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Abstract In the present work, we investigate the charmed
meson loops contributions to the pionic transitions from
Zc(4020)+ to the D wave triplets charmonia by using
an effective Lagrangian approach. Our estimations indi-
cate that the predicted branching fraction of Zc(4020)+ →
π+ψ(13DJ ), J = (1, 2, 3) are much smaller than the one
of Zc(4020)+ → π+hc. Thus, searching Zc(4020)± in
the π±ψ(13DJ ) invariant mass distributions is impossible.
Thus, the observed peak structures at 4.04 and 4.13 GeV in
the π±ψ(3770) invariant mass distributions should not come
from the contributions of Zc(4020)±, and further precise
experimental measurements of the e+e− → π+π−ψ(3770)

process are needed to decode the nature of these two peak
structures.

1 Introduction

As the first confirmed charged charmonium-like state,
Z±
c (3900), was firstly observed by the BESIII [1] and Belle

[2] Collaborations in the π± J/ψ invariant mass spectrum
of the process e+e− → π+π− J/ψ at

√
s = 4.260 GeV

one decade ago. Later on, the authors of Ref. [3] further con-
firmed the existence of Z±

c (3900) in the π± J/ψ invariant
mass spectrum of the same process and also reported the first
evidence of Z0

c (3900) in the π0 J/ψ invariant mass spec-
trum of the process e+e− → π0π0 J/ψ by using the data
taken with the CLEO-c detector at

√
s=4.170 GeV. Later,

the neutral partner, Zc(3900)0 was observed in the process
e+e− → π0π0 J/ψ by the BESIII Collaboration [4,5], and
then the isospin triplets of Zc(3900) were established. Using
the data samples of the process e+e− → π+π−π0ηc at√
s = 4.226 GeV, the BESIII Collaboration observed the

evidence of the decay Zc(3900)± → ρ±ηc [6]. Besides
these hidden charm processes, the charmonium-like state

a e-mail: chendy@seu.edu.cn (corresponding author)

Zc(3900) has also been observed in the open charm pro-
cess. In the D∗ D̄ invariant mass distributions of the process
e+e− → π±,0(DD̄∗ + c.c)∓,0, the BESIII Collaboration
further confirmed the existence of Zc(3900) [7–12].

As a cousin of Zc(3900), the charged charmonium-like
state Zc(4020) was firstly observed in the π±hc invariant
mass distributions of the process e+e− → π+π−hc in the
year 2013 [13], and later, its neutral partner, Zc(4020)0

was observed in the π0hc invariant mass distributions of
the process e+e− → π0π0hc [14]. Similar to the case
of Zc(3900), the charmonium like state Zc(4020) has also
been observed in the open charm process. In the year 2014,
the BESIII Collaboration observed the charged Zc(4020)±
in the (D∗ D̄∗)± invariant mass distribution of the process
e+e− → π∓(D∗ D̄∗)± at

√
s = 4.26 GeV [15], later the

neutral one was also observed in the open charm channel
[16].

The experimental analyses of Zc(3900) and Zc(4020)

indicate that their I G(J P ) quantum numbers are 1+(1+).
The isospin triplets nature shows that there are at least four
constituent quarks in both Zc(3900) and Zc(4020), thus,
some tetraquark interpretations have been proposed [17–23].
Moreover, the observed masses of Zc(3900) and Zc(4020)

are in the vicinities of the thresholds of D∗ D̄ and D∗ D̄∗,
respectively, which indicate that Zc(3900) and Zc(4020)

could be good candidates of molecular states composed of
D∗ D̄ + c.c and D∗ D̄∗ [24–39], respectively. However, the
lattice estimations [40] and the phenomenological investiga-
tions in Refs. [41,42] indicated the interaction between D∗ D̄
is not strong enough to form a bound state and the observed
Zc(3900) could be interpreted as a D∗ D̄ resonance. Besides
the resonance interpretations, some kinematical mechanisms
have also been proposed [43–48]. More details of the experi-
mental and theoretical progresses in Zc(3900) and Zc(4020)

can be found in the recent reviews [49–55].
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To date, the nature of the Zc(3900) and Zc(4020) is
still in debate. From the experimental side, searching for
the evidence of Zc(3900) and Zc(4020) in more processes
are essential for decoding their nature. With the accumu-
lation of the experimental data, more channels have been
precisely measured in the electron-positron annihilation pro-
cess by BESIII and Belle Collaborations [56]. For exam-
ple, in the year 2014, the Belle Collaboration reported their
precise measurement of e+e− → π+π−ψ(3686) via ini-
tial state radiation process, and the evidence for a charged
charmonium-like structure at 4.05 GeV was observed in the
π±ψ(3686) intermediate state in the Y (4360) decays [57].
Later, the BESIII Collaboration reported the measurement
of the same process, and in the π±ψ(3686) invariant mass
distribution a charged structure was observed with a mass
m = (4032.1 ± 2.4) MeV [58], but the experimental data
can not be well described with a fixed width in different
kinematic regions.

Moreover, the BESIII Collaboration measured the cross
sections for e+e− → π+π−ψ(3770), and the π±ψ(3770)

invariant distributions were also reported [59]. In the
π±ψ(3770) invariant distributions, the hints for peaks at
4.04 and 4.13 GeV was observed in the

√
s = 4.42 GeV

data with a rather low statistical significance. It should be
noted that the mass of the peak structure at 4.04 GeV is close
to the one of Zc(4020), while the peak at 4.19 GeV could
be considered as the reflection structure of Zc(4020). In this
case, the branching fraction of Zc(4020)± → π±ψ(3770)

should be sizable. However, in the
√
s = 4.26 and 4.36

GeV data where the process e+e− → π±Zc(4020)∓ have
been observed, no Zc(4020) structure is discovered in the
π±ψ(3770) invariant mass distributions with the present
statistics. Thus, the theoretical estimations of the branch-
ing fractions of Zc(4020)+ → π+ψ(3770) may shied light
on the nature of the peaks in the π±ψ(3770) invariant mass
distributions.

In addition, a large data sample of e+e− → π+π−ψ2

(3828)/π0π0ψ2(3842) has also been collected by BESIII
detector in recent years [60,61], which may also pro-
vide us with a good opportunity of searching for charged
charmonium-like states in π±ψ2(3823). Together with
ψ3(3842) observed by LHCb Collaboration [62], the D-
wave spin triplets charmonia have been well established.
Considering the J P quantum numbers conservations and
the kinematical limitation, one finds that Zc(4020) can tran-
sit to ψ(13DJ ), (J = 1, 2, 3) by emitting a pion. Thus,
in the present work, we estimate the branching fractions
of Zc(4020)+ → π+ψ(13DJ ), (J = 1, 2, 3) and dis-
cuss the experimental potential of observing Zc(4020)± in
π±ψ(13DJ ) invariant mass distributions.

This work is organized as follows. After introduction, we
present our estimations of the branching fractions of the pro-
cess Zc(4020)+ → π+ψ(13DJ ) in Sect. 2, where the final

Fig. 1 Diagrams contributing to Zc(4020) → πψ(3770), at the
hadron level, where the momenta of the involved particles are labeled

Fig. 2 Diagrams contributing to Zc(4020) → πψ2(3823) (diagrams
(c) and (d)) and Zc(4020) → πψ3(3842) (diagrams (e)) at the hadron
level

state interactions plays the dominant role. The numerical
results and related discussions are presented in Sect. 3 and
the last section is devoted to a short summary.

2 The hidden charm decays of Zc(4020)

The experimental measurement indicates that Zc(4020)

dominantly decays into D∗ D̄∗ [13,15], the D∗ D̄∗ pair can
transits into a charmonium and a light meson by exchanging
a proper charmed meson, such kind of meson loop mecha-
nism can well reproduce the decay properties of Zc(3900)

and Zc(4020) [32,63,64]. Here, we further extend such
decay mechanism to investigate the processes Zc(4020)+ →
π+ψ(13DJ ), (J = 1, 2, 3). In Figs. 1 and 2, the meson loop
contributing to the relevant decay processes are presented.

2.1 Effective Lagrangians

In the present work, the meson loops are evaluated at the
hadronic level, and the effective Lagrangian approach is
adopted to depict the interactions between the mesons. As
for the interactions between Zc(4020) (hereinafter, Z ′

c refers
to Zc(4020)) and D∗ D̄∗ meson pair, the corresponding effec-
tive Lagrangian can be expressed as,

L = igZ ′
cD

∗D∗εμναβ∂μZ ′ν
c D∗α D̄∗β. (1)

As for the effective interactions relevant to the D wave
charmonia and charmed meson pair, they are constructed
in the heavy quark limit. For the heavy-light mesons, the
wave function should be independent on the flavor and spin
of the heavy quarks in the heavy quark limit, and the heavy
meson can be fully characterized by the light degrees of free-
dom. Motivated by the nonrelativistic quark model, the light
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degrees of freedom can be decomposed as �s� = �� + �sq with
�� and �sq to be the orbital angular momentum and the spin
of light quark, respectively. Each value of s� corresponds to
a degenerated doublets with total spin S = s� ± 1/2 and in
the infinite heavy quark mass limit, the doublet degenerate
in mass. For the S-wave charmed mesons doublets, (D, D∗)
and

(
D̄, D̄∗) can be expressed in the matrix form, which are

[65–68],

H1 = 1 + v/

2

[
D∗μγμ − Dγ5

]

H2 = [
D̄∗μγμ − D̄γ5

] 1 + v/

2
(2)

respectively, and H1,2 satisfy H̄1,2 = γ 0H†
1,2γ

0.
For the heavy quarkonium, the heavy flavor symmetry is

violated in the leading order, while the degeneracy is still
expected under the rotations of the two heavy quark spins,
which allows us to build up multiplets for each value of the
orbital angular momentum. For the D wave charmonia, the
matrix form of the multiplets can be expressed as [65],

J μλ = 1 + v/

2

[
ψ

μαλ
3 γα + 1√

6

(
ψμαβρvαγβψλ

2ρ

+ψλαβρvαγβψ
μ
2ρ

)

+
√

15

10

[(
γ μ − vμ

)
ψλ

1 + (
γ λ − vλ

)
ψ

μ
1

]

− 1√
15

(
gμλ − vμvλ

)
γαψα

1 + ημλ
c γ5

]
1 − v/

2
. (3)

With the above matrix expressions of the heavy light
mesons and the D-wave heavy quarkonia, the leading order
of the effective Lagrangian describing the coupling between
D-wave charmonia and charmed meson pair can be expressed
as [69],

L = ig2Tr

[
J μλ H̄2

↔
∂μγλ H̄1

]
+ H.c.. (4)

After further expanding the above Lagrangian, we can
obtain the specific effective interactions relevant to the cur-
rent calculation, which are,

L = gψ1DDψ
μ
1

(
D∂μD

† − D†∂μD
)

+gψ1DD∗εμναβ
[
D

↔
∂μD

∗†
β − D∗

β

↔
∂μD

†
]
∂νψ1α

+gψ1D∗D∗
[

− 4
(
ψ

μ
1 D∗ν†∂μD

∗
ν − ψ

μ
1 D∗

ν ∂μD
∗ν†

)

+ψ
μ
1 D∗ν†∂νD

∗
μ − ψ

μ
1 D∗ν∂νD

∗†
μ

]

+igψ2DD∗ψμν
2

(
D

↔
∂νD

∗†
μ − D∗

μ

↔
∂νD

†
)

+igψ2D∗D∗εαβμν

[
D∗ν

↔
∂βD∗†

λ − D∗ν†
↔
∂βD∗

λ

]
∂μψαλ

2

+gψ3D∗D∗ψμνα
3

[
D∗

α

↔
∂μD

∗†
ν + D∗

ν

↔
∂μD

∗†
α

]
. (5)

Considering the heavy quark limit and the chiral sym-
metry, the effective interaction related to light pseudoscalar
mesons and charm mesons are constructed as follows [70–
74],

LD(∗)D(∗)P = −igD∗DP
(
Di†∂μPi j D

∗ j
μ − D∗i†

μ ∂μPi j D
j
)

+1

2
gD∗D∗PεμναβD

∗μ†
i ∂νPi j

↔
∂αD∗β

j , (6)

where D = (D0, D+, D+
s ) is the charmed meson triplets

and the concrete expression of the pseudoscalar mesons in
the traceless matrix is,

P =

⎛

⎜
⎜⎜
⎝

√
1
2π0 +

√
1
6η π+ K+

π− −
√

1
2π0 +

√
1
6η K 0

K− K̄ 0 −
√

2
3η

⎞

⎟
⎟⎟
⎠

. (7)

2.2 Decay amplitudes

With the above effective Lagrangians, one can obtain the
amplitudes of Zc(4020)+ → π+ψ(13DJ ) corresponding to
the diagrams in Figs. 1 and 2 are,

Ma = i3
∫

d4q

(2π)4

[
igZ ′

c
εμναβ(−i)pμεν

Z ′
c

]
[igD∗Dπ i p3θ ]

×
[
−gψ1D∗Dερτσξ (−i)

(
pρ

2 − qρ
)
i pτ

4εσ
ψ1

]

−gαθ + pα
1 p

θ
1/m2

1

p2
1 − m2

1

×−gβξ + pβ
2 pξ

2/m2
2

p2
2 − m2

2

1

q2 − m2
q
F

(
q2,m2

q

)
, (8)

Mb = i3
∫

d4q

(2π)4

[
gZ ′

c
εμναβ(−i)pμεν

Z ′
c

]

×
[

1

2
gD∗D∗πεθφκλi p

φ
3 i

(
pκ

1 + qκ
)
]

×
[
gψ1D∗D∗ερ

ψ1

(−4
(
qρ − p2ρ

)
gσξ + qσ gρξ −p2ξ gσρ

)]

×−gαθ + pα
1 p

θ
1/m2

1

p2
1 − m2

1

−gβσ + pβ
2 pσ

2 /m2
2

p2
2 − m2

2

×−gλξ + qλqξ /m2
q

q2 − m2
q

F
(
q2,m2

q

)
,

Mc = i3
∫

d4q

(2π)4

[
igZ ′

c
εμναβ(−i)pμεν

Z ′
c

] [
igD∗Dπ i p3ρ

]

×
[
igψ2D∗Dε

τξ
ψ2

(−i)
(
p2ξ − qξ

)] −gαρ + pα
1 p

ρ
1 /m2

1

p2
1 − m2

1

×−gβ
τ + pβ

2 p2τ /m2
2

p2
2 − m2

2

1

q2 − m2
q
F

(
q2,m2

q

)

Md = i3
∫

d4q

(2π)4

[
igZ ′

c
εμναβ(−i)pμεν

Z ′
c

]
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×
[

1

2
gD∗D∗περτσξ i p

τ
3 i × (

pσ
1 + qσ

)
]

×
[
igψ2D∗D∗εθφκλ

(
gλ
ηgδω

(
pφ

2 − qφ
)

− gλ
ωgδη

(
qφ

−pφ
2

))
pκ

4 εθδ
ψ2

] −gαρ + pα
1 p

ρ
1 /m2

1

p2
1 − m2

1

−gβω + pβ
2 pω

2 /m2
2

p2
2 − m2

2

×−gξη + qξqη/m2
q

q2 − m2
q

F
(
q2,m2

q

)
,

Me = i3
∫

d4q

(2π)4

[
igZ ′

c
εμναβ(−i)pμεν

Z ′
c

] [
1

2
gD∗D∗περτσξ i p

τ
3 i

× (
pσ

1 + qσ
)] [

gψ3D∗D∗εθφκ
ψ3

(−i) (p2θ − qθ )

× (
gκλgφη + gφλgkη

)]

×−gαρ + pα
1 p

ρ
1 /m2

1

p2
1 − m2

1

−gβη + pβ
2 pη

2/m2
2

p2
2 − m2

2

×−gβλ + qξqλ/m2
q

q2 − m2
q

F
(
q2,m2

q

)
. (9)

In the above amplitudes, a form factor F(q2,m2
q) is intro-

duced to reflect the off-shell effect of the exchange mesons
and to make the amplitude convergent in the ultraviolet
region. In the present work, a form factor in the monopole
form is employed, which is,

F
(
q2,m2

q

)
=

(
m2

q − �2

q2 − �2

)2

, (10)

where the parameter � is reparameterized as � = mq +
α�QCD with �QCD = 220 MeV and mq to be the mass of
the exchanged meson. The model parameter α should be of
the order one, However, its concrete value cannot be derived
by the first principle methods [75–78]. In practice, the exact
value of α is usually determined by comparing the experi-
mental measurements with the theoretical estimates. How-
ever, the relevant processes discussed in the present work
have not been measured, thus, we can not direct compare our
estimations with the corresponding experimental measure-
ment. Fortunately, a similar hidden charm decay process,
Zc(4020)+ → π+hc, has been measured, which was inves-
tigated in our previous work [63]. In the present work, we
take Zc(4020)+ → π+hc as a scale to discuss the branching
fractions of Zc(4020)+ → π+ψ(13DJ ), J = (1, 2, 3). For
simplify, the relevant effect Lagrangians and amplitudes for
Zc(4020)+ → π+hc are not presented in this work, more
details can be found in Ref. [63].

In addition, the momentum of the heavy-light meson could
be expressed as pμ = mQvμ + kμ with v to be the heavy
meson velocity and k is the residual momentum, thus, in
the heavy quark limit, the numerator of the propagator for
the vector charmed meson can be scaled as −gμν + vμvν .
To further test the rationality of this approximation, we fur-
ther investigate the same processes with the propagator with-
out any approximation, which is presented in the Appendix

A. Considering that the mass of the charm quark is not
heavy enough, thus, in the present work, the approximation
pμ 	 mQvμ is only adopted in the numerator of the vec-
tor meson propagators, while the momenta of the relevant
charmed meson in the vertexes keep unchanged. It should
be noted that the nonrelativistic treatment of the numerator
of the vector charmed meson propagator consistent with the
heavy quark symmetry. However, as listed in Eqs. (5) and
(6), the effective Lagrangians with Levi-Civita tensor func-
tion have an additional partial differential operator resulted
from vμ, which makes the effective Lagrangian break the
heavy quark symmetry in a certain extend. In particular, this
leads to different asymptotic behavior of the amplitudes in
the ultraviolet region, and the model parameter dependence
for different channels may be a bit different.

With the above amplitudes corresponding the meson loop
diagrams in Figs. 1 and 2, we can obtain the amplitudes for
Zc(4020)+ → π+ψ(13DJ ), which are,

MZ ′
c→ψ(13D1)π

= 2(Ma + Mb),

MZ ′
c→ψ(13D2)π

= 2(Mc + Md),

MZ ′
c→ψ(13D3)π

= 2Me, (11)

where the factor 2 comes from the charge symmetry. Then
the decay widths of Zc(4020)+ → π+ψ(13DJ ) could be
estimated by

�(Z ′
c → ψJπ) = 1

3

1

8π

| �p|
m2

Z ′
c

∣∣∣MZ ′
c→ψ(13DJ )π

∣∣∣
2
, (12)

where �p denotes the momentum of daughter particles in the
initial rest frame.

3 Numerical results and discussion

3.1 Coupling constants

So far, Zc(4020) has only been observed in the D∗ D̄∗ and
πhc channels. At

√
s = 4.26 GeV, the Born cross sections

for e+e− → π±(D∗ D̄∗)∓ are measured to be (137±9±15)

pb and the fraction from the quasi-two body cascade decay
process e+e− → π±Zc(4020)∓ → π±(D∗ D̄∗)∓ was mea-
sured to be 0.65 ± 0.09 ± 0.06 [15], while the cross sections
for the quasi-two body process e+e− → π±Zc(4020)∓ →
π+π−hc was measured to be (7.4 ± 1.7 ± 2.1) pb [13].
Then, the ratio of the widths of Zc(4020) → D∗ D̄∗ and
Zc(4020) → hcπ is estimated to be,

�[Zc(4020) → D∗ D̄∗]
�[Zc(4020) → hcπ ] = 12.0 ± 3.68 ± 3.48. (13)

With the central values of the estimated ratio and the width of
Zc(4020), one can find the central value of �[Zc(4020) →
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D∗ D̄∗] is about 12 MeV by assuming that Zc(4020) domi-
nantly decays into D∗ D̄∗ and πhc. By comparing the width
of Zc(4020) → D∗ D̄∗ estimated by the effective Lagrangian
in Eq. (1) and the one deduced by the experimental measure-
ments, one can obtain the coupling constant gZ ′

c
=1.13 [56].

In the heavy quark limit, the coupling constants of the
D−wave charmonia and the charmed meson pair satisfy,

gψ1DD = −2g2

√
15

3
√
mψ1mDmD,

gψ1DD∗ = g2

√
15

3

√
mDmD∗/mψ1 ,

gψ1D∗D∗ = −g2

√
15

15
√
mψ1mD∗mD∗ ,

gψ2DD∗ = 2g2

√
3

2
√
mψ2mDmD∗ ,

gψ2D∗D∗ = 2g2

√
1

6

√
mD∗mD∗/mψ2 ,

gψ3D∗D∗ = 2g2
√
mψ3mD∗mD∗ , (14)

where g2 is a gauge coupling and its value can be estimated
by the measured width of ψ(3770) → DD̄, which is g2 =
1.39 GeV−3/2.

Considering the heavy quark limit and chiral symmetry,
we can obtain that the coupling constants related to the pion
meson satisfy,

gD∗Dπ = 2g

fπ

√
mD∗mD,

gD∗D∗π = 2g

fπ
. (15)

with fπ = 132MeV to be the decay constant of pion meson,
g = 0.55, which was determined by using the partial width
of D∗ → Dπ [56].

3.2 Decay width of Zc(4020)+ → π+hc

With the above preparations, All the relevant parameters
have been fixed expect for the model parameter α, which
is introduced by the form factor in the amplitudes. In the
present work, we try to determine the parameter range by
reproducing the width of Zc(4020)+ → π+hc. With the
assumption that Zc(4020) dominantly decay into D∗ D̄∗ and
πhc and the measured ratio in Eq. (13), we find that the
partial width of Zc(4020)+ → π+hc is (0.72 ∼ 1.63)

MeV. As shown in Fig. 3, by comparing with our estima-
tions with the data extracted from experimental measure-
ments, we find that the estimated results overlap with the
experimental data in the α range of 1.34−1.87. With this
parameter range, we can further discuss the decay processes
Zc(4020)+ → π+ψ(13DJ ), J = (1, 2, 3).

Fig. 3 The width of Zc(4020)+ → π+hc depending on the model
parameter α. The yellow horizontal band is the partial width extracted
from the experimental measurements, while the cyan vertical band is
the α range determined by the partial width of Z ′

c → hc + π

3.3 Branching fractions of
Zc(4020)+ → π+ψ(13DJ ), J = (1, 2, 3)

In the present work, we take Zc(4020)+ → π+hc as
a scale, and discuss the decay width of Zc(4020)+ →
π+ψ(13DJ )), J = (1, 2, 3) in the same model parameter
range. With the centered value of the width of Zc(4020)+, we
can further estimate the branching fractions of Zc(4020)+ →
π+ψ(13DJ ), J = (1, 2, 3) depending on the model
parameter α. The branching fractions of Zc(4020)+ →
π+ψ(13DJ ), J = (1, 2, 3) depending on the model
parameter α are presented in Fig. 4. From the figure one
can find that the branching fractions for Zc(4020)+ →
π+ψ(13DJ ), J = (1, 2, 3) increase with the model parame-
ter α. With the parameter range determined by Zc(4020)+ →
π+hc, we find that the branching fractions of Zc(4020)+ →
π+ψ(13DJ ), J = (1, 2, 3) are,

B[Zc(4020)+ → ψ(3770)π+] = (3.03 − 6.17) × 10−4

B[Zc(4020)+ → ψ2(3823)π+] = (2.28 − 3.04) × 10−4

B[Zc(4020)+ → ψ3(3842)π+] = (2.10 − 3.37) × 10−5,

(16)

expected from the power counting, which are much smaller
than the one of Zc(4020)+ → π+hc.

As shown in Fig. 4, the branching fractions for Zc(4020)+
→ π+ψ(13DJ ), J = (1, 2, 3) and Zc(4020)+ → π+hc
are predicted with large uncertainties, but all these branch-
ing fractions increase with the model parameter α, thus, one
can expect the ratios of these branching fractions should
be weakly dependent on the model parameter α. Thus, we
can further discuss the experimental potential of observing
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Fig. 4 The branching fractions of Zc(4020)+ → π+ψ(13DJ ) (left
panel) and the ratio R of Eq. (17) (right panel) depending on the model
parameter α

Zc(4020)+ → π+ψ(13DJ ), J = (1, 2, 3) by the ratios of
the branching fractions of Zc(4020)+ → π+ψ(13DJ ), J =
(1, 2, 3) and Zc(4020)+ → π+hc, which are estimated to
be,

r1 = B
[
Zc(4020)+ → π+ψ(3770)

]

B
[
Zc(4020)+ → π+hc

] = (4.92 − 5.46) × 10−3,

r2 = B
[
Zc(4020)+ → π+ψ2(3823)

]

B
[
Zc(4020)+ → π+hc

] = (2.42 − 4.12) × 10−3,

r3 = B
[
Zc(4020)+ → π+ψ3(3842)

]

B
[
Zc(4020)+ → π+hc

] = (2.98 − 3.80) × 10−4,

(17)

in the considered parameter range. From the above estima-
tion, one can find that the ratios are estimated to be of the
order of 10−4 or 10−3.

To further test the dependences of the form factor and the
approximation of the propagators, we further estimated the
branching fractions of Zc(4020)+ → π+ψ(13DJ ), J =
(1, 2, 3) with a full propagator for the vector charmed
mesons and a form factor in the form as shown in Eq. (A1).
As indicated in Ref. [63], the parameter range determined
by Zc(4020)+ → π+hc is 2.07 ∼ 2.75, with this
parameter range, the branching fractions of Zc(4020)+ →
π+ψ(13DJ ), J = (1, 2, 3) are estimated, which are listed
in Eq. (A2). Our estimations indicate that branching frac-
tions of Zc(4020)+ → π+ψ2(3823) and Zc(4020)+ →
π+ψ3(3842) estimated in two kinds of form factor are very
similar, while the one of Zc(4020)+ → π+ψ(3770) are
a bit different. Additionally, the ratios of Zc(4020) →
π+ψ(13DJ ), J = (1, 2, 3) and Zc(4020)+ → π+hc are
estimated to be of the order of 10−4, 10−3 and 10−2 for
ψ3(3842), ψ2(3823) and ψ(3770), respectively.

3.4 Power counting analysis of the meson loops

Besides the above estimations, we can also perform a power
counting analysis to discuss the meson loops contribu-
tions [79? ,80]. In the following, we take Zc(4020)+ →
π+ψ(3770) and Zc(4020)+ → π+hc as examples. In the
diagrams of Fig. 1, both the D(∗) D̄(∗)π and ψ(3770)D∗ D̄(∗)

vertices have a P-wave coupling, while the Zc couples to the
D(∗) D̄(∗) in a S-wave. According to the power counting, the
amplitudes from the diagrams in Fig. 1 scale as

AA ∼ NA
v5
A �q2

A

(v2
A)3m2

D

= NA
�q2
A

vAm2
D

, (18)

where NA collects all the constant factors, e.g., the coupling
constants, the loop geometrical factor and the normalization
factors, and a factor of 1/m2

D withmD being the charm meson
mass is introduced to balance the dimension of �q2.

As for Zc(4020)+ → π+hc, the diagrams could be
obtained by replacing the ψ(3770) with hc in Fig. 1. In this
case, both the ZcD∗ D̄∗ and hcD∗ D̄(∗) vertices have a S-wave
coupling, while the π couples to the D(∗) D̄(∗) in P-wave. As
a result, the corresponding amplitudes scale as,

AB ∼ NB
v5
B �qB

(v2
B)3mD

= NB
�qB

vBmD
, (19)

where NB collects all the constant factors, and a factor of
1/mD is introduced to balance the dimension of �q .

With the amplitude scalings presented in Eqs. (18) and
(19), we roughly estimate the ratio of the meson loop con-
tributions for the processes Zc(4020)+ → π+ψ(3770) and
Zc(4020)+ → π+hc, which is

AA

AB
∼ �q2

A

mD �qB = 0.05, (20)

assuming NA ∼ NB which is reasonable as long as all the
couplings take natural values. The branching fractions ratio
for Zc(4020)+ → ψ(3770)π+ and Zc(4020)+ → hcπ+ is
proportional to the (AA/AB)2, which is comparable with the
estimated r1 in Eq. (17).

In conclusion, our estimations indicate that the branching
fractions of Zc(4020)+ → π+ψ(13DJ ), J = (1, 2, 3) are
rather small, and searching Zc(4020)+ in the π+ψ(13DJ ),

J = (1, 2, 3) invariant mass distributions are rather diffi-
cult. Thus, the peak structures around 4.04 and 4.13 GeV
in the π±ψ(3770) invariant mass distributions of e+e− →
π+π−ψ(3770) process at

√
s = 4.42 GeV should not come

from the contributions of Zc(4020). Further precise experi-
mental measurements of the e+e− → π+π−ψ(3770) pro-
cess are needed to decode the nature of the peak structures
at 4.04 and 4.13 GeV in the π±ψ(3770) invariant mass dis-
tributions.
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4 Summary

About one decade ago, the BESIII Collaboration reported
two near thresholds charmonium like states, Zc(3900) and
Zc(4020). However, their internal structure have not been
well decoded until now. Searching for more decay and pro-
duction process will help us to reveal the nature of these
charmonium-like states. With the accumulation of the exper-
imental data, the BESIII Collaboration have observed the
cross sections for e+e− → π+π−ψ(3770) and e+e− →
π+π−ψ2(3823)/π0π0ψ2(3823). The hints for the peaks at
4.04 and 4.13 GeV has been observed in the π±ψ(3770)

invariant mass distributions. Inspired by the observations
of BESIII Collaboration, we investigate charmed meson
loop contributions to the decay process of Zc(4020)+ →
π+ψ(13DJ ), J = (1, 2, 3) by using an effective Lagrangian
approach in the present work.

Our estimations indicate that the branching fractions of
Zc(4020)+ → π+ψ(13DJ ), J = (1, 2, 3) are of the
order of 10−4 for ψ(3770) and ψ2(3823), and of 10−5 for
ψ3(3843), respectively. Thus, we can conclude that searching
Zc(4020)± in the π±ψ(13DJ ), J = (1, 2, 3) invariant mass
distributions of the e+e− → π+π−ψ(13DJ ), J = (1, 2, 3)

process should be impossible. Hence the peak structures
at 4.04 GeV and 4.19 GeV in the π±ψ(3770) invariant
mass distributions should not come from the contribution of
Zc(4020)±, and further precise experimental measurements
of the e+e− → π+π−ψ(3770) process are needed to decode
the nature of these two peak structures.

Before the end of this work, it is worth mentioning that in
the present estimation we connect the final πψ(13DJ ), J =
(1, 2, 3) with Zc(4020) via charmed meson loops, where
Zc(4020) has strong coupling with D∗ D̄∗. Such kinds of
meson loop mechanism should play the dominant role in
the hidden charm decays of Zc(4020) in the molecular sce-
nario, while in the tetraquark picture, Zc(4020) could directly
decay into hidden charm states via the rearrangement of the
four constituent quarks, which should be the major con-
tributions to the hidden charm decays of Zc(4020). Thus,
the success of meson loop mechanism in the hidden charm
decays of Zc(4020) could shed light on the molecular nature
of Zc(4020) in a certain extend.
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Appendix A: The estimations with full form propagator
for vector charmed mesons

In Ref. [63], a full form of the propagator for the vector
charmed-meson is adopted. To avoid the divergence in the
ultraviolet region, a form factor in the form,

F
(
q2,m2

q

)
=

(
m2

q − �2

q2 − �2

)3

, (A1)

is introduced in the amplitudes.
In Ref. [63], the branching fraction of Zc(4020)+ →

π+hc has been estimated with the meson loop mechanism
and the partial width could be well reproduce in the param-
eter range 2.07 < α < 2.75. With the above form fac-
tor, the branching fractions of Zc(4020)+ → π+ψ(13DJ )

are estimated, which are presented in Fig. 5. In the same
model parameter range, one gets the branching fractions of
Zc(4020)+ → ψ(13DJ )π

+ are

B ′[Zc(4020)+ → π+ψ(13D1)] = (1.00 − 1.90) × 10−3

B ′[Zc(4020)+ → π+ψ(13D2)] = (2.86 − 3.73) × 10−4

B ′[Zc(4020)+ → π+ψ(13D3)] = (1.89 − 3.30) × 10−5.

(A2)

Fig. 5 The branching fractions of Zc(4020)+ → π+ψ(13DJ ) (left
panel) and the ratio defined in Eq. (A3) (right panel) depending on the
model parameter α
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The ratios of the branching fractions for Zc(4020)+ →
π+ψ(13DJ ) and Zc(4020) → π+hc are estimated to be,

r ′
1 = B [Zc(4020) → ψ(3770)π ]

B [Zc(4020) → hcπ ]
= (1.51 − 1.81) × 10−2,

r ′
2 = B [Zc(4020) → ψ2(3823)π ]

B [Zc(4020) → hcπ ]
= (2.97 − 5.17) × 10−3,

r ′
3 = B [Zc(4020) → ψ3(3842)π ]

B [Zc(4020) → hcπ ]
= (2.62 − 3.42) × 10−4.

(A3)
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