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The dipionic transition of the Xð3872Þ to the ηc was investigated using an effective Lagrangian approach.
In this study, the Xð3872Þ was assumed to be a DD̄� þ c:c: bound state with the quantum numbers
JPC ¼ 1þþ and to decay via triangle and box loops. It is found that the partial decay widths arising from the
box loops are one order of magnitude greater than those from the triangle ones. The decay widths are
model-dependent, as characterized by the cutoff parameter introduced in the form factor. Moreover, the
charged and neutral DD̄� configurations of the Xð3872Þ and its mass also influence the decay widths. With
our model parameters, the decay widths for the Xð3872Þ → πþπ−ηc can reach up to several tens of keV. We
hope that the current calculations within the molecular interpretation will be helpful for the future
experiments.
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I. INTRODUCTION

In 2003, the Belle collaboration discovered the Xð3872Þ,
also known as χc1ð3872Þ, in the J=ψπ−πþ invariant mass
spectrum of the B → KþJ=ψπ−πþ process [1]. The discov-
ery of Xð3872Þ opened up a new era for the study of hadron
spectroscopy. Candidates of exotic states are usually called
collectively asXYZ states. In theXYZ states, theXð3872Þ is
the first andmost extensively studied representative. Shortly,
the BABAR [2,3], D0 [4], and CDF [5] collaborations
confirmed its existence in eþe− or pp=pp̄ collisions. The
spin-parity quantum numbers JPC ¼ 1þþ are well estab-
lished based on the angular correlation analyses in Bþ →
Xð3872ÞKþ → πþπ−J=ψKþ → πþπ−μþμ−K [6].
The Xð3872Þ has two remarkable features. One is its

width Γ ¼ ð1.19� 0.21Þ MeV [7], which is exceptionally
narrow compared to the typical hadronic width. Another is
its mass MX ¼ ð3871.64� 0.06Þ MeV [7], which is very
close to the D0D̄�0 threshold. This near-threshold property
suggests that the Xð3872Þ is a potential hadronic molecular
state composed of DD̄�, which has attracted considerable
attention [8–37]. Guo et al. presented a detailed review on
hadronic molecules [38] and a special review focusing on
the Xð3872Þ within the molecular model was recently

published [39]. Generally speaking, hadronic molecules
can couple to other states having the same quantum
numbers, e.g., an admixture with the excited states of cc̄
[40,41]. There are other explanations of the Xð3872Þ, such
as the tetraquark state [42–48] and the conventional
charmonium state [41,49]. Since no charged partner of
Xð3872Þ has been observed [50,51], the Xð3872Þ could be
anticipated to be an isoscalar in the isospin symmetric limit.
In order to understand the internal structure of the

Xð3872Þ, a direct way is to study its various decay modes.
In Ref. [19], the Xð3872Þ was considered as a composite
hadronic state composed of a dominant molecular D0D�0

component accompanied by other hadronic pairs (D�D��,
J=ψω, and J=ψρ), with two- and three-body hadronic
decays into the charmonium states χcJ plus pions being
calculated. Additionally, the processes Xð3872Þ → J=ψ þ
h (h ¼ πþπ−; πþπ−π0; π0γ, and γ) were also calculated
under the same framework. In Ref. [52], the ratio of
branching fractions between the Xð3872Þ → J=ψπþπ−π0
and Xð3872Þ → J=ψπþπ− processes was calculated to be
1.4, which is consistent with experimental measurements
[53]. In Ref. [33], the radiative transitions of the Xð3872Þ to
the J=ψ and ψ 0 were discussed using an effective field
theory. It was found that the experimentally determined
ratio R ¼ BðXð3872Þ → γψ 0Þ=BðXð3872Þ → γJ=ψÞ is not
in conflict with a wave function of the Xð3872Þ dominated
by the DD̄� hadronic molecular component. It is pointed
out in Ref. [54] that, to explain the ratio R mentioned
above, the nontrivial interplay between a possible charmo-
nium and the molecular components in the Xð3872Þ is
necessary. However, the ratio BðXð3872Þ → γJ=ψÞ=
BðXð3872Þ → πþπ−J=ψÞ relating the radiative and strong
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decays hints that the cc̄ component only plays a sublead-
ing role.
Recently, the charmless decays of Xð3872Þ via the

intermediate meson loops were studied based on amolecular
interpretation of the Xð3872Þ as a D̄D� bound state [55].
These decays are structure-dependent, which is reflected by
the proportion of neutral and charged constituents in the
Xð3872Þ. The dependence of certain decay widths on
cutoff parameter is not significant, implying that the dom-
inant mechanism governed by the intermediate mesonic
loops effectively regulates the ultraviolet contribution. The
Xð3872Þ → χcJππ via intermediate mesonic box loops was
calculated under the assumption that the Xð3872Þ is a
shallow bound state of neutral charmed mesons [56].
They found that, at leading order, the decays of Xð3872Þ →
χcJπ

0π0 dominate the dipionic decay modes, with a branch-
ing fraction just below that for the single pionic decay
to π0χc1, while the other dipionic decays are highly sup-
pressed. In Ref. [57], the branching ratios of Xð3872Þ →
π0π0χc1 and Xð3872Þ → πþπ−χc1 decay were calculated
under theDD̄� molecularmodel. Themodel has a significant
predicted value BðXð3872Þ → π0π0χc1Þ=BðXð3872Þ →
πþπ−χc1Þ ≈ 1.1, which is weakly dependent on the reso-
nance parameters of Xð3872Þ and severely disrupts the
isotopic symmetry.
The BABAR Collaboration obtained at the 90% confi-

dence-level upper limits on the products of the branching
fractions and two-photon widths, ΓXð3872Þ→γγBðXð3872Þ →
ηcππÞ<11.1 eV [58], where Xð3872Þ was assumed to be a
spin-2 state (11D2 state ηc2) to check the ηc2 configuration
of the Xð3872Þ, but they did not observe a significant
signal for this channel. To better understand the nature of
Xð3872Þ, in this work, under the assumption that X(3872)
is a JPC ¼ 1þþ molecular state, we shall study the hidden
charmed decay Xð3872Þ → πþπ−ηc via the triangle and
box loops using the effective Lagrangian method within the
framework of the molecular model. The influence of the
neutral and charged configurations of the Xð3872Þ and its
mass are also considered. The rest structure of this article is
organized as follows. We provide the effective Lagrangians
and the corresponding decay amplitudes in Sec. II.
Numerical results and discussion are given in Sec. III.
The last section is devoted to a brief summary.

II. THEORETICAL FRAMEWORK

A. Effective Lagrangians

The process of the Xð3872Þ decaying into πþπ−ηc via
the intermediate charmed meson loops is shown in Fig. 1.
The Xð3872Þ is assumed to be an S-wave molecular state
with the quantum numbers of IGðJPCÞ ¼ 0þð1þþÞ, con-
sisting of a superposition of the D�0D̄0 and D��D∓ double
hadron configurations [55]

jXð3872Þi ¼ cos θffiffiffi
2

p ðD�0D̄0 þD0D̄�0Þ

þ sin θffiffiffi
2

p ðD�þD− þDþD�−Þ; ð1Þ

where θ is a phase angle introduced to describe the relative
proportion of the neutral and charged constituent compo-
nents, and the coupling constants are sensitive to the mass
difference between the charged and neutral configurations
of Xð3872Þ. Here we take θ ¼ 0, π=12, π=4, and π=2. The
coupling between the Xð3872Þ and the charmed mesons
can be parametrized using the following Lagrangian [55]

LX ¼ gnffiffiffi
2

p X†
μðD�0μD̄0 þD0D̄�0μÞ

þ gcffiffiffi
2

p X†
μðD�þμD− þDþD�−μÞ; ð2Þ

where gn ¼ jgneff j cos θ and gc ¼ jgceff j sin θ represent the
coupling constants of the Xð3872Þ to the neutral and
charged charm meson pairs, respectively, with the effective

coupling constant gn=ceff of the Xð3872Þ to its components.
As a state slightly below an S-wave two-hadron thresh-

old, the effective coupling constant geff of the Xð3872Þ to
its components is [59–61],

g2eff ¼ 16πc2i ðmD þmD̄�Þ2
ffiffiffiffiffi
2ϵ

μ

s
; ð3Þ

where c2i with i ¼ D0D̄�0 or D�D̄�∓ is the probability of
finding the two-hadron component in the physical wave
function of the Xð3872Þ. For a pure bound state c2i ¼ 1

[61]. ϵ ¼ mD þmD̄� −MX is the binding energy and μ ¼
mDmD̄�=ðmD þmD̄� Þ is the reduced mass. According to the
PDG [7] and assuming that the Xð3872Þ is a pureD0D̄�0 or
D�D̄�∓ molecule, we obtain

jgneff j ¼ 2.77 GeV; ð4aÞ

jgceff j ¼ 9.95 GeV: ð4bÞ

In the heavy quark limit, the Lagrangian for the
interactions of the S-wave charmonium ηc with D and
D� mesons is [62]

LS ¼ −gηcD�D�ϵμναβ∂
μη†cD�ν

∂

↔α
D̄�β

þ igηcD�Dη
†
cðD∂

↔μ
D̄�

μ þD�
μ ∂
↔μ

D̄Þ þ H:c:: ð5Þ

The Dð�Þ ¼ ðDð�Þ0; Dð�Þþ; Dð�Þþ
s Þ represents the pseudosca-

lar (vector) triplet of charmed mesons. The corresponding
anticharmed meson triplets are denoted by D̄ð�Þ. The
coupling constants gηcDð�ÞDð�Þ can be written as
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gηcD�D� ¼ 2g1
mD�ffiffiffiffiffiffiffimηc
p ; ð6aÞ

gηcD�D ¼ 2g1
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mηcmD�mD

p
; ð6bÞ

where the gauge coupling g1 ¼ ffiffiffiffiffiffiffimψ
p =ð2mDfψÞ with the

J=ψ decay constant fψ ¼ 426 MeV [36,62].
In the heavy quark limit and under the chiral sym-

metry, the interactions of the light pseudoscalar mesons
with D and D� mesons are described by the following
Lagrangian [63–65]

L ¼ −igD�DPðDi
∂
μPijD

�j†
μ −D�i

μ ∂
μPijDj†Þ

þ 1

2
gD�D�PϵμναβD

�μ
i ∂

νPij
∂

↔α
D�β†

j þ H:c:; ð7Þ

where P represents the octet pseudoscalar mesons in
matrix form [55]

P ¼

0
BBBB@

π0ffiffi
2

p þ ηffiffi
6

p πþ Kþ

π− − π0ffiffi
2

p þ ηffiffi
6

p K0

K− K̄0 −
ffiffi
2
3

q
η

1
CCCCA: ð8Þ

The coupling constants gDð�ÞDð�ÞP are

gD�D�P ¼ gD�DPffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mDmD�

p ¼ 2g
fπ

; ð9Þ

where the pion decay constant fπ ¼ 132 MeV [66] and
g ¼ 0.59 which is determined from the partial decay
widths of D�þ → D0πþ=Dþπ0 [67].
The Lagrangian describing the four-body interaction

between ηc, pions and D� mesons, which is constructed
via the SUð4Þ matrix of pseudoscalar and vector mesons,
is [68,69]

(a) (b)

(c) (d) (e)

(f)

(i) (j)

(g) (h)

FIG. 1. Feynman diagrams for the Xð3872Þ → ππηc decays via the triangle and box loops. The charge conjugated loops are not shown
here, but included in our calculations.
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L4B ¼ gηcπD�D�ηcD�0
μ D�−μπþ

þ gηcπD�D�ηcD̄�0μD�þ
μ π−

þ gππD�D�π−D�−
μ πþD�þμ

þ gππD�D�π−D�0
μ πþD̄�0μ þ H:c:; ð10Þ

with the coupling constants gηcπD�D� ¼ 32.26 and
gππD�D� ¼ 13.97.

B. Amplitudes of Xð3872Þ → π + π − ηc
Using the Lagrangians above, we can write down

the amplitudes of Xð3872Þ → πþπ−ηc shown in
Fig. 1. The amplitudes of the process Xð3872ÞðpÞ →
½Dð�Þðq1ÞD̄ð�Þðq2Þ�Dð�Þðq3Þ → π−ðp1Þπþðp2Þηcðp3Þ via
the triangle loops are

Ma ¼
Z

d4q3
ð2πÞ4

�
geffffiffiffi
2

p gμγεμðXÞ
�
½gD�DPp1ν�

× ½gD�D�ηcπgβα�Sðq1; mDÞSγβðq2; mD� Þ
× Sανðq3; mD� ÞF2ðq23; m2

D� Þ; ð11Þ

Mb ¼
Z

d4q3
ð2πÞ4

�
geffffiffiffi
2

p gμθεμðXÞ
�
½gD�D�ππgρξ�

× ½gD�Dηcðq2 − q3Þδgδζ�Sθρðq1; mD� Þ
× Sðq2; mDÞSξζðq3; mD� ÞF2ðq23; m2

D� Þ: ð12Þ

The amplitudes of the Xð3872ÞðpÞ → ½Dð�Þðq1ÞD̄ð�Þðq2Þ�
Dð�Þðq3ÞDð�Þðq4Þ → π−ðp1Þπþðp2Þηcðp3Þ via the box
loops are

Mc ¼
Z

d4q4
ð2πÞ4

�
geffffiffiffi
2

p gμγεμðXÞ
�

×

�
−
1

2
gD�D�Pϵδναβpν

1ðq1 þ q4Þα
�

×

�
−
1

2
gD�D�Pϵωσθιpσ

2ðq4 þ q3Þθ
�
½gD�Dηcðq2 − q3Þκ�

× Sγδðq1; mD� ÞSðq2; mDÞSικðq3; mD� Þ
× Sβωðq4; mD�ÞFðq23; m2

D�ÞFðq24; m2
D�Þ; ð13Þ

Md ¼
Z

d4q4
ð2πÞ4

�
geffffiffiffi
2

p gμγεμðXÞ
�
½−gD�DPp1δ�½gD�DPp2ι�

× ½gD�Dηcðq2 − q3Þκ�Sγδðq1; mD�ÞSðq2; mDÞ
× Sικðq3; mD� ÞSðq4; mDÞ
× Fðq23; m2

D�ÞFðq24; m2
DÞ; ð14Þ

Me ¼
Z

d4q4
ð2πÞ4

�
geffffiffiffi
2

p gμξεμðXÞ
�
½gD�DPp1β�½−gD�DPp2ω�

× ½gD�Dηcðq2 − q3Þρ�Sðq1; mDÞSξρðq2; mD� Þ
× Sðq3; mDÞSβωðq4; mD�Þ
× Fðq23; m2

DÞFðq24; m2
D� Þ; ð15Þ

Mf ¼
Z

d4q4
ð2πÞ4

�
geffffiffiffi
2

p gμξεμðXÞ
�
½gD�DPp1β�

×

�
−
1

2
gD�D�Pϵωδθιpδ

2ðq4 þ q3Þθ
�

× ½−gD�D�ηcϵσκτρp
σ
3ðq2 − q3Þτ�

× Sðq1; mDÞSξρðq2; mD� ÞSικðq3; mD� Þ
× Sβωðq4; mD�ÞFðq23; m2

D�ÞFðq24; m2
D�Þ; ð16Þ

Mg ¼
Z

d4q4
ð2πÞ4

�
geffffiffiffi
2

p gμγεμðXÞ
�

×

�
−
1

2
gD�D�Pϵδναβpν

1ðq1 þ q4Þα
�

× ½−gD�DPp2ι�½−gD�D�ηcϵσκτρp
σ
3ðq3 − q4Þτ�

× Sγδðq1; mD� ÞSðq2; mDÞSιρðq3; mD�Þ
× Sβκðq4; mD� ÞFðq23; m2

D� ÞFðq24; m2
D� Þ; ð17Þ

Mh ¼
Z

d4q4
ð2πÞ4

�
geffffiffiffi
2

p gμγεμðXÞ
�
½−gD�DPp1δ�

× ½−gD�DPp2ι�½gD�Dηcðq3 − q4Þρ�Sγδðq1; mD�Þ
× Sðq2; mDÞSιρðq3; mD� Þ
× Sðq4; mDÞFðq23; m2

D�ÞFðq24; m2
DÞ; ð18Þ

Mi ¼
Z

d4q4
ð2πÞ4

�
geffffiffiffi
2

p gμξεμðXÞ
�
½gD�DPp1β�½gD�DPp2ω�

× ½gD�Dηcðq3 − q4Þκ�Sðq1; mDÞSξωðq2; mD�Þ
× Sðq3; mDÞSβκðq4; mD� Þ
× Fðq23; m2

DÞFðq24; m2
D� Þ; ð19Þ

Mj ¼
Z

d4q4
ð2πÞ4

�
geffffiffiffi
2

p gμξεμðXÞ
�
½gD�DPp1β�

×

�
1

2
gD�D�Pϵιδθωpδ

2ðq2 þ q3Þθ
�

× ½−gD�D�ηcϵσκτρp
σ
3ðq3 − q4Þτ�

× Sðq1; mDÞSξωðq2; mD�Þ
× Sριðq3; mD� ÞSβκðq4; mD�Þ
× Fðq23; m2

D� ÞFðq24; m2
D� Þ: ð20Þ
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Here, Sðq;mÞ and Sμνðq;mÞ represent the propagators of
the charm meson D and D�, respectively,

Sðq;mDÞ ¼
1

q2 −m2
D þ iϵ

; ð21aÞ

Sμνðq;mD� Þ ¼ −gμν þ qμqν=m2
D�

q2 −m2
D� þ iϵ

: ð21bÞ

The differential decay width for the Xð3872Þ → πþπ−ηc
is expressed as follows

dΓ ¼ 1

3

1

ð2πÞ3
1

32M3
X
jMj2dm2

12dm
2
23: ð22Þ

For the triangle diagrams, M ¼ Ma þMb, and M ¼Pj
i¼c Mi for the box diagrams. In this work, the total

amplitude for each diagram needs to account for both the
neutral and charged components of Xð3872Þ, as well as the
charge conjugated for each diagram. The m12 and m23 are
the invariant masses of π−πþ and πþηc, respectively. The
calculations were conducted with the assistance of LoopTools
packages [70,71].

III. NUMERICAL RESULTS

To describe the off-shell effects of the exchanged mesons
and to account for the internal structure of the involved
mesons, we introduce a form factor Fðq2; m2Þ. In this work,
the dipole form factor is adopted in triangle diagrams and
two monopole form factors are adopted in box diagrams
[55,64,72–74],

Fðq2; m2Þ ¼ m2 − Λ2

q2 − Λ2
; ð23Þ

where q and m are the momentum and mass of the
exchanged meson, respectively; Λ ¼ mþ αΛQCD with
ΛQCD ¼ 0.22 GeV. We vary the model parameter α within
the range of 0.6 to 1.8 to show its effect on the decay
process under consideration.
The phase angle θ quantifies the relative contributions of

the neutral (D0D̄�0) and charged (D�D̄�∓) components in
theXð3872Þmolecular wave function. The sensitivity of the
coupling constants gn=c in Eq. (2) to the mass difference
between these configurations arises from that the binding
energy ϵ ¼ mD þmD̄� −MX depends on the Xð3872Þ
mass MX. For example, if MX approaches the D0D̄�0
threshold (∼3871.7 MeV), the neutral component domi-
nates (θ → 0), while proximity to the charged threshold
(∼3879.9 MeV) favors θ → π=2. In the hadronic loop
approach, the charged and neutral charmed meson loops
cancel each other in isospin-violating processes [36,75,76].
Therefore, one can determine the range of the phase
angle θ by using experimentally observed isospin-violating

processes Xð3872Þ → χcJπ
0, J=ψρ0 [7]. In the following,

we shall present the decay widths of Xð3872Þ → πþπ−ηc
under four different phase angles: θ ¼ 0, π=12, π=4, and
π=2. When θ ¼ 0, the Xð3872Þ is a purely neutral bound
state, consisting solely of the neutral component. For
θ ¼ π=12, the decay process involves both neutral and
charged components, but the neutral component dominates.
For θ ¼ π=4, the charged and neutral components of
Xð3872Þ have equal proportions. At θ ¼ π=2, the
Xð3872Þ is a purely charged bound state, consisting solely
of a charged component.
In Fig. 2 the partial widths of the Xð3872Þ → πþπ−ηc are

plotted as a function of the model parameter α. The results
in the left-hand column are for the triangle loops and those
due to the box loops are shown in the right-hand column.
Overall, the partial decay widths contributed from the box
loops are one order of magnitude larger than those from
triangle ones. It can be seen that for different phase angles,
the decay widths via the triangle and box loops both
increase monotonously as the parameter α varies from 0.6
to 1.8.
In Table I we summarize the decay widths for the four

different phase angles. Moreover, the other dipionic decays
of the Xð3872Þ to the charmonia J=ψ and χc0ðc1Þ are also
listed together with the experimental results. With the
model parameters we used, the decay widths for the
Xð3872Þ → πþπ−ηc can reach several tens of keV, smaller
than the experimental upper limit of 154.7 keV [7].
However, we cannot limit the range of the model param-
eters (phase angles θ and cutoff α) according to the
comparison between the theoretical predictions and exper-
imental measurements.
The relative size of the decay widths for the different

phase angles can be estimated in terms of the effective
couplings in Eq. (4). The decay width for θ ¼ π=2 is
roughly one order of magnitude greater than that for θ ¼ 0,

(a) (b)

FIG. 2. Partial widths (in units of keV) of the decay Xð3872Þ →
πþπ−ηc through triangle loops (a) and box loops (b) as a function
of the model parameter α.
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as expected in view of gneff=g
c
eff ¼ 3.59. In the case of

θ ¼ π=4, the decay width is slightly smaller than that
for θ ¼ π=2. This is due to jgneff j cos θ þ jgceff j sin θ ¼
8.99 ≈ gceff . Given jgneff j cos θ þ jgceff j sin θ ≈ 5.25, the decay
width for θ ¼ π=12 is about four times greater than that
for θ ¼ 0.
It is shown in Fig. 3 that the decay widths show dips near

MX ¼ 3872 and 3880 MeV for θ ¼ π=12 and π=4. This is
because, when the Xð3872Þ mass is close to the D0D̄�0 and
D�D̄�∓ threshold, the corresponding coupling strength
approaches zero. At θ ¼ 0 and π=2, the Xð3872Þ is
composed either of neutral charmed mesons or of charged
ones, so there is one dip atMX ¼ 3872 MeV or 3880 MeV.

To clearly show the influence of the phase angle, we
plot in Fig. 4 the dependence of the decay width on the
phase angle for α ¼ 1.0. Figure 4(a) presents the con-
tributions from the triangle loops, while Fig. 4(b) exhibits
those due to the box ones. For Xð3872Þ → πþπ−ηc, the
decay width first increases and then decreases as the phase
angle increases. It is seen that the contribution from the
box loop is about one order of magnitude larger than those
from the triangle loops. From Fig. 4, the decay width
reaches the maximum values around π=3. According to
our calculations, the obtained decay widths due to the
triangle loops and box loops are about less than 1 keV,
and a few keVs, respectively. The future experimental

TABLE I. Decay widths (in units of keV) of the Xð3872Þ → πþπ−ηc with α ¼ 0.6–1.8. For better comparison, decay widths (in units
of keV) of the Xð3872Þ → πþπ−J=ψ [77,78], πþπ−χc1 [77,79], and πþπ−χc0 [77,80] are also listed together with the experimental
measurements [7].

Final states θ ¼ 0 θ ¼ π=12 θ ¼ π=4 θ ¼ π=2 Exp. dataa

πþπ−ηc (Triangle) 0.01–0.28 0.03–0.86 0.07–2.25 0.08–2.53 <154.7 [7]
πþπ−ηc (Box) 0.11–2.66 0.32–8.04 0.81–21.16 0.88–23.79 <154.7 [7]
πþπ−J=ψ 10.0b [78] � � � 35.0–70.0c[77] � � � 41.7� 10.7 [7]
πþπ−χc1 � � � � � � <12.6d [77] � � � <8.3 [7]
πþπ−χc0 � � � � � � <39.2e [77] � � � <23.8 [7]

aThe experimental data are obtained through multiplying the center value of the Xð3872Þ total width, ΓXð3872Þ ¼ 1.19� 0.21 MeV
[7], by the branching fraction of each decay channel.

bΓXð3872Þ→πþπ−J=ψ ¼ ΓXð3872Þ→ρ0J=ψ × B½ρ0 → πþπ−�, with ΓXð3872Þ→ρ0J=ψ ¼ 10 keV which is independent of α [78] and B½ρ0 →
πþπ−� ¼ 100% [7].

cΓXð3872Þ→ρ0J=ψ ¼ 35–70 keV with α ¼ 4.0, where the Xð3872Þ, with a mass ranging from 3870.5 to 3872.5 MeV, decays through
triangle diagrams [77].

dObtained by ΓXð3872Þ→πþπ−J=ψ × B½Xð3872Þ → πþπ−χc1�=B½Xð3872Þ → πþπ−J=ψ � with ΓXð3872Þ→πþπ−J=ψ<70.0 keV [77] and
B½Xð3872Þ → πþπ−χc1�=B½Xð3872Þ → πþπ−J=ψ �<0.18 [79].

eObtained by ΓXð3872Þ→πþπ−J=ψ × B½Xð3872Þ → πþπ−χc0�=B½Xð3872Þ → πþπ−J=ψ � with ΓXð3872Þ→πþπ−J=ψ<70.0 keV [77] and
B½Xð3872Þ → πþπ−χc0�=B½Xð3872Þ → πþπ−J=ψ �<0.56 [80].

(b)

(a)

FIG. 3. Partial widths (in units of keV) for the decay
Xð3872Þ → πþπ−ηc through triangle loops (a) and box loops
(b) as a function of the mass of the Xð3872Þ. The model
parameter α ¼ 1.0.

(a)

(b)

FIG. 4. Partial widths (in units of keV) for the decayXð3872Þ →
πþπ−ηc through triangle loops (a) and box loops (b) as a function of
the phase angle. The model parameter α ¼ 1.0.
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measurements may be used to constrain the range of the
phase angle.

IV. SUMMARY

In this work, we have calculated the decay widths of the
dipionic decay Xð3872Þ → πþπ−ηc using an effective
Lagrangian approach. In the calculations, we assumed that
the Xð3872Þ is a DD̄� molecular state and decays via the
triangle and box loops. To show the influence of the
Xð3872Þ molecular structure, we chose four phase angles
θ ¼ 0, π=12, π=4, and π=2, which describes the proportion
of neutral and charged constituents in the Xð3872Þ.
When θ ¼ 0, the Xð3872Þ is a purely neutral bound state,
consisting solely of the neutral component. For θ ¼ π=12,
the decay process involves both neutral and charged
components, but the neutral component dominates. For
θ ¼ π=4, the charged and neutral components of Xð3872Þ
have equal proportions. At θ ¼ π=2, the Xð3872Þ is a
purely charged bound state, consisting solely of a charged
component.
The calculated results indicate that the partial decay

widths contributed from the box loops are one order of

magnitude greater than those from the triangle loops. With
the present model parameters, the decay widths can reach
several tens of keV, smaller than the experimental upper
limit 154.7 keV. We make a simple comparison of our
calculations with other dipionic transitions of the Xð3872Þ
to the charmonia J=ψ or χcJ. The future precise measure-
ments on this process could help us restrict the model
parameters.
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