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Prompted by the recent discoveries of Tcs̄0ð2900Þþþ in the Dþ
s π

þ invariant mass distribution of
Bþ → D−Dþ

s π
þ process, we present a model that hopes to help us investigate the nature of Tcs̄0ð2900Þþþ

by reproducing the mass distribution ofD−πþ,Dþ
s π

þ, andD−Dþ
s in Bþ → D−Dþ

s π
þ decays. The structure

of the triangular singularity peak generated from the χc1D�þK�þ loop near the D�þK�þ threshold is
considered in our model may be the experimentally discovered resonancelike state structure Tcs̄0ð2900Þþþ.
In addition, we employ a coupled-channel approach to describe the dominant contribution of the Dπ
S-wave amplitude, and also consider other excitations. Our model provides a well fit to the invariant mass
distributions of D−πþ, Dþ

s π
þ, and D−Dþ

s simultaneously.

DOI: 10.1103/PhysRevD.109.014003

I. INTRODUCTION

Over the last two decades, many resonance states have
been discovered experimentally that cannot be explained
by the traditional quark model [1–3]. These states are
called exotic hadron states. The first to be discovered was
the exotic state of Xð3872Þ observed by the Belle collabo-
ration in 2003 [4], which was later verified by other
experiments [5–8].
In the year of 2020, the LHCb collaboration reported the

discovery of two new structures X0ð2900Þ and X1ð2900Þ
in the D−Kþ invariant mass distribution on the Bþ →
DþD−Kþ process [9,10]. Interestingly, both X0ð2900Þ and
X1ð2900Þ are all fully open flavor states and their minimal
quark components are four different quark uds̄ c̄.
Therefore, many theoretical works have been dedicated
to exploring their properties [11–21].
Recently, the LHCb collaboration studied the B0 →

D̄0Dþ
s π

− and Bþ → D−Dþ
s π

þ processes [22,23] and
observed a new double-charged spin-0 open charm tetra-
quark candidate and a neutral partner in the Dsπ decay
channel with their reported masses and widths:

Tcs̄0ð2900Þþþ∶ M ¼ 2.922� 0.014ðGeVÞ;
Γ ¼ 0.161� 0.033ðGeVÞ; ð1Þ

and

Tcs̄0ð2900Þ0∶ M ¼ 2.871� 0.012ðGeVÞ;
Γ ¼ 0.135� 0.025ðGeVÞ; ð2Þ

respectively.
From the process observed, the minimal quark compo-

nents of the Tcs̄0ð2900Þþþ and Tcs̄0ð2900Þ0 are cs̄d̄u and
cs̄ūd, respectively [22,23]. The appearance of the exotic
state has aroused the interest of numerous theoretical
physicists, because the former particle is the first observed
doubly charged tetraquark state. A number of theories
have been proposed to provide further guidance to explore
the nature of Tcs̄0ð2900Þ. Theoretical works have inves-
tigated Tcs̄ð2900Þ properties using the QCD sum rule
approach [24–26], suggesting that it could be a scalar
tetraquark state of cs̄qq̄. And there is also a study that has
investigated the tetraquark state properties of Tcs and Tcs̄
under coupled-channel calculation based on the constituent-
quark model [27].
The authors in Ref. [28] proposed that Tcs̄0 can be

interpreted as a threshold effect resulting from the inter-
action between the D�K� and D�

sρ channels. It has been
suggested that Tcs̄0 could be a dynamical effect arising
from the triangular singularity in Ref. [29]. Within the
framework of the local hidden gauge approach, the authors
studied the coupled-channelD�

sρ −D�K� interactions [30].
Furthermore, the observed mass of Tcs̄0 is closely aligned
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with the D�K� threshold, suggesting that it has the
potential to be a promising candidate for a molecular state
composed of D� and K�. Then there were also numerous
works investigating the nature of the molecular state of
Tcs̄0 [31–36]. In Ref. [37], the authors also analyzed the
interpretation of Tcs̄0 state asDsρ hadronic molecules using
the QCD sum rule method.
Until now, the nature of Tcs̄0ð2900Þþþ has yet to be

definitively determined and remains subject to ongoing
investigations and research. Therefore, we hope that fitting
the three invariant mass distributions from the experimental
results will help us to determine the characteristics of
Tcs̄0ð2900Þþþ.
It is significant to emphasize that the Dπ S-wave

significantly affected the Dπ invariant mass distribution
in the Bþ → D−Dþ

s π
þ process. In the experiment, the

distribution of Dπ S wave was improved by introducing a
0þ quasi-model-independent [38] description.
Thus, in this work, we have developed a model with few

parameters that can be fitted simultaneously to the three
invariant mass distributions MD−πþ , MDþ

s π
þ , and MD−Dþ

s
in

Bþ → D−Dþ
s π

þ process. We have taken into account Breit-
Wigner (BW) amplitudes, a triangle loop amplitude asso-
ciated with Tcs̄0ð2900Þþþ, and a unitary coupled channel
effect related to Dπ S-wave amplitude. The organization of
the paper is as follows. In Sec. II, we present the theoretical
formalism of the process Bþ → D−Dþ

s π
þ. The numerical

results of the calculations and discussion are presented in
the Sec. III. At the end, we make a brief summary in
the Sec. IV.

II. FRAMEWORK

We considered the contributions of the Feynman dia-
grams depicted in Fig. 1 to process Bþ → Dþ

s D−πþ. We
derive the relevant amplitudes by writing the effective
Lagrangians of the relevant hadrons and their matrix
elements, then combining them in accordance with the
time-ordered perturbation theory. We considered three
kinds of mechanisms: the D̄�

J excitations of Fig. 1(a),
triangle loop of Fig. 1(b) and unitary coupled channel
effect of Dπ S wave of Fig. 1(c). For convenience, here
we use D̄�

J to describe this three mesons: D̄�ð2007Þ0,
D̄�

1ð2600Þ, and D̄�
2ð2460Þ. We label the mass, width,

energy, momentum, and polarization vector of a particle

A as mA, ΓA, EA, p⃗A, and ϵ⃗A. The scattering amplitudes of
all the Feynman diagrams that we are thinking about will
be discussed below.

A. The mechanism of D̄�
J excitations

We take the Breit-Wigner forms to describe the D̄�
J

excitation mechanisms of Fig. 1(a). In this work we have
taken D̄�ð2007Þ0, D̄�

1ð2600Þ, and D̄�
2ð2460Þ into consid-

eration since the data [22] shows that they have effects
on the final states invariant mass distributions in Bþ →
Dþ

s D−πþ process.
For Bþ → Dþ

s D̄�ð2007Þ0½D̄�
1ð2600Þ�ð1−Þ vertex only to

be p wave, and the decay of the D̄�ð2007Þ0½D̄�
1ð2600Þ� to

D−πþ also involves p wave. The expressions for ampli-
tudes D̄�ð2007Þ0 and D̄�

1ð2600Þ are

AD̄�ð2007Þ0 ¼cD̄�ð2007Þ0
p⃗D− :p⃗Dþ

s
f1D−πþ;D̄�ð2007Þ0f

1
Dþ

s D̄�ð2007Þ0;Bþ

EBþ −EDþ
s
−ED̄�ð2007Þ0 þ i

2
ΓD̄�ð2007Þ0

;

AD̄�
1
ð2600Þ ¼cD̄�

1
ð2600Þ

p⃗D− · p⃗Dþ
s
f1Dþπþ;D̄�

1
ð2600Þf

1
Dþ

s D̄�
1
ð2600Þ;Bþ

EBþ −EDþ
s
−ED̄�

1
ð2600Þ þ i

2
Γ̃D̄�

1
ð2600Þ

;

ð3Þ

where both cD̄�ð2007Þ0 and cD̄�
1
ð2600Þ are complex coupling

constants that need to be fitted. Here we adopted the
experimental energy dependent width Γ̃D̄�

1
ð2600Þ and will

discuss it later. Since the width of D̄�ð2007Þ0 is too small,
we used the experimental value. The fLij and fLij;k is the
dipole form factors defined by

fLij ¼
1ffiffiffiffiffiffiffiffiffiffi
EiEj

p �
Λ2

Λ2 þ q2ij

�
2þL=2

;

fLij;k ≡ fLij=
ffiffiffiffiffiffi
Ek

p
;

FL
mn ¼

1ffiffiffiffiffiffiffiffiffiffiffiffi
EmEn

p
�

Λ2

Λ2 þ p̃2
m

�
2þL=2

; ð4Þ

where qijðp̃mÞ is the momentum of iðmÞ in the ij(total)
c.m. frame; L is the orbital angular momentum of the ij pair
system. In calculation, we take a cutoff for Λ and set it to
common value of 1 GeV.

FIG. 1. Bþ → D−Dþ
s π

þ considered in this work: (a) D̄�
J ½D̄�ð2007Þ0; D̄�

2ð2460Þ; D̄�
1ð2600Þ� excitations, (b) triangle loop, (c) coupled

channel.
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As the D̄�
2ð2460Þ resonance state with the JP ¼ 2þ, the

Bþ → Dþ
s D̄�

2ð2460Þ vertex should be parity conserving
with a d wave, and the amplitude is given by

AD̄�
2
ð2460Þ ¼ cD̄�

2
ð2460Þ

p⃗i
D−p⃗j

D− ϵ⃗ijD̄�
2
ð2460Þp⃗

m
Dþ

s
p⃗n
Dþ

s
ε⃗mn
D̄�

2
ð2460Þ

EB − EDþ
s
− ED̄�

2
þ i

2
Γ̃D̄�

2
ð2460Þ

× f2D−πþ;D̄�
2

f2Dþ
s D̄�

2
;Bþ : ð5Þ

Summing the spin of the polarization vector [39] of the
tensor ð2þÞ meson takes nonrelativistic approximation:

X
pol

ϵμνϵ
�
μ0ν0 ¼

1

2
ðδ̃μμ0 δ̃νν0 þ δ̃μν0 δ̃νμ0 Þ −

1

3
δ̃μνδ̃μ0ν0 ; ð6Þ

then the amplitude of Eq. (5) becomes

AD̄�
2
ð2460Þ ¼ cD̄�

2
ð2460Þ

ðp⃗D · p⃗Ds
Þ2 − 1

3
ðp⃗2

Dp⃗
2
Ds
Þ

EB − EDþ
s
− ED̄�

2
þ i

2
Γ̃D̄�

2
ð2460Þ

× f2D−πþ;D̄�
2

f2Dþ
s D̄�

2
;Bþ : ð7Þ

We use the mass-dependent running width (see details
in [22]):

Γ̃ðMÞ ¼ ΓR

�
qðMÞ
q0

�
2L0þ1mR

M
F02ðM;L0Þ; ð8Þ

where mR and ΓR are the mass and width of the resonance
state, respectively. M is the invariant mass of D−πþ and we

denote the orbital angular momentum betweenD−πþ system
andDþ

s by L0. The Blatt-Weisskopf form factor [40] F0 takes

F0ðM; 1Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ z2ðMÞ
1þ z20

s
L ¼ 1;

F0ðM; 2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
9þ 3z2ðMÞ þ z4ðMÞ

9þ 3z20 þ z40

s
L ¼ 2; ð9Þ

where zðMÞ ¼ pd, z0 ¼ p0d, d takes the value used in the
experiment of 3.0 GeV−1 [22],p is themomentumof particle
D− in the MD−πþ frame, and q denotes the momentum of
resonance state in the initial rest frame. The energy depend-
ence widths of D̄�

1ð2600Þ and D̄�
2ð2460Þ are as follows:

Γ̃D̄�
1
ð2600Þ ¼ ΓD̄�ð2600Þ

�
qD̄�ð2600Þ

q0

�
3 mD̄�ð2600Þ
MD−πþ

F02ðMD−πþ ; 1Þ;

Γ̃D̄�
2
ð2460Þ ¼ ΓD̄�

2
ð2460Þ

�qD̄�
2
ð2600Þ
q0

�
5 mD̄�

2
ð2600Þ

MD−πþ
F02ðMD−πþ ; 2Þ:

ð10Þ

B. The mechanism of Ta
cs̄0ð2900Þ+ + amplitude

We consider the exotic state candidates Tcs̄0ð2900Þ dis-
covered in the experiment as triangle singularities. The
amplitude of the triangle diagram in Fig. 1(b) for Bþ →
Dþ

s D−πþ process is given by

AD−Dþ
s π

þ;Bþ ¼ cTa
cs̄0ð2900Þþ

Z
dp⃗χc1

vðDþ
s π;K�þD�þÞvðD�þD−; χc1Þ

E − EðK�þÞ − EðD�þÞ − EðD−Þ þ i
2
ΓK�þ

vðχc1K�þ;BþÞ
E − Eðχc1Þ − EðK�þÞ þ i

2
ΓK�þ þ i

2
Γχc1

; ð11Þ

where the implicit summation of the spin of the inter-
mediate particles are involved. E is the total energy in the
c.m. frame and the energy Eaðp⃗aÞ is

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p⃗2
a þm2

a

p
. p⃗χc1 is a

loop momentum. The mass and width values of particles
are taken from Particle Data Group [41].
We use an s-wave interaction for D�þð1−ÞK�þð1−Þ →

Dþ
s ð0−Þπþð0−Þ vertex:

vðDþ
s π

þ;K�þD�þÞ ¼ ϵ⃗D�þ · ϵ⃗K�þJ1f0Dþ
s π

þJ2f0D�þK�þ : ð12Þ
The vertices of χc1ð1þÞ → D−ð0−ÞD�þð1−Þðs-waveÞ

and Bþð0−Þ → χc1ð1þÞK�þð1−Þðs-waveÞ processes are
given as

vðD�þD−; χc1Þ ¼ ϵ⃗χc1 · ϵ⃗
�
D�þJ3f0D−D�þ;χc1

; ð13Þ

vðχc1K�þ;BþÞ ¼ ϵ⃗�χc1 · ϵ⃗
�
K�þf0χc1K�þ;Bþ : ð14Þ

We use the M ≃ 4684 MeV, Γ ≃ 126 MeV for
χc1ð4685Þ state.
We calculate the interaction vertices of Eqs. (12)

and (13) under the two-body c.m. frame, and then
multiply by a kinematical factors of J1, J2, and J3 to
account for the Lorentz transformation to the c.m. frame
of three-body system [42,43]. Further details can be
found in Ref. [44].

C. The mechanism of coupled-channel
Dπ S-wave amplitude

For the Dπ S-wave, experimental and theoretical
results show that it cannot be described as a resonance
state using a simple BW amplitude, so in this work we
consider it as coupled channel effect which contains
three channels: Dπ − D̄sK − D̄η in Fig. 1(c). We denote
a meson-meson pair with JP as MM(JP), such that Dπð0þÞ
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denotes a Dπ pair with JP ¼ 0þ. The initial weak vertex
Bþð0−Þ → Dπð0þÞDþ

s ð0−ÞðswaveÞ is given as

ν1 ¼ c0
þ

DπDþ
s ;Bþ

�
tDt

z
Dtπt

z
π

���� 12 12
�
f0DπF

0
Dþ

s Bþ ; ð15Þ

where c0
þ
DπDþ

s ;Bþ is a complex coupling constant, f0Dπ and

F0
Dþ

s Bþ are form factors presented in Eq. (4). An isospin

Clebsch-Gordan coefficient is given by the bracket
htatzatbtzbjcdi, where ta and tza are the isospin and z
component of particle a, respectively.
We adopted the method in Ref. [45] to describe the

hadron scattering process, which is also consistent with the
principle of coupled-channel unitarity. We describe hadron
interactions in a form that is not constrained by a particular
model where all coupling constants are determined from
experimental data.
The s-wave meson-meson interaction potential is

given as

νβ;α¼
�
tβ1t

z
β1
tβ2t

z
β2

����1212
��

tα1t
z
α1tα2t

z
α2

����1212
�
f0βðp0Þhβ;αf0αðpÞ;

ð16Þ

where α and β is represent three interaction channels Dπ,
D̄sK, and D̄η, α1 and α2 represent the two mesons in
channel α. hβ;α represents the coupling constant between α
and β channels. We describe the coupled-channel effect in
terms of ½G−1ðEÞ�βα ¼ δβα − hβ;ασαðEÞ, where

σαðEÞ ¼
X
tz

Z
dqq2

htα1tzα1tα2tzα2 j 12 12i2½f0αðqÞ�2
E − Eα1ðqÞ − Eα2ðqÞ þ iϵ

; ð17Þ

where
P

tz denotes summation of channels with different
masses for D−πþ and D̄0π0 charge conjugate. The vertex
Dπ, D̄sK, and D̄η → D−πþ is

ν2 ¼ hD−πþ;α

�
tα1t

z
α1tα2t

z
α2

���� 12 12
�
f0Dπf

0
α: ð18Þ

The amplitude for diagram of Fig. 1(c) is

ADπ ¼ 4π
XDπ;D̄sK;D̄η

α;β

hD−πþ;βc0
þ

αDþ
s ;Bþf0D−πþðpD−Þ

× σβðMD−πþÞGβαðMD−πþÞF0
Dþ

s Bþ : ð19Þ

D. Invariant mass distributions
of the B+ → D +

s D−π + decay

With the amplitudes of the processes we considered
above, we can get the total decay amplitude of Bþ →
Dþ

s D−πþ as below:

M ¼ cb þMD̄�ð2007Þ0 þMD̄�
1
ð2600Þ þMD̄�

2
ð2460Þ

þMTa
cs̄0ð2900Þ þMDπ; ð20Þ

where cb is the complex coupling constant representing the
contribution of the background in the experiment.
We use the following equation to calculating three-body

differential decay width:

d2ΓM ¼ 1

ð2πÞ3
1

32E3
jMj2d2Mabd2Mbc: ð21Þ

For a givenvalue ofm2
ab, the range ofm

2
bc is determined by

ðm2
bcÞmin ¼ ðE�

b þ E�
cÞ2 −

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
b −m2

b

q
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
c −m2

c

q �
2

;

ðm2
bcÞmax ¼ ðE�

b þ E�
cÞ2 −

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
b −m2

b

q
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
c −m2

c

q �
2

;

ð22Þ

where E�
b and E�

c are the energies of particles b and c in the
c.m. frame of the ab pair, respectively.

III. RESULTS

We simultaneously fit the theoretical model of
Bþ → D−Dþ

s π
þ process with the three experimental results

of MD−πþ , MDþ
s π

þ , and MD−Dþ
s
distributions. Theoretical

model includes three Breit-Wigner amplitudes, one triangle
loop amplitude of Ta

cs̄0ð2900Þþþ and one unitary coupled
channel effect of Dπ S-wave amplitude. All amplitudes
contain the product of the overall factors of a complex
coupling coefficient. In the absence of other experimental
inputs, we determine the complex factors by fitting the
available data. We take a complex coupling constant (cb)
for the amplitude in order to represent the background
contribution that is considered in the experiment. For
different β channels, we represent hD−πþ;β in Eq. (19)
as the three parameters hD−πþ;βðDπÞ, hD−πþ;βðD̄skÞ, and
hD−πþ;βðD̄ηÞ in Table I. In the coupling coefficient of hβ;α
in the Gβ;α term of Eq. (19), since α and β contain three
interaction channels Dπ, D̄sK, and D̄η, there are six
parameters hDπ;Dπ , hDπ;D̄sK, hDπ;D̄η, hD̄sK;D̄sK , hD̄sK;D̄η,
and hD̄η;D̄η, which are listed in Table I. Regarding the Λ
in the form factors, we adopted a classical value of 1 GeV.
At last, our default model was refined to include a total
of 17 parameters. Subsequently, we determined the cou-
pling constants from the fit and present numerical results in
the Table I.
The mass distribution results as shown in Figs. 2 and 3

are in quite good agreement with the LHCb data, in which
the default model is represented by a red solid curves.
The fit quality is χ2=ndf¼ð96.29þ111.29þ78.01Þ=
ð99�3−17Þ≃1.02, where three χ2s are from comparing
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to the MD−πþ , MDþ
s π

þ , and MD−Dþ
s
distributions, respec-

tively; “ndf” represents the number of bins subtracted by
the number of fitting parameters. We have taken into
account the smearing effect by applying bin widths to
theoretical curves for the default model. Overall, the
contributions of D̄�

2ð2460Þ in Fig. 1(a) [brown dash dotted]
and Fig. 1(c) for Dπ S wave [blue dotted] dominate the
whole process.
In the distribution of MD−πþ [Fig. 2(a)], we can clearly

note that the contribution of the resonant state D̄�
2ð2460Þ

leads to a sharp peak near 2.46 GeV. A significant fraction
of the amplitude below the energy range of 2.46 GeV is
attributed to the contributions from the Dπ S-wave ampli-
tude. In addition, D�

1ð2600Þ also leads to a comparable
peak near 2.6 GeV. They are indispensable to get a
satisfactory fit result.
Then in the MDþ

s π
þ distribution of Bþ decay. The tri-

angular singularity generates a distinct resonancelike
peak near the position of 2.9 GeV corresponding to
Ta
cs̄0ð2900Þþþ. The other contribution of D�

1ð2600Þ is
helpful in improving the cusp in the 3.2 GeV region in
Fig. 2(b). The contribution of coupled channel effect of
Dπ S-wave is a large fraction in the whole process. So, for
the decay process of fitting Bþ → D−Dþ

s π
þ, it is evident

that the most crucial aspect is the amplitude contribution
of Dπ S wave. From the fitting results, it appears that
our theoretical model provides a highly satisfactory
explanation.
Every D̄�

J resonance state in our analysis is modeled
using the BW form and is able to accurately match the
experimental data. All known D̄�

J mesons are considered
in the experimental model, but the broad D�

0ð2300Þ state is
not included. Because recent experimental studies [38] and
theoretical analyses [46,47] suggest that the D�

0ð2300Þ
resonance state is not adequately represented by a simple
BW line shape. For the Dπ S-wave in the experiment,
a quasi-model-independent parametrization is employed.
This approach divides the MDπ range into k slices, see
Ref. [38] for more details. We tried to describe the Dπ S
wave as the BWamplitude ofD�

0ð2300Þ resonance state and
the fit value of its simultaneous fit to three invariant mass
distributions is χ2=ndf ¼ ð207.38þ 425.27þ 298.22Þ=
ð99 × 3 − 14Þ ≃ 3.29. Thus, the BW amplitude is really
not a good representation of the Dπ S wave.

TABLE I. Parameter values for Bþ → D−Dþ
s π

þ models.

Parameters Values

cD̄�ð2007Þ0 0.84 − 3.41i
cD̄�

1
ð2600Þ −0.62þ 1.15i

cD̄�
2
ð2460Þ ð0.18 × 10−5–0.87 × 10−5iÞ GeV−2

cTa
cs̄0ð2900Þþþ ð−9.83 − 4.72iÞ GeV2

cb 66.03 − 27.74i

c0
þ

DπDþ
s ;Bþ 42.91 − 0.67i

hD−πþ;βðDπÞ 0.989
hD−πþ;βðD̄sKÞ 1.010
hD−πþ;βðD̄ηÞ 0.98

c0
þ

D̄sKDþ
s ;Bþ −25.45þ 0.92i

c0
þ

D̄ηDþ
s ;Bþ −28.80þ 0.44i

hDπ;Dπ 36.99
hDπ;D̄sK −16.21
hDπ;D̄η −19.55
hD̄sK;D̄sK 6.35
hD̄sK;D̄η 21.60
hD̄η;D̄η 11.93
Λ 1.00 GeV (fixed)

FIG. 2. Comparison with the LHCb data [22] for Bþ → D−Dþ
s π

þ; (a) D−πþ, (b) Dþ
s π

þ, and (c) D−Dþ
s invariant mass distributions.

The red solid curve is from the full model, smeared with the bin width. Contributions from Fig. 1(a) are D̄�ð2007Þ0 [green dash dot],
D̄�

1ð2600Þ [aqua dash dot], and D̄�
2ð2460Þ [brown dash dotted]. The contribution from Fig. 1(b) includes the triangle loop of

Ta
cs̄0ð2900Þþþ [magenta dotted]. The contribution from Fig. 1(c) includes DπðswaveÞ [blue dotted]. Contribution from background

[gray solid].
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We examine if the fit is stable against changing the form
factor. Instead of Λ ¼ 1000 MeV (cutoff) in all the dipole
form factors of the default model, we fit the data with
Λ ¼ 800, 1250, and 1500 MeV. As seen in Fig. 4 for the
MDþ

s π
þ distribution, while the sharpness of the Tð2900Þ

peak is somewhat sensitive to the cutoff value, the fit is
reasonably stable overall. Similarly, stable fits are also
obtained for the MD−πþ and MD−Dþ

s
distributions. We

also used monopole and Gaussian form factors with
Λ ¼ 1000 MeV, and confirmed that the result is very
similar to the case of dipole form factor. The result is
shown in Fig. 5.
In order to have a thorough understanding of the model,

we refit the total amplitude after taking into account the
cutoff Λ and the parameter d in the fit and the result for
the MDþ

s π
þ distribution is shown in Fig. 6. We explored the

variation of the parameter d in the range 1.5 to 5 GeVand Λ
in the range 500 to 2000 MeV. From the results it looks like

it will improve the sharp at 2.9 GeV, overall it looks the
same as in the default model in Fig. 2(b).
In order to test the importance of Ta

cs̄0ð2900Þþþ, we refit
the total amplitude after removing the amplitude of
Ta
cs̄0ð2900Þþþ and the result is shown in Fig. 7 that

we compare the MDþ
s π

þ contribution of the default model
with the amplitude that does not include Ta

cs̄0ð2900Þþþ.
The fit quality is χ2=ndf ¼ ð93.23þ 130.06þ 80.39Þ=
ð99 × 3 − 17Þ ≃ 1.08. The value of χ2 in the MDþ

s π
þ

distribution increases from 111.29 to 130.06, and it is
clear from the Fig. 7 that the fit result becomes significantly
worse around 2.9 GeV energy region. Despite its minimal
fraction in Fig. 2(b), it still played a role in improving the
shape of the peak at the 2.9 GeV area.

FIG. 3. This figure is a continuation from Fig. 2.

FIG. 4. The MDþ
s π

þ distribution from the fits with different
cutoff (Λ) values in the dipole form factors. The blue dotted, red
solid, green dotted, and brown dash-dotted curves are obtained
with Λ ¼ 800, 1000, 1250, and 1500 MeV, respectively. Other
features are the same as those in Fig. 2(b).

FIG. 5. TheMDþ
s π

þ distribution from the fits with different form
factors. The red solid, blue dotted, and green dash-dotted curves
are obtained with dipole, monopole, and Gaussian, respectively.
Other features are the same as those in Fig. 2(b).

FIG. 6. The figure shows theMDþ
s π

þ distribution obtained from
the combined fit of the different models, with the red curve
representing the default model and the green curve representing
the variation of the Λ and d parameters included in the fit over a
reasonable range.
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IV. CONCLUSION

We have made a theoretical study of the Bþ → D−Dþ
s π

þ
reaction recently researched by the LHCb. The triangular
loop mechanism in the model causes a triangle singularity
(TS) peak near theD�þK�þ threshold that fits well the peak

at 2900 MeV in the invariant mass distribution of Dþ
s π

þ
data. In order to investigate the consistency of our model
with experimental measurements, we investigate theD−πþ,
Dþ

s π
þ, and D−Dþ

s invariant mass distributions and fit the
experimental data using the parameters mentioned in the
formula, and found that there is agreement with experiment
at the peaks and dips in all three invariant mass distribu-
tions. We use a unitary coupled-channel model to character-
ize the main amplitude contribution of the Dπ S wave,
and obtain good fitting results with as few parameters as
possible, which also shows that it is reasonable to use the
coupled-channel model to describe the amplitude of the
Dπ S wave.
Moreover, we have compared the default model with

another model that eliminates the contribution of
Tcs̄0ð2900Þþþ to confirm the necessity of both amplitudes
in our default model. The results indicate that the con-
tribution of Tcs̄0ð2900Þþþ is crucial.
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