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Inspired by recent observations of Tcs̄0(2900)0 in the D+s π
− invariant mass distribution of B0 → D̄0D+s π

−

decay and Tcs̄0(2900)++ in the D+s π
+ invariant mass distribution of B+ → D−D+s π

+ decay, we investigate the

Tcs̄0(2900)++ contribution to the B+ → K+D+D− decay in a molecular scenario, where we consider Tcs̄0(2900)++

as a D∗+K∗+ molecular state. Our estimations indicate that the fit fraction of Tcs̄0(2900)++ in the B+ → K+D+D−

is about 12.5%, and its signal is visible in the D+K+ invariant mass distribution. With the involvement of

Tcs̄0(2900)++, the fit fractions of χc0(3915) and χc2(3930) may be much different with the ones obtained by the

present amplitude analysis [Phys. Rev. D 102, 112003 (2020)], which may shed light on the long standing

puzzle of χc0(3915) as the conventional charmonium.

I. INTRODUCTION

The B meson decay process is the most productive and

important platform of searching for the QCD exotic states.

Two typical types of exotic candidates could be observed in

this process. One is the charmonium-like state observed in

the invariant mass distributions of a charmonium plus one or

more light meson, such as the first observed charmonium-like

state, X(3872), which was first observed in the π+π−J/ψ in-

variant mass distribution of the process B± → K±π+π−J/ψ
by the Belle Collaboration in the year of 2003 [1], and then

confirmed by the BaBar [2–11], CDF [12–15], D0 [16],

CMS [17–22], and LHCb [23–36] in the B decay process,

as well as the BESIII [37–40] Collaboration in the electron-

positron annihilation process. Besides the charmonium-like

states, another type of exotic candidates observed in the B de-

cay processes is the open-charm states with strangeness ob-

served in the invariant mass spectra of a charmed meson and a

(anti-)kaon meson or Dsπ, such as D∗
s0

(2317) and Ds1(2460),

which were first observed by BaBar [41] and CLEO [42] Col-

laborations, respectively.

In the year of 2020, the LHCb Collaboration performed the

amplitude analysis of the process B+ → D−D+K+ [43, 44],

and two new structures with spin-0 (named X0(2900)) and

spin-1 (named X1(2900)), were reported in the D−K+ invari-

ant mass distribution. The masses and widths of these two

states are measured to be [43, 44]

mX0(2900) = (2866 ± 7 ± 2) MeV ,

ΓX0(2900) = (57 ± 12 ± 4) MeV ,

mX1(2900) = (2904 ± 5 ± 1) MeV ,

ΓX1(2900) = (110 ± 11 ± 4) MeV , (1)

respectively.

It is interesting to notice that both X0(2900) and X1(2900)

are fully open-flavor states and their minimal quark compo-

nents are c̄s̄ud , which indicates that X0(2900) and X1(2900)
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could be good candidates of tetraquark states [45–52]. In

addition, the observed masses of X0(2900) and X1(2900) are

close to the threshold of D∗K̄∗, then the D∗K̄∗ molecular in-

terpretations have been proposed [53–62].

Recently, the LHCb Collaboration reported two new

tetraquark states Tcs̄0(2900)0 and Tcs̄0(2900)++ in the D+s π
−

and D+s π
+ mass distributions of the B0 → D̄0D+s π

− and B+ →
D−D+s π

+, respectively [63, 64]. The masses and widths of the

Tcs̄0(2900)0 and Tcs̄0(2900)++ are measured to be [63, 64]

mTcs̄0(2900)0 = (2892 ± 14 ± 15) MeV ,

ΓTcs̄0(2900)0 = (119 ± 26 ± 12) MeV ,

mTcs̄0(2900)++ = (2921 ± 17 ± 19) MeV ,

ΓTcs̄0(2900)++ = (137 ± 32 ± 14) MeV . (2)

The resonance parameters of these two states are consistent

with each other, which indicates that they are two of isospin

triplet. When taking the isospin relationship into considera-

tion, the mass and width of Tcs̄0(2900) are fitted to be [63, 64],

mTcs̄0(2900) = (2908 ± 11 ± 20) MeV ,

ΓTcs̄0(2900) = (136 ± 23 ± 11) MeV . (3)

In addition, the amplitude analysis indicates the quantum

numbers of Tcs̄0 are JP = 0+.

From the observed processes, one can find the minimal

quark components of Tcs̄0(2900)0 and Tcs̄0(2900)++ are cs̄ūd

and cs̄d̄u, respectively, which indicates that both Tcs̄0(2900)0

and Tcs̄0(2900)++ are also fully open flavor tetraquark states,

and in addition, Tcs̄0(2900)++ is the first observed doubly

charged tetraquark state. These particular properties have

stimulated theorists’ great interests. In the framework of

the QCD sum rules, the authors in Ref. [65–69] assigned

Tcs̄0(2900) as the scalar cs̄qq̄ tetraquark state. In addition,

the observed mass of Tcs̄0(2900) is close to the threshold of

D∗K∗. Together with D∗
s0

(2317) close to the DK threshold

and Ds1(2460) close to the D∗K threshold, the observation of

Tcs̄0(2900) enrich the exotic candidate near the threshold of

a charmed meson and a strange meson. Similar to the case

of D∗
s0

(2317) and Ds1(2460), Tcs̄0(2900) has also been pro-

posed to be D∗K∗ molecular state with isospin I = 1. By

means of the QCD two-point sum rule method, the mass and
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decay width could be reproduced in the D∗K∗ molecular sce-

nario [70]. In the one-boson-exchange model, the authors in

Ref. [71] found that the masses of D∗
s0

(2317), Ds1(2460) and

Tcs̄0(2900) could be reproduced. In an effective Lagrangian

approach, the decay properties of Tcs̄0(2900) were also inves-

tigated in Ref. [72]. Besides the resonance interpretations, the

Tcs̄0(2900) was interpreted as the threshold effect from the in-

teraction of the D∗K∗ and D∗sρ channels [73] or the triangle

singularity [74].

On the experimental side, searching for more decay modes

of Tcs̄0(2900) can help us to reveal its internal structure. In the

B+ → D−D+K+ process where the tetraquark states X0(2900)

and X1(2900) were observed, the LHCb Collaboration also

present the D+K+ invariant mass distribution [43, 44]. From

the measured data, one find that the D+K+ invariant mass dis-

tribution can not be well described in the vicinity of 2.9 GeV1,

which indicates that there could be some contributions from

additional resonances. To further analyse the resonance con-

tributions to B+ → D−D+K+ process, we find,

• Besides the resonance parameters of Tcs̄0(2900), the

LHCb Collaboration also reported the fit fraction of

Tcs̄0(2900)++ component in the B+ → D−D+s π
+, which

is (1.96 ± 0.87 ± 0.88)% [63, 64]. In other words,

the cascaded decay process, B+ → D−Tcs̄0(2900)++ →
D−D+s π

+ are sizable.

• In the D∗K∗ molecular scenario, the decay properties of

the Tcs̄0(2900)0 were investigated in Ref. [72]. Our es-

timations indicate that the Tcs̄0(2900)0 dominantly de-

cays into D0K0, and accordingly Tcs̄0(2900)++ should

dominantly decay into D+K+ on account of the isospin

symmetry.

Based on the above experimental measurements and theoret-

ical estimations, one can anticipate that the tetraquark state

Tcs̄0(2900)++ should have non-negligible contribution to the

process B+ → D−(K+D+).

In addition, the involvement of Tcs̄0(2900)++ in the process

B+ → K+D+D− may also shed light on another long stand-

ing puzzle for χc0(3930) as conventional charmonium [75–

78]. The measurements from the BaBar Collaboration indi-

cated that the branching fraction of B+ → K+χc0(3930) →
K+J/ψω is (3.0+0.7+0.5

−0.6−0.3
) × 10−5 [79], while the branching frac-

tion of B+ → K+χc0(3930) → K+D+D− is reported to be

(8.1±3.3)×10−6 [44]. Thus, one can conclude that the branch-

ing fraction for χc0(3930)→ J/ψω is several times larger than

the one of χc0(3930)→ D+D−, which is inconsistent with the

expectations of the conventional charmonium assignment of

χc0(3930).

If carefully checking the D+K+ invariant mass distribution

of B+ → K+D+D− in Ref. [44], one can find that the charmo-

nium χc2(3930) has significant contribution to the structure

near 2.9 GeV in the D+K+ invariant mass distribution. While

both the χc0(3930) and χc2(3930) are responsible for the peak

1 More detail can be found in Fig.10-(c) of Ref. [44]

in the vicinity of 3.93 GeV in the D+D− mass spectrum of

B+ → K+D+D−, then, the involvement of Tcs̄0(2900)++ in the

B+ → K+D+D− may lead to a rather different fit fractions

of χc0(3930) and χc2(3930) with the present one. Thus, in

the present work, we investigate the possible contribution of

Tcs̄0(2900)++ in the process B+ → D−D+K+ in the framework

of the molecular scenario, where Tcs̄0(2900)++ is considered

as a D∗+K∗+ molecular state.

This paper is organized as follows. After the introduction,

we will show the formalism used in Sec. II. Our calculated

results and related discussions will be presented in Sec. III,

and Sec. IV will devote to a short summary.

b̄

u u

s̄

c̄ cd d̄

B
+

K
∗+

D
−

D
∗+

W
+

FIG. 1: Diagrammatic decay at the quark level for the B+ →
D−D∗+K∗+ reaction.

II. FORMALISM

In the molecular scenario, the Tcs̄0(2900)++ is considered as

a molecular composed of D∗+K∗+, which is,

∣

∣

∣Tcs̄0(2900)++〉 =
∣

∣

∣D∗+K∗+〉 . (4)

Thus, the primary reaction that could produce Tcs̄0(2900)++ is

B+ → D−D∗+K∗+. As shown in Fig. 1, this reaction proceeds

via the W+ internal emission, where the b̄ quark transits into

c̄ quark by emitting a W+ boson, while the W+ boson couples

to the cs̄ quarks pair. The s̄ quark and the u quark from the

initial B+ meson form a K∗+ meson, while the rest cc̄ and dd̄

created from vacuum hadronize into D− and D∗+ mesons. In

the hadron level, one can construct the S wave component of

the transition amplitude by matching the angular momentum

of B+ meson [80, 81], which is,

−it1 = −iC1ǫ(D∗+) · ǫ(K∗+), (5)

where the ǫ(D∗+) and ǫ(K∗+) are the polarization vectors of

the D∗+ and K∗+, respectively. C1 is an unknown coupling

constant, which will be discussed later. Then the D∗+ and K∗+

couple to the molecular Tcs̄0(2900)++ with I(JP) = 1(0+) as

presented in Fig. 2-(a). As indicated in Ref. [82], the spin of

the D∗+K∗+ system could be projected into different angular
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D
−

D
∗+

K
∗+

Tcs̄0(2900)
++

(a)

B
+

D
−

D
+

K
+

D
∗+

K
∗+

Tcs̄0(2900)
++

(b)

FIG. 2: A sketch diagram of the rescatting of D∗+K∗+ to give the resonance Tcs̄0(2900)++ (diagram (a)), and further decay of Tcs̄0(2900)++ to

D+K+ (diagram (b)).

momentum, for example, the vertex for RJ → D∗+K∗+ with

J = 0, 1, 2 could be constructed as,

V(0) =
1

3
ǫl(D

∗+)ǫl(K
∗+)δi j,

V(1) =
1

2

[

ǫi(D
∗+)ǫ j(K

∗+) − ǫ j(D
∗+)ǫi(K

∗+)
]

,

V(2) =
1

2

[

ǫi(D
∗+)ǫ j(K

∗+) + ǫ j(D
∗+)ǫi(K

∗+)
]

−1

3
ǫl(D

∗+)ǫl(K
∗+)δi j. (6)

The experimental analysis indicated that the angular momen-

tum of Tcs̄0(2900) is 0. Thus, one can obtain the transition

amplitude of B+ → D−Tcs̄0(2900)++ corresponding to Fig. 2-

(a), which is,

−it2a = −iC1ǫα(D∗+)ǫβ(K
∗+)δαβGD∗K∗ (Minv(D+K+))

×1

3
ǫ∗l (D∗+)ǫ∗l (K∗+)δi jgT++

cs̄0
D∗K∗

= −iC1δi jGD∗K∗ (Minv(D+K+))gT++
cs̄0

D∗K∗ , (7)

where
∑

pol

ǫi(R)ǫ∗
j
(R) = δi j, R = D∗+ or K∗+, and the sum over

the same indices of the Kronecker delta function is equal to

3, i.e.,
∑

i j

|δi j|2 = 3. GD∗K∗ (MTcs̄0
) is the loop function of the

two-meson D∗ and K∗, which will be discussed later.

Similarly, one can obtain the transition amplitude of B+ →
D−Tcs̄0(2900)++ → D−D+K+ corresponding to Fig. 2-(b),

which is,

−it2b = −iC1δi jGD∗K∗
(

Minv(D+K+)
)

×
gT++

cs̄0
D∗K∗gT++

cs̄0
DK

M2
inv

(D+K+) − m2
T++

cs̄0

+ imT++
cs̄0
ΓT++

cs̄0

, (8)

and then the square of the transition amplitude is,

∑

|t2b|2 = 3C2
1

∣

∣

∣

∣
GD∗K∗

(

Minv(D+K+)
)

∣

∣

∣

∣

2

×

∣

∣

∣

∣

gT++
cs̄0
,D∗K∗

∣

∣

∣

∣

2∣
∣

∣

∣

gT++
cs̄0
,DK

∣

∣

∣

∣

2

[

M2
inv

(D+K+) − m2
T++

cs̄0

]2

+ m2
T++

cs̄0

Γ2
T++

cs̄0

, (9)

with M2
inv

(D+K+) = (PD+ + PK+ )
2, and two-meson loop func-

tion is given by,

G = i

∫

d4q

(2π)4

1

q2 − m2
1
+ iǫ

1

(q − P)2 − m2
2
+ iǫ

, (10)

with m1 and m2 the masses of the two mesons involved in the

loop. q is the four-momentum of the meson in the centre of

mass frame, and P is the total four-momentum of the meson-

meson system. In the present work, we use the dimensional

regularization method as indicated in Refs. [83–85], and in

this scheme, the two-meson loop function G can be expressed

as,

G =
1

16π2













α + log
m2

1

µ2
+

m2
2
− m2

1
+ s

2s
log

m2
2

m2
1

+
|~q |
√

s













log
s − m2

2
+ m2

1
+ 2|~q |

√
s

−s + m2
2
− m2

1
+ 2|~q |

√
s

+ log
s + m2

2
− m2

1
+ 2|~q |

√
s

−s − m2
2
+ m2

1
+ 2|~q |

√
s

























, (11)

where s = P2 = M2
inv

(D+K+), and ~q is the three-momentum

of the meson in the centre of mass frame, which reads,

|~q | =
√

[

s − (m1 + m2)2
] [

s − (m1 − m2)2
]

2
√

s
, (12)

here we take µ = 1500 MeV and α = −1.474, which are the

same as those in the study of the D∗K̄∗ interaction [80, 81].

Besides the two-meson loop function, two coupling con-

stants gT++
cs̄0
,D∗K∗ and gT++

cs̄0
,DK are unknown. As for gT++

cs̄0
,D∗K∗ , it

refers to the coupling between Tcs̄0(2900)++ and its compo-

nents D∗+K∗+, which could be related to the binding energy

by [86–88],

g2
T++

cs̄0
,D∗K∗ = 16π(mD∗ + mK∗ )

2λ̃2

√

2∆E

µ
, (13)

where λ̃ = 1 gives the probability to find the molecular com-

ponent in the physical states, ∆E = mD∗ +mK∗ −mT++
cs̄0

denotes
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the binding energy, and µ = mD∗mK∗/(mD∗ + mK∗ ) is the re-

duced mass.

As for gT++
cs̄0
,DK , we tried to obtain its value by the

corresponding partial width of Tcs̄0(2900)++ → D+K+,

with an effective Lagrangian approach, the partial width of

Tcs̄0(2900)++ → D+K+ could be obtained as,

ΓT++
cs̄0
=

1

8π

1

m2
T++

cs̄0

|gT++
cs̄0
,DK |2|~qK+ |, (14)

with

|~qK+ | =
λ1/2(m2

T++
cs̄0

,m2
D+
,m2

K+
)

2mT++
cs̄0

, (15)

to be the momentum of K+ in the Tcs̄0(2900)++ rest frame, and

λ(x, y, z) = x2+y2+ z2−2xy−2yz−2xz is the Källen function.

In Ref. [72], our estimations indicated that the Tcs̄0(2900)++

dominantly decay into DK, and the partial width of DK chan-

nel was estimated to be (52.6 ∼ 101.7) MeV in the consid-

ered parameter range. In the present work, we take the partial

width of Tcs̄0(2900)++ → D+K+ to be 80 MeV to estimate the

coupling constant gT++
cs̄0

DK .

With the above preparation, one can obtain the D+K+ in-

variant mass distribution, which is,

dΓ

dMinv(D+K+)
=

1

(2π)3

1

4m2
B+

pD− p̃K+

∑

|t2b|2, (16)

with

pD− =
λ1/2
(

m2
B+
,m2

D− , M2
inv

(D+K+)
)

2mB+
,

p̃K+ =
λ1/2
(

M2
inv

(D+K+),m2
D+
,m2

K+

)

2Minv(D+K+)
. (17)

In addition, we would like to compare the above mass

distribution with the one of the background for the reaction

B+ → D−D+K+. By analogy to Eq. (5), we can obtain the

transition matrix for B+ → D−D+K+, which is

−it3 = −iC3. (18)

where C3 is the coupling constant, which will be discussed in

the following section. With the above transition matrix, we

can give the background distribution for the B+ → D−D+K+

reaction, which is

dΓbac

dMinv(D+K+)
= C2

3

1

(2π)3

1

4m2
B+

pD− p̃K+ . (19)

III. NUMERICAL RESULTS AND DISCUSSIONS

To calculate the D∗+K∗+ invariant mass distribution of

B+ → K+D+D− as presented in Eq. (16), the coupling con-

stant C1 is needed. However, the experimental measurement

of B+ → K∗+D∗+D− is not available to date. Similar to

♠❉✰❑✰ ✭●❡❱✮

❈
❛
♥
❞
✐❞
❛
t
�
s

FIG. 3: The D+K+ invariant mass distribution for the B+ → D−D+K+

reaction.

B+ → K+D+D−, the process B+ → K∗+D∗+D− should also oc-

cur via W+ internal emission process. One can obtain the dia-

grammatic decay at the quark level for the B+ → K+D+D− by

replacing K∗+ and D∗+ in Fig. 1 with K+ and D+, which indi-

cates some similarities between the processes B+ → K+D+D−

and B+ → K∗+D∗+D−. However, there are also some differ-

ences between these two processes. As indicated in the am-

plitude analysis of B+ → K+D+D− in Ref. [44], the typical

resonance contributions to this process are B+ → K+(cc̄) →
K+D+D−, where the charmonia include ψ(3770), χc0(3930),

χc2(3930), ψ(4040), ψ(4160), and ψ(4415). These charmo-

nia contributions should be suppressed due to phase space. In

addition to the charmonia contributions, the LHCb Collabora-

tion also observed the signals of X0(2900) and X1(2900) in the

D−K+ invariant mass spectra, these contributions also vanish

in the B+ → K∗+D∗+D− process.

Besides the resonance contributions, the amplitude analysis

also indicates sizable nonresonant contribution, which should

be the same for both B+ → K+D+D− and B+ → K∗+D∗+D−,

thus, in the present work, we first estimate the background

distribution of B+ → K+D+D− with the branching fraction

of the nonresonant contribution from LHCb analyze, which is

(5.3 ± 1.8) × 10−5 [89]. From Eq. (19), the coupling constant

C3 could be determined. Considering the similarity between

B+ → K+D+D− and B+ → K∗+D∗+D−, we take C1 = C3

to roughly estimate the D+K+ invariant mass distribution re-

sulted from Tcs̄0(2900)++.

With the above formalism, we have calculated the D+K+

invariant mass distribution by assuming the values of C1 and

C3 are the same, as presented in Fig. 3. To further com-

pare with the experimental measurements, we normalized the

background contribution estimated by Eq. (19) to the LHCb

experimental nonresonant contribution in Fig. 3, where the

magenta-dash-dotted and blue-dotted curves are the nonres-

onant contribution determined by the LHCb amplitude analy-

sis and our estimated background, respectively. The red-solid

curve is the resonant contribution form Tcs̄0(2900)++, which is

obtained with the resonance parameters of mT++
cs̄0
= 2885 MeV

and ΓT++
cs̄0
= 136 MeV. While the blue band corresponds to the

uncertainties of the Tcs̄0(2900)++ width. From Fig. 3, one can



5

find that the D+K+ invariant mass distribution around 2.9 GeV

can not be well described by LHCb fit [44], which indicates

that there should be an additional resonance. Our results

show that the Tcs̄0(2900)++ plays an important role in this re-

gion, thus we suggest that contribution from the Tcs̄0(2900)++

should be considered in the future amplitudes analysis.

Furthermore, we can integrate the invariant mass

Minv(D+K+) over the whole invariant mass range for the

signal and background, and their ratio is given by,

∫

dΓ
dMinv(D+K+)
∫

dΓbac

dMinv(D+K+)

≃ 0.52. (20)

With the nonresonant fit fraction obtained by the ampli-

tude analyze, we can roughly estimate the fit fraction of

Tcs̄0(2900)++ to be about 12.5%, which is greater than the

ones of χc0(3930) and χc2(3930). Thus, the involvement

of Tcs̄0(2900)++ will certainly influence the fit fractions of

χc0(3930) and χc2(3930).

IV. SUMMARY

Recently, the LHCb Collaboration reported their amplitude

analysis of the decays B0 → D̄0D+s π
− and B+ → D−D+s π

+,

where two tetraquark states Tcs̄0(2900)0 and Tcs̄0(2900)++

were reported in the Dsπ invariant mass distributions. The

resonance parameters of these two resonances indicate that

they are two of the isospin triplet. Similar to Tcs̄0(2900), the

LHCb Collaboration reported another two tetraquark candi-

dates X0,1(2900) in the D−K+ invariant mass distribution in

the B+ → D−D+K+ reaction in the year of 2020 [43, 44]. In

the D+K+ invariant mass distribution of the B+ → D−D+K+

reaction, we find that the experimental data of the D+K+ in-

varinat mass distribution around 2.9 GeV can not be well

described, which indicates that there should be an addi-

tional resonance. Inspired by the recent observation of the

Tcs̄0(2900) [63, 64] and the decay properties of Tcs̄0(2900), we

find that Tcs̄0(2900)++ is likely to contribute to the D+K+ in-

variant mass distribution. Thus, in the present work we study

the role of Tcs̄0(2900)++ in the D+K+ invariant mass distribu-

tion of the process B+ → D−D+K+.

In the present work, we estimate Tcs̄0(2900)++ contribu-

tion to the process B+ → D−D+K+ in a molecular scenario,

where we have considered Tcs̄0(2900)++ as a D∗+K∗+ molec-

ular state. However, due to the lack of the experimental in-

formation of B+ → D−D∗+K∗+, we have made an assumption

that the coupling constant for B+ → D−D∗+K∗+ is the same

as the one for nonresonant contribution in B+ → D−D+K+.

Based on this assumption, our estimation indicates that the

contribution from Tcs̄0(2900)++ is significant in the process

B+ → D−D+K+, and the Tcs̄0(2900)++ signal in the D+K+ in-

variant mass distribution is visible. In addition, the fit fraction

of B+ → D−Tcs̄0(2900)++ → K+D+D− is roughly estimated

to be 12.5%, which could be tested by further experimental

analysis by the LHCb Collaboration.

Before the end of this work, it is worth to mention that the

branching fractions of B0 → D−D0K+ and B0 → D−D+K0

decays are (1.07 ± 0.07 ± 0.09) × 10−3 and (0.75 ± 0.12 ±
0.12) × 10−3, respectively [89]. In the D0K+ invariant mass

distributions of these process, there should be the signal of

Tcs̄0(2900)+, which may be accessible for the LHCb Collabo-

ration.
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