second Riemann sheet. Since this reso-
nance is easy to decay into D47 (B+4), the width of
the resonance is large. The higher pole, which asso-
ciates with a metastable D,K (B,K) state in the non-
strange-charmed (non-strange-bottom) sector due to

its narrow width, is also located on the second Rie-
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mann sheet. We summarize the masses and widths of
these states in Table 2.

Table 2. Masses and widths of the states with
J=0in the (1,5)=(1/2,0) channel. I, S and
J denote the isospin, spin and the total angu-
lar momentum of the system, respectively.

J state structure mass/GeV width/GeV
0 Dj Dm 2.0971+0.018 0.213+0.080
DsK 2.44340.046 0.088+0.010
0 Bj Bm 5.536+0.029 0.234+0.086
BsK 5.8194+0.045 0.046 +0.008

It is shown that the predicted Dy states are consis-
tent with those predicted in Ref. [16], although they
all deviate from the experimental value of 2308MeV
or 2407MeV™ 7.

in the data analysis and the predicted higher narrow

Because of the large uncertainty

state just around the D3(2460) region, the molecular
model cannot rudely be disregarded. If one believes
that the D3°(2308) (or D;°(2407))and D7,(2317) are
the corresponding states in the non-strange and
strange sectors, respectively, there should be a pair
of molecular states associated with D;°. One of them
is a wide-width resonant state at about 2.1GeV and
the other is a narrow-width metastable state around
2.44GeV. Therefore, the resultant molecular state

could give a contribution to the mass of D3°(2308)
(or D;°(2407)). One might surmise that the newly ob-
served D3°(2308) (or D;"(2407)) would have a mixed
configuration, in which the molecular structure and
other structures, such as the tetraquark, the conven-
tional meson, etc., co-exist. Moreover, we predict
possible B(5536) and Bj(5819) states in the non-
strange sector as the corresponding state of B (5725)
in the strange sector and tabulate their masses and
widths in Table 2.

As a summary, within the molecular model,
one can well describe the newly observed D7, (2317)
and D7 (2460) states, simultaneously, but not the
D;°(2308). If one believes that the D;°(2308) (or
D;(2407)) and Dz,(2317) are the corresponding
states in the non-strange and strange sectors, respec-
tively, there should be a pair of molecular states as-
sociated with D;°.

mass of Di° in future experiments would not be the

If more accurately determined

value of our prediction, the newly observed D3°(2308)
(or D3°(2407)) might have a mixed configuration, in
which the molecular structure and other structures,
such as the tetraquark, the conventional meson, etc.,
co-exist. More theoretical investigations on the struc-

tures of D0 are still needed.
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