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Inspired by the recent observations of T0=þþ
cs̄0 in the processes B0 → D̄0Dþ

s π
− and Bþ → D−Dþ

s π
þ by

LHCb Collaboration, we investigate the decay properties of the T0
cs̄0 in a D�K� molecule scenario, and the

widths of T0
cs̄0 → D0K0, Dþ

s π
−, D�þ

s ρ−, Dð0Þþ
s1 π−, and D�0ðDπÞ0 are estimated. Our estimations indicate

that the width of T0
cs̄0 → Dþ

s π
− is sizable to be observed and the dominant decay mode of T0

cs̄0 is D
0K0.

Considering the isospin symmetry, we proposed to search Tcs̄0ð2900Þþþ in the DþKþ invariant mass
distributions of the process Bþ → DþD−Kþ, where some preliminary experimental hints have been
observed by LHCb Collaboration.

DOI: 10.1103/PhysRevD.107.034018

I. INTRODUCTION

Searching for the fully open-flavor tetraquark states
are particular interesting since their quark components
are obviously different with the traditional mesons, which
makes them much easier to be identified as a tetraquark
states. The first instance of hadronic state with valence
quarks of four different flavors, Xð5568Þ, was reported in
the mass spectrum of B0

sπ
� based on 10.4 fb−1 of pp̄

collision data by the D0 experiment at the Fermilab
Tevatron collider in 2016 [1,2]. After the observation of
Xð5568Þ by the D0 Collaboration, the LHCb [3], CMS [4],
CDF [5], and ATLAS [6] Collaborations searched the
Xð5568Þ in the same final states successively, but no signal
was observed. On the theoretical side, there are different
views in the existence of Xð5568Þ, for example, almost all
the investigations in Refs. [7–23] supported the existence of
Xð5568Þ and could be considered as a BK molecular state
or b̄sq̄q compact tetraquark state, while the authors in
Refs. [24–32] had just the opposite opinions.
Another two additional fully open-flavor tetraquark states

are X0ð2900Þ and X1ð2900Þ, which were first observed in
the D−Kþ invariant mass spectrum of the process Bþ →
DþD−Kþ in 2020 [33,34]. Their most possible quark
components are udc̄ s̄, and the fully open-flavor property
of these two states has attracted the theorists’ great interest

and various interpretations have been proposed by different
groups. The estimations in the constituent quark model [35]
and QCD sum rule [36,37] indicate that X0ð2900Þ could be
a compact tetraquark state with IðJPÞ ¼ 0ð0þÞ, while the
estimations in Ref. [38] supported the diquark-antidiquark
tetraquark interpretation forX1ð2900Þ, but forX0ð2900Þ, they
found it could be a D�K� molecular state. The estimations
of QCD two-point sum rule method [39] and potential model
[40–45] supported X0ð2900Þ as D�K̄� molecular state.
Moreover, in Ref. [46], the authors investigated the decay
properties of the X0ð2900Þ in the D�K� molecular scenario
based on an effective Lagrangian approach.
Very recently, the LHCb Collaboration reports two

resonances Tcs̄0ð2900Þ0=þþ (abbreviated to T0=þþ
cs̄0 here

and after), which are two of the isospin triplets, in the
Dsπ invariant mass spectrum of the processes B0 →
D̄0Dþ

s π
− and Bþ → D−Dþ

s π
þ with a significance of 9σ.

The analysis indicated that the spin parity is preferred to be
JP ¼ 0þ. The resonance parameters of T0=þþ

cs̄0 are measured
to be [47,48]

mT0
cs̄0

¼ ð2892� 14� 15Þ MeV;

ΓT0
cs̄0

¼ ð119� 26� 12Þ MeV; ð1Þ

and

mTþþ
cs̄0

¼ ð2921� 17� 19Þ MeV;

ΓTþþ
cs̄0

¼ ð137� 32� 14Þ MeV; ð2Þ

respectively. The quark components of T0
cs̄0 are cs̄ ū d,

which is also a fully open-flavor state. In Ref. [49], the
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authors investigated the open-flavor tetraquark states by
using QCD sum rule and suggested searching for exotic

doubly-charged tetraquark state ½sd�½ū c̄� in the Dð�Þ−
s π−

channel. The estimations in the constituent quark model
[50] and multiquark color flux-tube model [51] suggested
that Tcs̄0 can be assigned to be a tetraquark state. Noted that
the thresholds of D�0K�0 and D�

sρ are about 2902 MeVand
2887 MeV, respectively, which are both in the vicinity of
T0
cs0. Thus, the authors in Ref. [52] interpreted the Tcs̄0 as a

threshold effect from the interaction of the D�K� and D�
sρ

channels. Moreover, one can find that the center value of
the mass of T0

cs0 is above the threshold ofD
þ
s ρ

− and several
MeV below the one ofD�0K�0. More importantly, the width
of ρmeson is about 150 MeV, and much larger than the one
ofK�, which indicates that ρmeson are much more difficult
to form a bound state than the K� meson. Thus, Tcs̄0 seems
to be a good candidate of molecular state composed of D�

and K�. In Ref. [53], the interactions between Dð�ÞKð�Þ
were investigated by using the one-boson exchange model
and the estimation indicate that the Tcs̄0 could be inter-
preted as a D�K� molecular state with IðJPÞ ¼ 1ð0þÞ.
Along this way, in the present work we further inspect the
possibility of the D�K� molecular interpretation by inves-
tigating the decay properties of Tcs̄0, and try to find its
dominant decay modes, which may be helpful for searching
Tcs̄0 in further experiments at the Belle and LHCb
Collaborations.
This work is organized as follows. The hadronic

molecular structures of Tcs̄0 is discussed in the following
section and the possible decay channel, including the two-
body and three-body decays are estimated in Sec. III. The
numerical results and the relevant discussions are presented
in Sec. IV, and the last section is dedicated to a short
summary.

II. HADRONIC MOLECULAR STRUCTURE

In the present work, we consider Tcs̄0 as a molecular
state composed of D�K� with IðJPÞ ¼ 1ð0þÞ, and here we
take the neutral one, T0

cs̄0, as an example. The effective
Lagrangian between T0

cs̄0 and its components is

L ¼ gTT0
cs̄0ðxÞ

Z
dyΦðy2ÞD�0μðxþ ωK�0yÞK�0

μ ðx − ωD�0yÞ;

ð3Þ

where ωK�0 ¼ mK�0=ðmK�0 þmD�0Þ, ωD�0 ¼ mD�0=ðmK�0þ
mD�0Þ. Φðy2Þ is the correlation function, which is intro-
duced to describe the inner distributions of the component.
The Fourier transformation of Φðy2Þ is

Φðy2Þ ¼
Z

d4p
ð2πÞ4 e

−ipyΦ̃ð−p2Þ: ð4Þ

The choices of the Φ̃ð−p2Þ should satisfy the conditions
that can describe the interior structure of the molecular state
and fall fast enough in the ultraviolet region. Here we
use the correlation function in the Gaussian form, which
is [54–59],

Φ̃ðp2
EÞ ¼ expð−p2

E=Λ2
TÞ; ð5Þ

where ΛT is a model parameter related to the distribution
of components in the molecular state, PE is the Jacobi
momentum used to describe the relative motion.
The coupling constant gT introduced in Eq. (3) could be

determined by the compositeness condition, which was first
proposed to study the deuteron as a bound state of proton
and neutron in Refs. [60,61] and then applied to investigate
the properties of exotic states in the molecular frame in
recent two decades [23,54–59]. In the present work, we
consider the T0

cs̄0 as a pure molecular state composed of
D�0K�0, which implies that the renormalization constant of
the hadron wave function is zero, i.e., [54,55],

Z ¼ 1 − Π0ðm2
TÞ≡ 0; ð6Þ

where Π0ðm2
TÞ is the derivative of the T0

cs̄0 mass operator
described by the diagram in Fig. 1 and mT is the mass of
T0
cs̄0. Based on the effective Lagrangian in Eq. (3), the

particular form of mass operator can be written as

Πðm2
TÞ ¼ g2T

Z
d4q
ð2πÞ4 Φ̃

2½−ðq − ωD�pÞ2;Λ2
T �

×
−gμν þ qμqν=m2

D�

q2 −m2
D�

×
−gμν þ ðpμ − qμÞðpν − qνÞ=m2

K�

ðp − qÞ2 −m2
K�

; ð7Þ

where p is the momentum of Tcs̄0 with p2 ¼ m2
T . With

Eqs. (6) and (7), one can estimate the coupling constant gT
depending on the model parameter ΛT.

III. STRONG DECAYS OF T0
cs̄0

In the present work, we further inspect the possibility of
Tcs̄ as a D�K� molecular state by investigating the decay
behavior of Tcs̄. As for T0

cs̄0, we find that the possible

FIG. 1. The mass operator of the T0
cs̄0.
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two-body decay channels include T0
cs̄0 → D0K0, Dþ

s π
−,

D�þ
s ρ−, Dð0Þþ

s1 π−, and three body decay channel T0
cs̄0 →

D�0ðKπÞ0. Taking T0
cs0 → Dþ

s ρ
− as an example of two-

body decay process, we present the typical quark level
diagrams of the decay mechanism in Fig. 2. From
the figure one can find the T0

cs0 decay into D�þ
s ρ− by

exchanging a sū [diagram (a)] or a cd̄ [diagram (b)] quark-
antiquark pair. Since the initial D�0K�0 and final D�

sρ are
color singlets, thus the exchange quark pair sū and cd̄ are
color singlets, too. Thus, one can approximate sū quark-
antiquark pair as a strange meson and cd̄ quark-antiquark
pair as a charmed meson, and then, we can estimated the
two-body decays of T0

cs̄0 in hadron level. It should be
clarified that all the possible exchange mesons should be
considered without loss of generality, however, the con-
tributions from the mesons with large masses, such as
charmed mesons and excited strange meson, are negligible
compared to those from low-lying strange mesons. Thus, in
the present calculations, only the contributions from light-
meson exchange diagrams are included, and the typical
diagrams related to these decay processes are collected in
Figs. 3 and 4.

A. Effective Lagrangians

In the present work, we estimate the decay process in the
hadron level and the interaction between hadrons are
described by effective Lagrangians. Considering the heavy
quark limit and chiral symmetry, the relevant phenomeno-
logical Lagrangians are [62–66]

LD�DP ¼ igD�DPðD�μ
∂μPD̄ −D∂μPD̄�μÞ;

LD�DV ¼ −2fD�DVϵμvαβð∂μVvÞijðD†
i ∂
↔

αD�βj −D�β†
i ∂

↔

αDjÞ;

LD�D�P ¼ 1

2
gD�D�PεμναβD

�μ
i ∂

vPij
∂

↔α
D�β†

j ;

LD�D�V ¼ igD�D�VD
�ν†
i ∂

↔

μD
�j
ν ðVμÞij

þ 4ifD�D�VD
�†
iμ ð∂μVν − ∂

νVμÞijD�j
ν þ H:c:;

LD1D�P ¼ gD1D�P ½3Dμ
1ð∂μ∂νPÞD�ν† −Dμ

1ð∂ν∂νPÞD�†
μ �

þ H:c:;

LD0
1
D�P ¼ igD0

1
D�PðD0μ

1 ∂

↔

νD
�†
μ Þ∂νP þ H:c:; ð8Þ

where Dð�Þ† ¼ ðD̄ð�Þ0; Dð�Þ−; Dð�Þ−
s Þ. The symbols V and P

are the matrixes form of vector nonet and pseudoscalar
nonet, respectively, their concrete form are

V ¼

0
BBB@

1ffiffi
2

p ðρ0 þ ωÞ ρþ K�þ

ρ− 1ffiffi
2

p ð−ρ0 þ ωÞ K�0

K�− K̄�0 ϕ

1
CCCA;

P ¼

0
BBB@

π0ffiffi
2

p þ αηþ βη0 πþ Kþ

π− − π0ffiffi
2

p þ þαηþ βη0 K0

K− K̄0 γηþ δη0

1
CCCA;

ð9Þ

where α, β, γ and δ are the parameters related to the mixing
angle, which are

α ¼ cos θ −
ffiffiffi
2

p
sin θffiffiffi

2
p ; β ¼ sin θ þ ffiffiffi

2
p

cos θffiffiffi
6

p ;

γ ¼ −2 cos θ −
ffiffiffi
2

p
sin θffiffiffi

6
p ; δ ¼ −2 sin θ þ ffiffiffi

2
p

cos θffiffiffi
6

p ;

ð10Þ

where the mixing angle θ is determined to be 19.1° [67,68].
Considering SU(3) symmetry, the effective Lagrangians

between light pseudoscalar mesons and vector mesons can
be [46,63,69,70]

LK�KP ¼ −igK�KPðK̄∂
μP − ∂

μK̄PÞK�
μ þ H:c:;

LK�K�P ¼ −gK�K�Pϵ
μναβ

∂αK̄�
βP∂μK

�
ν;

LK�KV ¼ −gK�KVϵ
ητρσ

∂ρK̄�
σ∂ηVτK þ H:c:;

LK�K�V ¼ −igK�K�V ½ð∂μK̄�
νVν − K̄�

ν∂
μVνÞK�

μ

þ K̄�
μð∂μVνK�

ν − Vν
∂
μK�

νÞ
×þðK̄�

νVμ
∂μK�ν − ∂μK̄�

νVμK�νÞ�; ð11Þ

where P refers to the triplet of π, η and η0 from pseudoscalar
nonet, and the vector meson V stands for ρ triplet and ω
from vector nonet. The doubletKð�Þ isKð�Þ¼ðKð�Þ−;K̄ð�Þ0Þ.
The relevant coupling constants in Eqs. (9) and (11) will be
discussed in the following section.

B. Two-body decay process

According to the effective Lagrangians listed above, we
can obtain the amplitude for T0

cs̄0 → D0K0, Dþ
s π

−, D�þ
s ρ−,

Dð0Þþ
s1 π− corresponding to diagrams in Fig 3, which are

(b)(a)

FIG. 2. Typical diagrams of the decay T0
cs0 → Dþ

s ρ
− in the

quark level.
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iMa ¼ i3
Z

d4q
ð2πÞ4 ½gTΦ̃ð−p2

12;Λ2
TÞgϕτ�

× ½igD�DPðiqμÞgμδ�½−igK�KPðipν
4 þ iqνÞgνa�

×
−gϕδ þ pϕ

1p
δ
1=m

2
1

p2
1 −m2

1

−gτa þ pτ
2p

a
2=m

2
2

p2
2 −m2

2

1

q2 −m2
q

× F 2ðmq;ΛÞ;

iMb ¼ i3
Z

d4q
ð2πÞ4 ½gTΦ̃ð−p2

12;Λ2
TÞgϕτ�

× ½−2fD�DVϵμναβðiqμÞgνλð−ipα
1 − ipα

3Þgβδ�
× ½−gK�K�Pϵωθρσð−ipω

2 Þð−iqρÞgθξgσa�

×
−gϕδ þ pϕ

1p
δ
1=m

2
1

p2
1 −m2

1

−gτa þ pτ
2p

a
2=m

2
2

p2
2 −m2

2

×
−gλξ þ qλqξ=m2

q

q2 −m2
q

F 2ðmq;ΛÞ;

iMc ¼ i3
Z

d4q
ð2πÞ4 ½gTΦ̃ð−p2

12;Λ2
TÞgϕτ�

× ½−igD�DPðiqμÞgμδ�½−igK�KPð−iqν − ipν
4Þgνa�

×
−gϕδ þ pϕ

1p
δ
1=m

2
1

p2
1 −m2

1

−gτa þ pτ
2p

a
2=m

2
2

p2
2 −m2

2

1

q2 −m2
q

× F 2ðmq;ΛÞ;

iMd ¼ i3
Z

d4q
ð2πÞ4 ½gTΦ̃ð−p2

12;Λ2
TÞgϕτ�

× ½2fD�DVϵμναβðiqμÞgνλðipα
3 þ ipα

1Þgβδ�
× ½gK�KVϵωθρσð−iqÞωð−ip2Þρgθξgσa�

×
−gϕδ þ pϕ

1p
δ
1=m

2
1

p2
1 −m2

1

−gτa þ pτ
2p

a
2=m

2
2

p2
2 −m2

2

×
−gλξ þ qλqξ=m2

q

q2 −m2
q

F 2ðmq;ΛÞ;

iMe ¼ i3
Z

d4q
ð2πÞ4 ½gTΦ̃ð−p2

12;Λ2
TÞgϕτ�

×
�
−
1

2
gD�D�PϵμναβgμδðiqÞνðipα

3 þ ipα
1Þgβθεbðp3Þ

�

× ½−gK�KVϵηmnσð−ip2Þngσaðip4Þηgmρεcðp4Þ�

×
−gϕδ þ pϕ

1p
δ
1=m

2
1

p2
1 −m2

1

−gτa þ pτ
2p

a
2=m

2
2

p2
2 −m2

2

1

q2 −m2
q

× F 2ðmq;ΛÞ;

iMf ¼ i3
Z

d4q
ð2πÞ4 ½gTΦ̃ð−p2

12;Λ2
TÞgϕτ�

× ½igD�D�Vð−ipμ
1 − ipμ

3Þgμλgνδgνθ
þ 4ifD�D�Vgμθðiqμgνλ − iqνgμλÞgνδϵbðp3Þ�
× ½−igK�K�Vððð−ip2Þμgνagνρ − ðip4ÞμgνagνρÞgμξ
þ gμaððipμ

4Þgνρgνξ − gνρð−iqÞμgνξÞ
þ gνagμρð−iqÞμgνξ − ð−ip2ÞμgνagμρgνξÞϵcðp4Þ�

×
−gϕδ þ pϕ

1p
δ
1=m

2
1

p2
1 −m2

1

−gτa þ pτ
2p

a
2=m

2
2

p2
2 −m2

2

×
−gλξ þ qλqξ=m2

q

q2 −m2
q

F 2ðmq;ΛÞ;

iMg ¼ i3
Z

d4q
ð2πÞ4 ½gTΦ̃ð−p2

12;Λ2
TÞgϕτ�

× ½−igK�KPiðpμ
3 − qμÞgμδ�½gD1D�Pð3gωρð−iqÞω

× ð−iqνÞgνa − gωρð−iqÞνð−iqÞνgωaÞεtðp4Þ�

×
−gϕδ þ pϕ

1p
δ
1=m

2
1

p2
1 −m2

1

−gτa þ pτ
2p

a
2=m

2
2

p2
2 −m2

2

×
1

q2 −m2
q
F 2ðmq;ΛÞ;

(a) (b)

(c) (d)

(e) (f)

(g) (h)

FIG. 3. The hadron level typical diagrams contributing to
T0
cs̄0 → Dþ

s π
− [diagrams (a) and (b)], T0

cs̄0 → D0K0 [diagrams

(c) and (d)], T0
cs̄0 → D�þ

s ρ− [diagrams (e) and (f)], T0
cs̄0 →

Dð0Þþ
s1 π− [diagrams (g) and (h)], the Ds1 and D0

s1 refer to
Ds1ð2460Þ and Ds1ð2536Þ, respectively.
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iMh ¼ i3
Z

d4q
ð2πÞ4 ½gTΦ̃ð−p2

12;Λ2
TÞgϕτ�

× ½−igK�KPiðpμ
3 − qμÞgμδ�

× ½gD0
1
D�Pð−ipν

2 − ipν
4Þgωagωρð−iqÞνεtðp4Þ�

×
−gϕδ þ pϕ

1p
δ
1=m

2
1

p2
1 −m2

1

−gτa þ pτ
2p

a
2=m

2
2

p2
2 −m2

2

×
1

q2 −m2
q

1

q2 −m2
q
F 2ðmq;ΛÞ: ð12Þ

In the above amplitudes, we introduce a form factor in
monopole form to represent the inner structure and off-shell
effect of the exchanging mesons, which is

F ðmq;ΛÞ ¼
m2

q − Λ2

q2 − Λ2
; ð13Þ

where Λ is of order of 1 GeV.
The total amplitudes of T0

cs̄0 → Dþ
s π

−, D0K0, D�þ
s ρ−,

Dþ
s1π

−, and D0þ
s1π

− are

MT0
cs̄0→Dþ

s π
− ¼ Ma þMb;

MT0
cs̄0→D0π0 ¼ Mπ0

c þMη
c þMη0

c þMρ0

d þMω
d ;

MT0
cs̄0→D�þ

s ρ− ¼ Me þMf;

MT0
cs̄0→Dþ

s1π
− ¼ Mg;

MT0
cs̄0→D0þ

s1π
− ¼ Mh; ð14Þ

respectively.
With the total amplitudes defined in Eq. (14), one can

estimate the partial width of the above decay processes by

ΓT0
cs̄0→… ¼ 1

8π

jp⃗j
m2

T0
cs̄0

jMT0
cs0

→…j2; ð15Þ

where jp⃗j is the momentum of the final state in the initial
state rest frame.

C. Three-body decay process

In addition to the two-body decays, we also considered
the contribution of the possible three-body decay process.
The dominant three-body decay should be T0

cs̄0 →
D�0K�0 → D�0Kπ, which is shown in Fig. 4. The corre-
sponding amplitude of the three-body decay is

M ¼ ½gϕτϵϕðpÞΦ̃ð−p2
12;Λ2

TÞ�½igK�KPgμλiðpμ
3 − pμ

2Þ�

×
−gτλ þ qλqτ=m2

K�

p2
2 −m2

K� þ imK�ΓK�
; ð16Þ

and then the partial width is

dΓ ¼ 1

ð2πÞ3
1

32M3
jMj2dm2

12dm
2
23: ð17Þ

IV. NUMERICAL RESULTS AND DISCUSSIONS

Before we estimate the widths of the considered chan-
nels, the relevant coupling constants should be clarified.
Considering the heavy quark limit and chiral symmetry, the
coupling constants between the light mesons and charmed
meson pairs are [71–75]

gD�DP ¼ 2g
fπ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mDm�

D

p ¼ gD�D�P
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mDmD�

p
;

fD�DV ¼ λgVffiffiffi
2

p ¼ fD�D�V

mD�
;

gD�D�V ¼ β0gVffiffiffi
2

p ;

gD1D�P ¼ −2
ffiffiffi
2

3

r
h0

Λχfπ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mD1

mD�
p

;

gD0
1
D�P ¼ −

h
fπ

; ð18Þ

where g ¼ 0.59 [73] is determined by the measured width of
ΓðD� → DπÞ. The values of the other parameters are gV ¼
mρ=fπ , fπ ¼ 132 MeV, Λχ ¼ 1 GeV, β0 ¼ 0.9 and λ ¼
0.56 GeV−1 [62]. The gauge couplings h and h0 are estimated
to be h ¼ 0.56� 0.04 and h0 ¼ 0.43� 0.01 [76,77].
The coupling constants relevant to the light mesons are

[46,69]

gK�KP ¼ gK�K�V ¼ 1

4
g;

gK�KV ¼ gK�K�P ¼ 1

4

g2Nc

16π2fπ
; ð19Þ

where the parameter g ¼ 0.78 are determined via measured
width of the process K� → Kπ. Nc ¼ 3 is the color degree
of freedom.
Moreover, the coupling constant of T0

cs̄0 to its compo-
nents, gT , can be estimated by the compositeness condition
as given in Eq. (6). The phenomenological parameter ΛT
should be of the order of 1 GeV. In the present work, we

FIG. 4. The three body decay of the T0
cs̄0.
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varies ΛT in a sizable range from 0.5 GeV to 2.0 GeV. The
numerical results of the gT depending on the parameter ΛT
is presented in Fig. 5. In the considered parameter range,
we can find the coupling constant gT decreases from
7.05 GeV to 5.20 GeV.
With the above preparations, we can estimate the partial

widths of T0
cs̄0 → D0K0, Dþ

s π
−, D�þ

s ρ−, Dð0Þþ
s1 π−, and

D�0ðKπÞ0 depending on the model parameters ΛT and
Λ, which were introduced by the correlation function of
molecular state and the form factor in the amplitudes. These
two parameters are all of order of 1 GeV. In the present
estimations, we varies ΛT from 0.5 GeV to 2 GeVand take
several typical values of Λ, which is 1.6, 1.8, and 2.0 GeV,
respectively. In Fig. 6, we present our estimations of

the widths of the considered processes. With the
assumption that T0

cs̄0 dominantly decay into these final
states, we can compare the sum of partial widths of the
considered channels with the measured width, which is
ð119� 26� 12Þ MeV. From Fig. 6, we can find in the
considered parameters space, our estimations of the total
width can overlap with the experimental measurement from
the LHCb Collaboration, in particular, the determined ΛT
range are 1.03–1.56 GeV, 0.83–1.19 GeV, and 0.71–
1.01 GeV for Λ ¼ 1.6, 1.8, and 2.0 GeV, respectively. In
these parameter ranges the partial widths of the considered
channels are presented in Table I. From the table, one can
find the branching ratio of the observed channel Dþ

s π
− is

ð0.65 ∼ 5.38Þ%, which should be sizable to be observed
experimentally. It should be emphasize again that the above
results are obtained with the assumption that T0

cs̄0 is a pure
D�0K�0 molecular state. As we have mention at the
beginning of this work, the thresholds of both D�þ

s ρ−

and D�0K�0 are in the vicinity of T0
cs̄0, thus the mixing

between D�0K�0 and D�þ
s ρ− may be non-negligible, which

could further influence on the decay properties of T0
cs̄0.

Moreover, our estimations indicate that T0
cs̄0 dominantly

decays into D0K0. Considering the isospin symmetry,
DþKþ should be the dominant decay channel of Tþþ

cs̄0 .
In Refs. [33,34], the LHCb Collaboration have measured
the decay process Bþ → DþD−Kþ, where two new struc-
ture X0ð2900Þ and X1ð2900Þ were observed in the D−Kþ
invariant mass distributions. Moreover, the LHCb
Collaboration also reported their measurements of the
DþKþ invariant mass distributions as shown in Fig. 7.
From the figure one can find the fitted curve can not
describe the experimental data well around 2.9 GeV, which
indicates that there should exist an addition resonance.
Since Tþþ

cs̄0 dominantly decays intoDþKþ and its mass also
well conform the one of the additional resonance, we
believe that this structure may comes form the contribution
of Tþþ

cs̄0 , which could be tested by further experimental
analysis by LHCb Collaboration.

V. SUMMARY

Very recently, two new resonances T0=þþ
cs̄0 were reported

in Dsπ invariant mass spectrum of the processes

FIG. 5. The coupling constant gT depending on model param-
eter ΛT.

FIG. 6. The partial widths of T0
cs̄0 → D0K0, Dþ

s π
−, D�þ

s ρ−,

Dð0Þþ
s1 π−, and D�0ðKπÞ0 depending on the model parameter ΛT

and Λ. The total width are the sum of the partial widths of the
considered channels. The gray band are the width of T0

cs̄0 reported
by LHCb Collaboration [47,48].

TABLE I. The predicted partial widths of the considered
channels.

Channel Width (MeV)

T0
cs̄0 → D0K0 52.6–101.7

T0
cs̄0 → Dþ

s π
− 0.55–8.35

T0
cs̄0 → D�þ

s ρ− 2.96–5.3
T0
cs̄0 → Dþ

s1π
− 6.63–10.29

T0
cs̄0 → D0þ

s1π
− 6.63–10.3

T0
cs̄0 → D�0ðKπÞ0 16.11–18.96
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B0 → D̄0Dþ
s π

− and Bþ → D−Dþ
s π

þ, by the LHCb
Collaboration. These two states are two of the isospin
triplet, and the most possible IðJPÞ quantum numbers
are 1ð0þÞ. The observed mass of Tcs̄0 is very close to the

threshold ofD�K�, which indicate that Tcs̄0 could be a good
candidate of hadronic molecular state composed of D�K�.
In the present work, we investigate the decay behavior of

T0
cs̄0 in the D�K� molecular scenario by using an effective

Lagrangian approach. Six possible dominant-decay chan-
nels have been considered, which are T0

cs̄0 → D0K0,Dþ
s π

−,

D�þ
s ρ−, Dð0Þþ

s1 π−, and D�0ðKπÞ0. Our estimations indicate
that the branching ratio of T0

cs̄0 → Dþ
s π

− can reach up to
5.38%, which should be sizable enough to be observed.
Moreover, our estimations indicate that T0

cs̄0 dominantly
decays into D0K0. Considering the isospin symmetry, one
can expect thatDþKþ is the dominant decay mode of Tþþ

cs̄0 .
By checking the DþKþ invariant-mass distributions of
the process Bþ → DþD−Kþ, we find the fitted curve can
not describe the experimental data well around 2.9 GeV,
which may indicate the signal of Tþþ

cs̄0 in the process
Bþ → DþD−Kþ.
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