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We have phenomenologically investigated the decays B0
s → X(3872)π+π−(K+K−) and B0

s →

ψ(2S)π+π−(K+K−). In our analysis, the scalar meson f0(980) is formed through the final state interac-

tions of coupled channels ππ and KK̄. Our findings indicate that the π+π− invariant mass distribution of the

B0
s → ψ(2S)π+π− decay can be accurately reproduced. Furthermore, we have explored the π+π−(K+K−)

invariant mass distribution of the B0
s → X(3872)π+π−(K+K−) decay, accounting for the different produc-

tion mechanisms between X(3872) and ψ(2S), up to a global factor. It is found that the production rates for

X(3872) and ψ(2S) are much different, which indicates that the structure of X(3872) is more complicated

than the ψ(2S), which is a conventional cc̄ state. Additionally, we have considered the contributions from

f0(1500) to π+π− and the φ meson to K+K− in our analysis. Utilizing the model parameters, we have cal-

culated the branching fraction of B0
s → X(3872)K+K−, and anticipate that the findings of our study can be

experimentally tested in the future.

I. INTRODUCTION

The nonleptonic weak decays of bottom hadrons are widely

acknowledged as a valuable means to elucidate the nature of

certain enigmatic hadrons [1–6], especially these decays with

charmonia in the final states [7, 8]. For example, it was found

that the scalar meson f0(500) has a relatively bigger signal

than f0(980) in the decay of B̄0 into J/ψπ+π− [9]. While

the decay of B0
s → J/ψπ+π− was measured by the LHCb

collaboration [10], and a pronounced peak was found for the

scalar meson f0(980) in the π+π− invariant mass distribu-

tions. However, there was no appreciable signal for the scalar

meson f0(500) [10]. This counter-intuitive result attracted

experimental and theoretical attention. New measurements

about the B and Bs decays have been performed by the Belle

Collaboration [11], CDF Collaboration [12], D0 Collabora-

tion [13], and LHCb Collaboration [14, 15].

The B0
s → J/ψπ+π− decay was studied in Ref. [6] based

on the final state interaction of pseudo-scalar meson-pseudo-

scalar meson provided by the chiral unitary approach, where

the scalar mesons f0(500) and f0(980) were dynamically

generated. The theoretical results are in agreement with the

experimental data [10]. The approach of Ref. [6] was suc-

cessfully extended to study other weak decays of B0
s and B
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mesons [16–21] (see also Ref. [1] for an extensive review).

The B0
s → ψ(2S)π+π− decay was firstly measured by the

LHCb collaboration [22] and the f0(980) meson played an

important role in the π+π− invariant mass distributions. Re-

cently, the B0
s → X(3872)π+π− decay was also firstly ob-

served by the LHCb collaboration [23], where a large con-

tribution from B0
s → X(3872)[f0(980) → π+π−] was

found. Determining the f0(980) nature in the B0
s decays is

possible. Indeed, it is interesting to investigate f0(980) in

B0
s → X(3872)π+π−, since it is the analogous decay com-

pared with the decay of B0
s into ψ(2S)π+π− within the as-

sumption that X(3872) can be generated by the hadroniza-

tion of cc̄ which is used to produce ψ(2S) in the former case.

The B0
s → X(3872)π+π− decay is also a useful platform

to explore the exotic feature of X(3872) [24–33]. Even if it

was discovered about two decades ago [34–43], its nature is

still unclear. For instance, molecular perspective is one com-

mon explanation for X(3872) rather than a pure chamonium.

As discussed in Ref. [33], one has investigated the decays of

B meson into X(3872) with a pseudoscalar or vector meson

based on the molecular perspective ofX(3872) from the inter-

action of DD̄∗ + c.c.(charge conjugate). Following the anal-

ysis about the B0
s → ψ(2S)π+π− decay, we will also study

the B0
s → X(3872)π+π− decay.

It is natural to study the role of f0(980) in the K+K−

invariant mass distribution of B0
s → ψ(2S)K+K− and

B0
s → X(3872)K+K− decays using the chiral unitary ap-

proach, since f0(980) has strong coupling to the KK̄ chan-

nel [44, 45]. Note that, within the chiral unitary approach [46–

49], the production of f0(980) and f0(500) mesons in B0
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and B0
s into J/ψ and a π+π or K+K− pair were inves-

tigated in Refs. [4, 6, 21]. To understand the new exper-

imental data collected by the LHCb collaboration [23] and

study the nature of X(3872) and the scalar meson f0(980),
in this work, we perform a coherent analysis of the B0

s →
X(3872)π+π−(K+K−) and B0

s → ψ(2S)π+π−(K+K−)
decays. In addition to the f0(980), we also consider the

contribution from the scalar meson f0(1500), since its sig-

nal is clearly seen in the invariant π+π− mass distribu-

tions [23, 50, 51].

This paper is organized as follows. In Sec. II, we present the

theoretical formalism for the production of the scalar meson

f0(980) in the B0
s decays into ψ(2S) or X(3872) and π+π−

or K+K−, together with a discussion about the scalar meson

f0(1500) in the corresponding decays, while the contribution

of the φ meson in the B0
s → X(3872)K+K− decay is also

shown. In Sec. III, we show our theoretical numerical results

and discussions, followed by a summary in the last section.

II. THEORETICAL FORMALISM

A. The B0
s → ψ(2S)[f0(980), f0(1500) → π+π−] decay

The leading contributions to the decays of B0
s into ψ(2S)

plus a scalar meson is the Cabibbo favored b̄ → cc̄s̄ process,

therefore, the decay diagram of B0
s → ψ(2S)[f0(980) →

π+π−], at the quark level, is shown in Fig. 1, which can be

separated into two steps. The first step, namely the Cabbibo

favored process, consists of the b̄ decaying into a c̄ quark and

a W+ boson followed by its decay into a c quark and a s̄
quark. Then, in addition to the hadronization of cc̄ to produce

ψ(2S), we need another qq̄ (≡ uū+ dd̄+ ss̄) pair to generate

the π+π− in the final states from ss̄.

b̄

s s

s̄

c̄ c

(uū + dd̄ + ss̄)B0
s

ψ(2S)

W

FIG. 1: Diagram for the decay of B0
s into ψ(2S) (formed by the cc̄

pair) and a primary ss̄ pair, which hadronizes with an extra (uū +
dd̄+ ss̄) pair from the vacuum.

Following Refs. [4, 6], the hadronization of ss̄, in terms of

pseudoscalar mesons, can be written as

ss̄(uū+ dd̄+ ss̄) → K+K− +K0K̄0 +
2

3
ηη. (1)

After the pseudoscalar meson-pseudoscalar meson pair is

produced, final-state interactions between the mesons occur,

where the π+π− pair can be obtained in the final states. The

scalar meson f0(980) is dynamically generated from the s-
wave interaction of the pseudoscalar meson-pseudoscalar me-

son in coupled channels [52–54]. Hence, the decay amplitude

for B0
s → ψ(2S)[f0(980) → π+π−] can be written as [6],

M
f0(980)
B0

s
→ψ(2S)π+π−

= g1Ma =
g1Vcspψ(2S) cos θ

mB0
s

×

(

GK+K−tK+K−→π+π− +GK0K̄0tK0K̄0→π+π−

+
2

3

1

2
Gηηtηη→π+π−

)

, (2)

where pψ(2S) is the three momentum of ψ(2S) in the center-

mass system of B0
s and θ is an integration variable of final-

state phase space. Note that for the B0
s → ψ(2S)[f0(980) →

π+π−] decay, we shall need a p-wave interaction to match

angular momentum conservation. We introduce a parameter

g1 to contain all dynamical factors, which is assumed to be

real and positive in this work. The Vcs is one matrix element

of the Cabbibo-Kobayashi-Maskawa matrix which is related

to the Cabbibo angle [21]: Vcs = cos θc = 0.97427.

In Eq. (2),Gi is the loop function of two meson propagators

Gi(s) = i

∫

d4q

(2π)4
1

(P − q)2 −m2
1 + iε

1

q2 −m2
2 + iε

, (3)

where “i” represents the ith-channel, m1, m2, and q are the

masses and four-momentum of one meson in this channel, re-

spectively. P is the total momentum in this system, satisfy-

ing s = P 2. The three-momentum integral is carried out by

precisely integrating the q0 variable and applying a cutoff Λ
of the order of 1 GeV, which is impacted by the number of

channels. The element of the scattering matrix, tij , for the

transition of channel i to j, is given by t = (1 − V G)−1V .

Now numbering the channels as 1 for π+π−, 2 for π0π0, 3

for K+K−, 4 for K0K̄0, and 5 for ηη, the V matrix can be

used in the same form as [6]. It is worth noting whether or not

considering the ηη channel does not affect the results much,

as long as a reasonable cutoff Λ is used. See more details in

Refs. [6, 44, 53]. We don’t consider the ηη channel in this

work and take Λ = 903 MeV. The loop function G and two-

body scattering amplitude t depend on the invariant massMππ

of the π+π− system.

B0
s

ψ(2S)

f0(1500)

π+

π−

FIG. 2: Diagram for the decay of B0
s into ψ(2S) and π+π− through

the resonance f0(1500).

In addition to the scalar meson f0(980), we consider the

scalar meson, namely f0(1500) as shown in Fig. 2. It is treated
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in the amplitude as a Breit-Wigner (BW) propagator.

M
f0(1500)
B0

s
→ψ(2S)π+π−

= g2Mb

=
ig2mf0(1500)Γf0(1500)pψ(2S) cos θ

mB0
s

(

M2
ππ −m2

f0(1500)
+ imf0(1500)Γf0(1500)

) , (4)

where mf0(1500) and Γf0(1500) are the mass and width of

f0(1500). Here, g2 is a free parameter, and we consider it

real and positive. Furthermore, ongoing debates exist about

the nature of f0(1500), and its mass and width are not well

determined [55]. Hence, mf0(1500) and Γf0(1500) will be fit-

ted to the experimental data.

Then, the total decay amplitude for B0
s → ψ(2S)π+π− is

written as,

MB0
s
→ψ(2S)π+π− = g1Ma + g2Mbe

iϕ, (5)

where ϕ is the relative phase between Ma and Mb, and it is

a free parameter. In fact, as discussed in Ref. [23], there are

indeed contributions from the interference between f0(980)
and f0(1500) to the π+π− invariant mass spectrum of the

B0
s → ψ(2S)π+π− decay.

B. The mechanism of B0
s → X(3872)π+π−(K+K−)

In contrast with the charmonium state ψ(2S), the produc-

tion of X(3872) in the decay of B0
s → X(3872)π+π− may

have a more involved mechanism because of the exotic nature

of the X(3872) state. Therefore, we should involve a differ-

ent parameter g′1 [see Eq. (2)] for the B0
s → X(3872)π+π−

decay: 1

MB0
s
→X(3872)π+π− =

g′1VcspX(3872) cos θ

mB0
s

×

(

GK+K−tK+K−→π+π− +GK0K̄0tK0K̄0→π+π−

)

. (6)

In other words, the mechanism for the production ofX(3872)
is the same as that shown in Fig. 1 if we only consider the

short-range contribution to the hadronization of cc̄.
On the other hand, the contribution of f0(1500) → π+π−

in B0
s → X(3872)π+π− is different from that in the decay

B0
s → ψ(2S)π+π−. Referring to the masses of relevant par-

ticles in the Review of Particle Physics (RPP) [55], the phase

space is tiny for the B0
s → X(3872)π+π− decay. The upper

limit of the invariant mass of Mππ is barely bigger than the

mass of f0(1500), which means that the peak of f0(1500) in

the π+π− invariant mass distribution is seriously suppressed.

Even if there is some contribution from f0(1500), it can be

omitted in our mechanism. Thus, Eq. (6) is essentially the

complete amplitude of the B0
s → X(3872)π+π− decay.

The K+K− pair can not only be directly produced by

the hadronization of ss̄ with uū from the vacuum in Fig. 1,

1 Note that the ηη channel is also neglected.

but also be dynamically produced by the final-state interac-

tion of KK̄ in s-wave. According to the diagrams shown in

Fig. 3, the decay amplitude of B0
s → X(3872)f0(980) →

X(3872)K+K− is given by

MB0
s
→X(3872)K+K− =

g′1VcspX(3872) cos θ

mB0
s

(

1 +

GK+K−tK+K−→K+K− +GK0K̄0tK0K̄0→K+K−

)

,(7)

where we have used the same coupling constant g′1 as in

Eq. (6) because of the similar mechanism and the same final

state X(3872).

B0
s

X(3872)

K+

K−

(a)

B0
s

X(3872)

K+

K−

(b)

FIG. 3: Diagram for the decay of B0
s → X(3872)K+K− where

K+K− is produced in s-wave. (a) is the tree diagram, and (b) is the

rescattering.

On the other hand, we also consider the contribution of the

φ meson to the B0
s → X(3872)K+K− decay. In this case,

the K+K− is produced in p-wave. The decay amplitude is

written as,

Mφ
B0

s
→X(3872)K+K−

= gBXφgφKKε
µνρσ

×ǫ∗µ(pX)pXνqσ
i(pK+ − pK−)ρ
q2 −m2

φ + imφΓφ
, (8)

where ǫ∗µ(pX) and pX are the polarization and four momen-

tum of X(3872). And ǫ∗ν(q), q, mφ and Γφ are the po-

larization, four-momentum, mass, and width of the φ me-

son. Besides, gBXφ and gφKK are the coupling parameters

of the vertexes of B0
sX(3872)φ and φKK . With the branch-

ing fractions of B[B0
s → X(3872)φ] = (1.1 ± 0.4) × 10−4

and B[φ→ K+K−] = (49.1 ± 0.5)% from RPP [55], one

can obtain that g2BXφ = (7.3 ± 2.7) × 10−22MeV−2 and

g2φKK = (20.0± 0.2).

C. The mass distribution and partial decay width of

B0
s → X(3872)[ψ(2S)]π+π−(K+K−)

With these decay amplitudes obtained above, the π+π−

and K+K− invariant mass distributions of B0
s →
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X(3872)[ψ(2S)]π+π−(K+K−) decay can be easily ob-

tained as follows

dΓ

dMinv
=

1

512π5m2
B0

s

∫

dΩΩ∗|p||p∗||M|2, (9)

where (p,Ω) is the three momentum of X(3872) or ψ(2S) in

the rest frame ofB0
s , while (p∗,Ω∗) is the three momentum of

one π (K) in the final π+π− (K+K−) center of mass frame

with invariant mass Minv.

III. NUMERICAL RESULTS AND DISCUSSIONS

We calculate the invariant π+π− mass distributions of the

process B0
s → ψ(2S)π+π− with the above theoretical for-

malism. There are five free parameters to be obtained by fit-

ting to the experimental data: g1 in Eq. (2), g2, mf0(1500), and

Γf0(1500) in Eq. (4), and ϕ in Eq. (5). Since our numerical

results are dΓ/dMinv, and the experimental data are events as

a function of the π+π− invariant mass, there is a global factor

C between our theoretical calculations and the experimental

data. On the other hand, in the fitting to the experimental data,

we use the following form:

data = C
dΓ

dMinv
=

Cg22
512π5m2

B0
s

∫

dΩΩ∗|p||p∗| ×

[

(
g1
g2

)2|Ma|
2 + |Mb|

2 +
2g1
g2

Re
(

M∗
aMbe

iϕ
)]

. (10)

Thus, we take Cg22 , g1/g2, mf0(1500), Γf0(1500), and ϕ as

free parameters. It should be noted that the global factor C
can normalize the theoretical results to match the experimen-

tal mass distribution. And more importantly, the factor C
is the same for the two processes B0

s into ψ(2S)π+π− and

X(3872)π+π−. In this way, the fitted parameters are listed

in Table I. The obtained χ2/d.o.f is 1.4, which is reasonably

small.

TABLE I: The fitted parameters in this work.

Parameters Fitting Results

Cg22 (2.77± 0.35) × 108

g1/g2 0.68 ± 0.04

ϕ(◦) −85.11 ± 8.65

mf0(1500) (MeV) 1450.0 ± 6.8

Γf0(1500) (MeV) 164.4 ± 22.4

χ2/d.o.f 1.4

The fitted results of the π+π− invariant mass distributions

of B0
s → ψ(2S)π+π− are shown in Fig. 4. One can see that

thanks to the contributions from f0(980) and f0(1500), the

experimental data can be well reproduced. In the calculations,

the scalar meson f0(980) is produced in the final-state inter-

action of KK̄ and ππ in coupled channels. The first higher

peak can be described by only the f0(980) state. In contrast,

the second small peak and the long tail between the two peaks

can be reproduced by the f0(1500) and the interference be-

tween f0(980) and f0(1500). It is worth mentioning that the

mass and width of f0(1500) state are mainly determined by

the second peak, and the fitted results are different from the

values quoted in the RPP [55].

400 600 800 1000 1200 1400 1600
0

50

100

150

200

250

Yi
el

d 
/ (

20
 M

eV
)

Mpp (MeV)

 f0(980)

 f0(1500)

 interference
 total fit

FIG. 4: Invariant mass distribution of π+π− for the B0
s →

ψ(2S)π+π− decay, compared with the experimental data taken from

Ref. [23]. The blue-dashed, green-dashed, and black-solid curves are

the contributions from the f0(980), f0(1500), and their interference,

respectively. The red-solid line is their total contribution.

With the fitted parameters and the branching ratio of

B[B0
s → ψ(2S)π+π−] = (6.9±1.2)×10−5 [55], we can ex-

tract the global factor C, which is C = (8.28± 1.44)× 1017.

Then, we can also get g2 = (1.83 ± 0.20) × 10−5 and

g1 = (1.24±0.15)×10−5. If we take the same coupling con-

stant g1 for the B0
s → J/ψπ+π− decay, we obtain Γ[B0

s →
J/ψf0(980) → J/ψπ+π−] = (3.9 ± 1.0) × 10−14 MeV,

which is in agreement with the value of (5.4 ± 0.6) × 10−14

MeV quoted in the RPP [55]. This indicates that the coupling

constants for producing charmonium states in the B0
s decays

are universal.

Next, we turn to the B0
s → X(3872)π+π− decay. We

firstly set g′1 = g1. The resulting invariant mass Mππ dis-

tribution of B0
s → X(3872)π+π− is shown as the black-

dashed curve in Fig. 5. In this case, the obtained peak

of f0(980) is too high compared with the available exper-

imental data around 980 MeV. This indicates that the cou-

pling of g′1 should differ from that of g1. In another words,

the production mechanism of X(3872) and ψ(2S) in the

B0
s → X(3872)[ψ(2S)]π+π− decays are different. In-

deed, the contributions from the long-distance D̄D∗ scatter-

ing to the X(3872) production in the B0
s decays are impor-

tant [32, 33].

To get a good description of the experimental data on the

B0
s → X(3872)π+π− decay, we modify the value of g′1

and enable the theoretical results to pass through the high-

est experimental point around Mππ = 980 MeV. We get

g′1 = 0.69g1, and the corresponding results are shown in
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0

30

60

90

120

Yi
el
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Mpp (MeV)

FIG. 5: Invariant mass distribution of π+π− for the B0
s →

X(3872)π+π− decay, compared with the experimental data [23].

The red-solid and black-dashed curves are obtained with different

values for the production parameter g′1.

Fig. 5 by the red curve. To explore more details about the

difference between the production of X(3872) and the char-

monium states in the B0
s decays, we compare the modulus

squared of their decay amplitudes, where the effect of the

phase space is removed. For this purpose, we write,

|MB0
s
→Rf0(980)|

2 = ΓB0
s
→Rf0(980)/|pR|, (11)

where R represents the X(3872), ψ(2S), or J/ψ, respec-

tively. For the partial decay width of ΓB0
s
→Rf0(980), we calcu-

late them with the spectral function for the π+π− distribution

as follows [2, 21],

ΓB0
s
→Rf0(980) =

∫Mmax
ππ

Mmin
ππ

dΓ
B0

s
→Rπ+π−

dMππ
/S(M2

ππ)dMππ

∫Mmax
ππ

Mmin
ππ

dMππ

,(12)

with the special function S(M2
ππ)

2,

S(M2
ππ) = −Im

2mf0(980)/π

M2
ππ −m2

f0(980)
+ imf0(980)Γf0(980)

,(13)

where we take mf0(980) = 985 MeV and Γf0(980) = 100
MeV as quoted in the RPP [55], while Mmax

ππ = 1035 MeV
and Mmin

ππ = 935 MeV.

On the other hand, we can also evaluate the modulus

squared of decay amplitudes for B0
s → Rφ(η, η′) by replac-

ing f0(980) with φ, η or η′, which contain an ss̄ component.

We define:

R1 =
|MB0

s
→X(3872)f0(980)[φ,η,η′]|

2

|MB0
s
→J/ψf0(980)[φ,η,η′]|

2
, (14)

R2 =
|MB0

s
→ψ(2S)f0(980)[φ,η,η′]|

2

|MB0
s
→J/ψf0(980)[φ,η,η′]|

2
. (15)

2 Here, we use a Breit-Wigner form for the f0(980), and it will not change

our main conclusion if we worked in the dynamically generated picture.

These obtained numerical results for R1 and R2 are listed

in Table II. In the calculations, we take the two-body de-

cay branching fractions from the RPP [55] except B[B0
s →

X(3872)η] andB[B0
s → X(3872)η′]. While for the decays of

B0
s → X(3872)η andB0

s → X(3872)η′, there are still no ex-

perimental measurements, and thus we rely on the results ob-

tained in Ref. [32] with the subtraction parameter α = −1.91
(see more details in that reference). These values are listed in

Table III. On the other hand, Ref. [33] also gives the results of

B[B0
s → X(3872)η] and B[B0

s → X(3872)η′] based on the

molecular picture of X(3872).

TABLE II: Ratios of the two-body decays of B0
s →

X(3872)[ψ(2S)]f0(980)[φ, η, η
′] to the B0

s →

J/ψf0(980)[φ, η, η
′].

R1 R2

f0(980) 0.16 ± 0.09 0.51 ± 0.28

φ 0.18 ± 0.07 0.71 ± 0.06

η 0.05 ± 0.03 1.07 ± 0.35

η′ 0.08 ± 0.04 0.54 ± 0.16

TABLE III: Branching fractions of B0
s decaying into

X(3872)[ψ(2S), J/ψ] and φ[η, η′].

Decay modes Branching fractions (×10−4)

X(3872)φ 1.1± 0.4

X(3872)η 0.15 ± 0.07

X(3872)η′ 0.17 ± 0.08

ψ(2S)φ 5.2± 0.4

ψ(2S)η 3.3± 0.9

ψ(2S)η′ 1.29 ± 0.35

J/ψφ 10.4± 0.4

J/ψη 4.0± 0.7

J/ψη′ 3.3± 0.4

Table II shows that the results for R2 are close to one since

bothψ(2S) and J/ψ are charmonium states. Furthermore, the

obtained ratios ofR1 are much smaller than that of R2, which

indicates that the X(3872) state is not pure charmonium.

Finally, we consider the B0
s → X(3872)[ψ(2S)]K+K−

process. The theoretical results for the invariant K+K−

mass distributions are shown in Fig. 6, where the numeri-

cal results for the invariant π+π− mass distributions of the

B0
s → X(3872)[ψ(2S)]π+π− decays are also shown. The

production rate of the X(3872) is almost an order of mag-

nitude smaller than that of the production of ψ(2S) for both

π+π− and K+K− final states. The final-state interactions of

π+π− and K+K− occur in s-wave, where only the f0(980)
contribution is considered. It is expected that future experi-

mental measurements can test these calculations.
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FIG. 6: The π+π− and K+K− invariant mass distribution of B0
s decay with the final state (a) X(3872) and (b) ψ(2S).

It is interesting to compare the branching fractions through

the integral of invariant mass Mππ and MKK . The results are

given by

B[B0
s → X(3872)(f0(980) → K+K−)]

B[B0
s → X(3872)(f0(980) → π+π−)]

= 0.5± 0.3,(16)

B[B0
s → ψ(2S)(f0(980) → K+K−)]

B[B0
s → ψ(2S)(f0(980) → π+π−)]

= 0.6± 0.3,(17)

which shows that the branching fraction obtained from the in-

tegral over invariant mass MKK is of the same order of mag-

nitude as that for Mππ while the strength of K+K− invariant

mass distribution below the peak of f0(980) is much smaller

than that for π+π−.

Moreover, it is easy to get the branching fraction from the

measurements of Ref. [56],

B[B0
s → X(3872)(K+K−)non−φ] = (8.6± 3.5)× 10−5.(18)

Then, one can also get the following ratio,

B[B0
s → X(3872)(f0(980) → K+K−)]

B[B0
s → X(3872)(K+K−)non−φ]

= 0.06± 0.02,(19)

which means that the s-wave K+K− contribution from

f0(980) is extremely small compared with other non-φ con-

tributions.

For the contribution of the φ meson to the B0
s →

X(3872)K+K−, with the above obtained couplings of g2BXφ
and g2φKK , we get the branching fraction

B[B0
s → X(3872)(φ→ K+K−)] = (8.3± 3.0)× 10−5,(20)

which is consistent with the following result from the narrow

width approximation within the uncertainty,

B[B0
s → X(3872)(φ→ K+K−)] = B[B0

s → X(3872)φ]

×B[φ→ K+K−] = (5.4± 2.0)× 10−5, (21)

where we have used B[φ → K+K−] = (49.1± 0.5)% from

the RPP [55].

IV. SUMMARY

We have investigated the decays of B0
s into ψ(2S)π+π−

and X(3872)π+π− and performed a χ2-fit to the π+π− in-

variant mass distributions based on the experimental data from

the LHCb collaboration. Taking the dominant Cabibbo fa-

vored weak decay mechanism of B0
s , we firstly get ψ(2S) or

X(3872) and an ss̄ pair. Second, after the hadronization of

ss̄, we get π+π− and K+K− in the final state, and this inter-

action is mediated by the scalar meson f0(980). In addition,

the contribution from the scalar meson f0(1500) is also con-

sidered for the B0
s → ψ(2S)π+π− decay. It is found that

the recent LHCb experimental measurements on the π+π−

invariant mass distributions of B0
s → ψ(2S)π+π− decay can

be well reproduced.

Within the same picture, we also studied the B0
s →

X(3872)π+π− decay. We find that, to reproduce the exper-

imental data, one needs a different production coupling pa-

rameter for X(3872), which indicates that the production of

X(3872) is not the same as the production of the charmo-

nium state ψ(2S). Moreover, we have compared the modulus

squared of amplitudes of B0
s decays into X(3872) or ψ(2S)

and one light meson, namely f0(980), φ, η, and η′. The re-

sults indicate that the production amplitudes of X(3872) in

B0
s decays are different from that of one charmonium in the

same B0
s decays. This may indicate that the X(3872) is not a

pure charmonium state.

The π+π− and K+K− invariant mass distributions for

the processes B0
s → ψ(2S)[X(3872)]π+π− and B0

s →
ψ(2S)[X(3872)]K+K− are calculated, where we have nat-

urally considered the K+K− final state from f0(980) for the

decays of B0
s into ψ(2S)K+K− and X(3872)K+K− in the

coupled channel approach, and compared with the π+π− final

state in the same situation. On the one hand, it is found that the

peak strength of f0(980) in mππ is higher than that in mKK

for the production ofX(3872) or ψ(2S) in theB0
s decays. On
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the other hand, we realize that B[B0
s → X(3872)π+π−] is

bigger than B[B0
s → X(3872)K+K−] while both are of the

same order of magnitude. The above result does not change

with the substitution of ψ(2S) for X(3872). The results here

shed light on the fact that the low-lying scalar meson f0(980)
is formed from the interaction of pseudoscalar meson and

pseudoscalar meson and that X(3872) is indeed not a pure

charmonium state.
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