
Selected strong decay modes of Yð4260Þ
Yubing Dong,1,2 Amand Faessler,3 Thomas Gutsche,3 and Valery E. Lyubovitskij3,4

1Institute of High Energy Physics, Beijing 100049, P. R. China
2Theoretical Physics Center for Science Facilities (TPCSF), CAS, Beijing 100049, P. R. China

3Institut für Theoretische Physik, Universität Tübingen, Kepler Center for Astro and Particle Physics,
Auf der Morgenstelle 14, D–72076 Tübingen, Germany

4Department of Physics, Tomsk State University, 634050 Tomsk, Russia
(Received 29 October 2013; published 18 February 2014)

In the present work the Yð4260Þ resonance is considered as a weakly bound state of a pseudoscalar D
and an axial D1 charm meson. We consider the two-body decay Yð4260Þ → Zcð3900Þ� þ π∓,
where Zcð3900Þ� is treated as hadron molecule as well. Moreover we compute the Yð4260Þ decay
modes J=ψπþπ−, recently observed by the BESIII Collaboration, and ψð2SÞπþπ−. In the last process both
the contact diagram with DD1 → ψðnSÞπþπ− and the resonance diagram with DD1 → Zcð3900Þ� þ
π∓ → ψðnSÞπþπ− are taken into account.
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I. INTRODUCTION

The recent observation by three collaborations—BESIII
[1], Belle [2] and CLEO-c [3]—of the new resonance
Zcð3900Þ�, and its neutral partner Zcð3900Þ0 by CLEO-c
[3], stimulated several studies of this state originating in
different theoretical structure assumptions. Since the
observed state can be charged and carries intrinsic charm,
the main proposition rests on an interpretation either as a
hadronic molecular or as a tetraquark state [4,5].
Zcð3900Þ�;0 states can also play a role in the decay

dynamics of the Yð4260Þ, which is also considered as a
resonance outside the usual charmonium spectrum.
This resonance was first observed by BABAR [6] and later
confirmed by the CLEO-c [7] and Belle [8] Collaborations.
In the literature different interpretations of the structure of
this state were considered (for an overview, see e.g.
Ref. [9]): molecular assignment—DD1ð2420Þ molecular
state [9–11], J=ψKK̄ bound state [12], χcρ [13] or χcω
molecular state [14], charmonium interpretation [15],
tetraquark [16,17], mixed charmonium-tetraquark state
[18], nonresonant explanation of the Yð4260Þ state (inter-
ference of ψð4160Þ and ψð4415Þ charmonia states) [19],
hybrid cc̄g [20], hybrid mesons (mixing of cc̄ and cc̄g)
[21], and baryonium Λþ

c Λ−
c bound state [22]. Note that in

the coupled-channel model proposed in [23], it was noticed
that there is no pole associated with the Yð4260Þ state.
In addition, the production and decay of Yð4260Þ via
eþe− → Yð4260Þ → J=ψπþπ− was also studied in
Ref. [24]. The study of this reaction chain can be an
important check for the inner structure of the intermediate
state Yð4260Þ.
Based on the hadronic molecular scenario, in Ref. [5] we

considered the Zcð3900Þ and a possible Zc
0ð3950Þ. In a

phenomenological Lagrangian approach [25–31], we stud-
ied the strong decay widths for Zcð3900Þ� → ψðnSÞ þ π�

or hcðmPÞ þ π�. To set up the bound state structure of
the composite state we use the compositeness condition
[32–34] which is the key ingredient of our approach. In
Refs. [33,34] and [25–31], it was proved that this condition
is an important and successful quantum field theory tool for
the study of hadrons and exotic states as bound states of
their constituents. Here we adopt a hadronic molecular
structure for the Yð4260Þ state, where the composition is
made up of the pseudoscalar Dð1870Þ and the axial
D1ð2400Þ charm mesons.
In this work we analyze the strong two-body decay

Yð4260Þ → Zcð3900Þ� þ π∓ and the three-body decays
Yð4260Þ → J=ψ þ πþπ− and Yð4260Þ → ψð2sÞ þ πþπ−
by using the same phenomenological Lagrangian approach
developed in Refs. [25–30]. The states Zcð3900Þ and
Yð4260Þ are considered as molecular states. In particular,
we consider the Zcð3900Þ� as hadronic molecules as was
previously discussed in Refs. [4]. Zcð3900Þ� together with
the neutral partner Zcð3900Þ0 form the isospin triplet with
the spin and parity quantum numbers JP ¼ 1þ,

jZI
cð3900Þi ¼

1

2
jD̄�τIDþ D̄τID�i; I ¼ þ;−; 0: (1)

We also consider the Yð4260Þ state as a isosinglet molecu-
lar state,

jYð4260Þi ¼ 1

2
jD̄1Dþ D̄D1i; (2)

with JP ¼ 1−. Here D ¼ ðDþ; D0Þ, D� ¼ ðD�þ; D�0Þ,
D1 ¼ ðDþ

1 ; D
0
1Þ are the doublets of pseudoscalar, vector

and axial-vector D mesons; τ�;0 are the isospin matrices
defined in terms of the triplet of Pauli matrices τi as

PHYSICAL REVIEW D 89, 034018 (2014)

1550-7998=2014=89(3)=034018(7) 034018-1 © 2014 American Physical Society

http://dx.doi.org/10.1103/PhysRevD.89.034018
http://dx.doi.org/10.1103/PhysRevD.89.034018
http://dx.doi.org/10.1103/PhysRevD.89.034018
http://dx.doi.org/10.1103/PhysRevD.89.034018


τ� ¼ 1ffiffiffi
2

p ðτ1∓iτ2Þ; τ0 ¼ τ3: (3)

This paper is organized as follows. In Sec. II we briefly
review the basic ideas of our approach and show the
effective Lagrangians for our calculations. Then, in Sec. III,
we proceed to estimate the widths of the strong two-body
Yð4260Þ → Zcð3900Þ� þ π∓ and three-body Yð4260Þ →
ψðnSÞ þ πþπ− decays. For the last case we explicitly
include the decay amplitude Yð4260Þ → Z�

c ð3900Þπ∓ →

ψðnSÞπþπ−. In our analysis we approximately take into
account the mass distribution of the Yð4260Þ state. Finally,
we present our numerical results and compare to recent
limits set by experiment.

II. BASIC MODEL INGREDIENTS

Our approach to the possible hadron molecules Zcð3900Þ
and Yð4260Þ is based on interaction Lagrangians describing
the coupling of the respective states to their constituents,

LZc
ðxÞ ¼ g

Zc

2
MZc

Z⃗c
μðxÞ

Z
d4yΦZc

ðy2ÞðD̄�
μðxþ y=2Þτ⃗Dðx − y=2Þ þ D̄ðx − y=2Þτ⃗D�

μðxþ y=2ÞÞ;

LYðxÞ ¼
g
Y

2
MYYμðxÞ

Z
d4yΦYðy2ÞðD̄1μðxþ y=2ÞDðx − y=2Þ þ D̄ðx − y=2ÞD1μðxþ y=2ÞÞ; (4)

where Z⃗cτ⃗ ¼ Zþ
c τ

− þ Z−
c τ

þ þ Z0
cτ

3; y is a relative Jacobi
coordinate, and g

Zc
and g

Y
are dimensionless coupling

constants of Zcð3900Þ and Yð4260Þ to the molecular D̄D�
and D̄D1 components, respectively. Here, ΦHðy2Þ
(H ¼ Y; Zc) is the correlation function which describes
the distributions of the constituent mesons in the bound
states. A basic requirement for the choice of an explicit
form of the correlation function ΦHðy2Þ is that its Fourier
transform vanishes sufficiently fast in the ultraviolet region
of Euclidean space to render the Feynman diagrams ultra-
violet finite. For simplicity we adopt a Gaussian form for
the correlation functions. The Fourier transform of this
vertex function is given by

~ΦHðp2
E=Λ

2
HÞ≐ expð−p2

E=Λ
2
HÞ; (5)

where pE is the Euclidean Jacobi momentum. ΛH stand for
the size parameters characterizing the distribution of the
two constituent mesons in the Zcð3900Þ and Yð4260Þ
systems.
From our previous analyses of strong two-body decays

of X; Y; Z meson resonances interpreted as hadron mole-
cules and of the Λcð2940Þ, Σcð2880Þ baryon states we
deduced a value of about Λ ∼ 1 GeV [30]. For a very
loosely bound system like the Xð3872Þ, a size parameter of
Λ ∼ 0.5 GeV [29] is more suitable. Once the size param-
eters and the masses of the bound state systems are chosen,

the respective coupling constants g
H
are determined by the

compositeness condition [25,30,32–34]. It implies that the
renormalization constant of the hadron wave function is set
equal to zero with

ZH ¼ 1 − Σ0
HðM2

HÞ ¼ 0: (6)

Here, Σ0
H is the derivative of the transverse part of the mass

operator Σμν
H of the molecular states (see Fig. 1), which is

defined as

Σμν
H ðpÞ ¼ gμν⊥ ΣHðpÞ þ

pμpν

p2
ΣL
HðpÞ;

gμν⊥ ¼ gμν − pμpν

p2
: (7)

The explicit expression for the coupling constant
gH ðH ¼ Y; ZcÞ resulting from the compositeness
condition is

g−2H ¼ M2
H

Λ2
H

Z
∞

0

dαdβ
16π2Δ2

Rðα; βÞ
�
1þ Λ2

H

2M2
2Δ

�

× exp
�
− 1

Λ2
H

�
Rðα; βÞM2

H þ αM2
1 þ βM2

2

��
: (8)

FIG. 1 (color online). Mass operators of Zcð3900Þ and Yð4260Þ.
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In the previous equation we use the notation

Δ ¼ 2þ αþ β; Rðα; βÞ ¼ ð2ωþ αÞ2
Δ

−
�
2ω2 þ α

�
;

(9)

where ω ¼ M2

M1þM2
, ðM1;M2Þ ¼ ðMD;MD� Þ for H ¼ Zc

and ðMD;MD1
Þ for H ¼ Y, respectively.

In the calculation we use for the Yð4260Þ, the mass
MY ¼ 4250� 9 MeV and width ΓY ¼ 108� 12 MeV
[35]. The mass of the Zcð3900Þ is expressed in terms of
the constituent meson masses and the binding energy ϵZc

as

MZc
¼ MD0 þMD�0 − ϵZc

: (10)

Note that ϵZc
is a variable quantity in our calculations,

which we vary from 0.5 to 5 MeV. Once the mass of the
composite state Zc is fixed, the value for the coupling of

Zcð3900Þ to DD� can be extracted from the compositeness
condition. Values for this coupling in dependence on the
binding energy ϵZc

and the cutoff ΛZc
are shown in Table I.

Note that the dependence of gZc
on the binding energy is in

agreement with the scaling law of hadronic molecules
found in Ref. [26]: gZc

∼ ϵ1=4Zc
. Moreover, for the central

mass value of the Yð4260Þ, the couplings of Yð4260Þ to
DD1 are 7.85 for ΛY ¼ 0.5 GeV and 6.25 for
ΛY ¼ 0.75 GeV, respectively.
The diagram contributing to the two-body decays

Yð4260Þ → Zcð3900Þ þ π is shown in Fig. 2. The diagrams
contributing to the Yð4260Þ → ψðnSÞ þ πþπ− transition
are drawn in Fig. 3: the contact diagram [Fig. 3(a)] and the
resonance diagram [Fig. 3(b)]. For the Yð4260Þ decays, as
presented by the diagrams of Figs. 2 and 3, additional
dynamical input is needed. To calculate the two-body
decays Yð4260Þ → Zcð3900Þ þ π (Fig. 2) and the reso-
nance diagram corresponding to the transition Yð4260Þ →
Z�
c ð3900Þ þ π∓ → J=ψπþπ− [see Fig. 3(b)], we use the

phenomenological Lagrangian for the D1 → D�π coupling
with

LD1D�π ¼
g
D1

2
ffiffiffi
2

p D̄μν
1 π⃗τ⃗D�

μν þ H:c:; (11)

where Dμν
1 and D�

μν are the stress tensors of D1 and D�
mesons. The coupling g

D1
can be estimated by considering

the decay width of D1ð2420Þ → D�þ þ π− of ∼20 MeV
(see details in Ref. [28]), which is 2=3 of the totalD1ð2420Þ
width. Then one gets g

D1
≃ 0.49 GeV−1.

For the evaluation of the contact diagram in Fig. 3(a), we
also need the DD1π

þπ−ψ interaction Lagrangian. Such a
vertex is derived from a phenomenological Lagrangian
recently proposed in Ref. [5] in the analysis of the

(a)

(b)

FIG. 3 (color online). Diagrams contributing to the Yð4260Þ →
ψðnSÞ þ π� decay: (a) contact diagram, (b) Zcð3900Þ resonance
diagrams.

FIG. 2 (color online). Diagram contributing to the Yð4260Þ →
Zcð3900Þ þ π decay.

TABLE I. Results for the coupling constant gZc
depending on

ϵZc
and ΛZc

.

ϵZc
in MeV

ΛZc
in GeV 0.5 1 2.5 5

0.5 2.2 2.3 2.6 3.1
0.75 2.1 2.2 2.5 2.9

TABLE II. Decay widths for Yð4260Þ → Zcð3900Þþ þ π− in
MeV.

ðΛZc
;ΛYÞ in GeV

ϵZc
in MeV (0.5,0.5) (0.5,0.75) (0.75,0.5) (0.75,0.75)

0.5 3.1 2.7 3.1 2.9
1 3.1 2.7 3.2 3.0
2.5 3.3 2.9 3.4 3.2
5 3.4 3.1 3.7 3.6
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two-body decays Zþ
c ðZ0þ

c Þ → H þ πþ, where H ¼ ψðnSÞ,
hcðmPÞ with

Lπþπ−DD1ψ ¼
ig

DD1

F2
πMH

JμνD̄1μDϵijkπi∂νπj; g
DD1

¼0.6: (12)

In the evaluation of Fig. 3(b) the subprocess Z�
c →

ðDD�Þ� → ψðnSÞ þ π� is treated as worked out
in Ref. [5].

III. DECAY MODES AND RESULTS

The two-body decay width for the transition Yð4260Þ →
Zcð3900Þ þ π described in Fig. 2 is given by

Γ2 ¼
Z

MYþ3ΓY

M
Zc

þMπ

dmYfðmYÞ
jpðmYÞj
24πm2

Y

X
pol

jMinv;2ðMYÞj2; (13)

where jpðmYÞj ¼ λ1=2ðm2
Y;M

2
Zc
;M2

πÞ=ð2mYÞ is the magni-
tude of the three-momentum of outgoing particles in the
rest frame of the Yð4260Þ state,

λðx; y; zÞ ¼ x2 þ y2 þ z2 − 2xy − 2yz − 2xz (14)

is the Källen function and Minv;2 is the corresponding
invariant matrix element. We consider the finite width of
the Yð4260Þ by setting up a mass distribution fðmYÞ in the
form [37,38]

fðmYÞ ¼

8>>>>>>>>>>><
>>>>>>>>>>>:

0; mY < Mthr

1
4A0

· Γ2
Y

ðmY−MYÞ2þ1
4
Γ2
Y
· mY−Mthr
MY−ΓY−Mthr

; Mthr < mY < MY − ΓY

1
4A0

· Γ2
Y

ðmY−MYÞ2þ1
4
Γ2
Y
; MY − ΓY < mY < MY þ ΓY

1
4A0

· Γ2
Y

ðmY−MYÞ2þ1
4
Γ2
Y
· MYþ3ΓY−mY

2ΓY
; MY þ ΓY < mY < MY þ 3ΓY

0; MY þ 3ΓY < mY:

(15)

The lowest strong decay threshold is denoted by Mthr ¼
MJ=ψ þ 2Mπ ≃ 3.376 GeV, and A0 is a normalization
constant such that

Z
∞

0

dmYfðmYÞ ¼ 1: (16)

In Eq. (13) we average the available phase space over the
mass distribution of the Yð4260Þ; while the matrix element
is evaluated at the central mass value of 4250 MeV. This
procedure will capture the major features of the mass
distribution of the Yð4260Þ.
The three-body decay width related to the process of

Fig. 3 is evaluated as

Γ3 ¼
Z

MYþ3ΓY

ψðnSÞþ2Mπ

dmY
fðmYÞ

768π3m3
Y

×
Z ðmY−m1Þ2

ðm2þm3Þ2
ds2

Z
sþ
1

s−
1

ds1
X
pol

jMinv;3ðMYÞj2; (17)

where p1;2;3 and m1;2;3 are the momenta and masses of
the three outgoing particles, s1 ¼ ðp1 þ p2Þ2 and s2 ¼
ðp2 þ p3Þ2 are the Mandelstam variables,

s�1 ¼ m2
1 þm2

2 − 1

2s2
ððs2 −m2

Y þm2
1Þðs2 þm2

2 −m2
3Þ

∓λ1=2ðs2; m2
Y; m

2
1Þλ1=2ðs2; m2

2; m
2
3ÞÞ: (18)

Again, the invariant matrix element of the three-body decay
is simply denoted byMinv;3ðMYÞ, which is estimated at the
central Yð4260ÞmassMY ¼ 4250 MeV. The calculation of
phase space includes the mass distribution of the Yð4260Þ.
The evaluation of the invariant matrix elements in both the
two- and three-body decay is standard and not explicitly
written out. The calculational technique is, for example,
discussed in detail in Ref. [5].
The diagram contributing to the two-body decay

Yð4260Þ → Zcð3900Þ þ π is shown in Fig. 2.
Numerical results for ΓðYð4260Þ → Zcð3900Þþ þ π−Þ,
which are of the order of a few MeV, are given both
in Table II and Fig. 4. In our calculations we use two
different values for the cutoff parameters ΛY and ΛZc

—
0.5 and 0.75 GeV. The dependence of the decay width on
the size parameter is only moderate. A larger binding
energy ϵZc

leads to an increase in phase space and hence
in the decay width.
In Tables III and IV we present our numerical results for

the widths of both decay modes involving J=ψ and ψð2SÞ
(in brackets). Results are given for different values of the Zc
binding energy and of the respective size parameters
ΛY and ΛZc

. In the calculation of the Zc resonance
contribution, the propagator of Zc state is described by a
Breit-Wigner form, where we have used a constant width
ΓZc

in the imaginary part, i.e. we have used

DZc
ðq2Þ ¼ 1

M2
Zc

− q2 − iMZc
ΓZc

: (19)
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We consider two results for ΓZc
including error bars:

46� 10� 20 MeV—according to BESIII [1] (see
Table III)—and 63� 24� 26 MeV—the result of the
Belle Collaboration [2] (see Table IV). The results for
the sole contribution of the contact diagram in Fig. 3(a) are
shown in Table V.
For completeness we also plot our results for the three-

body decays in Figs. 5–7. In particular, in Fig. 5 we plot the
ratio R of resonance diagram [Fig. 3(b)] to total contribution
(Fig. 3) to the decay width Yð4260Þ → J=ψ þ πþπ− as a
function of the binding energy ϵZc

¼ 0.5–5 MeV and for
different cutoff parameters ΛY ¼ 0.5, 0.75 GeV. The two
horizontal lines atR¼0.201 andR ¼ 0.378 define the lower
and upper limit set by data of the Belle Collaboration [2],

R ¼ BrðYð4260Þ → Z�
c π

∓ÞBrðZ�
c → J=ψπ�Þ

BrðYð4260Þ → J=ψπþπ−Þ
¼ ð29:0� 8.9Þ%: (20)

As is evident from Fig. 5, the ratio R is rather sensitive to
explicit values of the binding energy ϵZc

and the choice of
size parameters. The present range of values set by Belle can
be reproduced in the calculation for restricted values of the
varied quantities. In Figs. 6 and 7 we plot the total
contributions to the decay rates of Yð4260Þ → J=ψπþπ−

1 2 3 4 5

ε
Z

c
(MeV)

2

3

4

5

Γ(
M

eV
)

(ΛZc
,ΛY)=(0.5,  0.5) GeV

(ΛZc
,ΛY)=(0.5, 0.75) GeV

(ΛZc
,ΛY)=(0.75, 0.5) GeV

(ΛZc
,ΛY)=(0.75,0.75) GeV

Y(4260)-->Zc(3900)
+
+π−

MY=4.250 GeV

FIG. 4. Decay width Yð4260Þ → Zcð3900Þþ þ π− as function
of binding energy ϵZc

¼ 0.5 − 5 MeV and for different cutoff
parameters ΛY ¼ 0.5, 0.75 GeV.

1 2 3 4 5

ε
Z

c
(MeV)

0

20

40

60

80

R
(%

)

(ΛZc
,ΛY)=(0.5, 0.75) GeV

(ΛZc
,ΛY)=(0.5,  0.5) GeV

(ΛZc
,ΛY)=(0.75, 0.5) GeV

(ΛZc
,ΛY)=(0.75,0.75) GeV

FIG. 5 (color online). Ratio R of the resonance diagram
contribution in Fig. 3(b) to the total one (Fig. 3) for the decay
width Yð4260Þ → J=ψ þ πþπ− as function of the binding energy
ϵZc

¼ 0.5 − 5 MeV and for different cutoff parameters ΛY ¼ 0.5,
0.75 GeV. The two horizontal lines at R ¼ 0.201 and R ¼ 0.378
define the lower and upper limit of data from the Belle
Collaboration [2].

TABLE III. Yð4260Þ → J=ψðψð2SÞÞ þ πþπ− decay widths in
MeV. Predictions for the mode with ψð2SÞ are given in brackets.
For total width of Zcð3900Þ; we use BESIII data ΓZc

¼ 46�
10� 20 MeV [1].

ðΛZc
;ΛYÞ in GeV

ϵZc
in MeV (0.5,0.5) (0.5,0.75) (0.75,0.5) (0.75,0.75)

0.5 0.3−0.01þ0.01 0.8−0.01þ0.01 0.4−0.02þ0.07 0.8−0.01þ0.03

(0.2−0.01þ0.04) (0.4−0.02þ0.05) (0.2−0.03þ0.09) (0.5−0.04þ0.10)
1 0.3−0.01þ0.02 0.8−0.01þ0.01 0.4−0.02þ0.09 0.8−0.01þ0.06

(0.2−0.02þ0.04) (0.4−0.02þ0.05) (0.2−0.04þ0.1 ) (0.5−0.04þ0.1 )
2.5 0.4−0.01þ0.6 0.8−0.01þ0.04 0.4−0.04þ0.2 0.8−0.03þ0.1

(0.2−0.02þ0.07) (0.4−0.03þ0.07) (0.3−0.05þ0.1 ) (0.5−0.06þ0.2 )

5 0.4−0.06þ0.2 0.9−0.04þ0.2 0.5−0.1þ0.4 0.9−0.08þ0.4

(0.3−0.05þ0.1 ) (0.5−0.05þ0.2 ) (0.3−0.08þ0.3 ) (0.6−0.08þ0.2 )

TABLE IV. Yð4260Þ → J=ψðψð2SÞÞ þ πþπ− decay widths in
MeV. Predictions for the mode with ψð2SÞ are given in brackets.
For total width of Zcð3900Þ; we use Belle data
(63� 24� 26 MeV) [2].

ðΛZc
;ΛYÞ in GeV

ϵZc
in MeV (0.5,0.5) (0.5,0.75) (0.75,0.5) (0.75,0.75)

0.5 0.3−0.01þ0.01 0.8−0.01þ0.01 0.3−0.01þ0.06 0.8−0.01þ0.02

(0.3−0.01þ0.04) (0.4−0.01þ0.05) (0.2−0.02þ0.09) (0.4−0.03þ0.1 )
1 0.3−0.01þ0.02 0.8−0.01þ0.01 0.4−0.01þ0.08 0.8−0.01þ0.04

(0.3−0.01þ0.04) (0.4−0.02þ0.05) (0.2−0.03þ0.1 ) (0.4−0.03þ0.1 )
2.5 0.3−0.01þ0.05 0.8−0.01þ0.02 0.4−0.02þ0.2 0.8−0.01þ0.1

(0.2−0.02þ0.06) (0.4−0.02þ0.07) (0.2−0.03þ0.1 ) (0.2−0.04þ0.2 )
5 0.4−0.03þ0.2 0.8−0.02þ0.2 0.5−0.06þ0.4 0.9−0.04þ0.3

(0.2−0.03þ0.1 ) (0.5−0.04þ0.2 ) (0.3−0.05þ0.2 ) (0.5−0.06þ0.2 )

TABLE V. Contribution of the contact diagram in Fig. 3(a) to
ΓðYð4260Þ → J=ψðψð2SÞÞ þ πþπ−Þ in MeV.

Mode ΛY ¼ 0.5 GeV ΛY ¼ 0.75 GeV

Yð4260Þ → J=ψ þ πþπ− 0.26 0.64
Yð4260Þ → ψð2SÞ þ πþπ− 0.12 0.30
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and Yð4260Þ → ψð2SÞπþπ−. In Fig. 6 we indicate the
horizontal line ΓðYð4260Þ → J=ψπþπ−Þ ¼ 0.508 MeV
corresponding to the lower limit for this decay rate extracted
from data of Ref. [36]. From this constraint and from data for
the ratio R we estimate that the lower limit of ΓðYð4260Þ →
Z�
c π

∓ → J=ψπþπ−Þ is larger than 100 keV. Using the last
constraint and the results for the ratio R, we conclude that for
a favored value of ΛY ¼ 0.75 GeV we deduce a lower limit
of ΓðYð4260Þ → J=ψπþπ−Þ > 0.8 MeV. Our results for
the favored value of ΛY ¼ 0.75 GeV and including the
variation of the cutoff parameter ΛZc

and of the binding
energy ϵZc

can be summarized as

ΓðYð4260Þ → Z�
c ð3900Þ þ π∓Þ ¼ 3.15� 0.45 MeV;

ΓðYð4260Þ → J=ψ þ πþπ−Þ ¼ 1� 0.20 MeV;

ΓðYð4260Þ → ψð2SÞ þ πþπ−Þ ¼ 0.55� 0.15 MeV:

(21)

In summary, using a phenomenological Lagrangian
approach, we give predictions for the two- and three-body
decay rates Yð4260Þ → Z�

c ð3900Þ þ π∓ and Yð4260Þ →
ψðnSÞ þ πþπ− for n ¼ 1, 2. Our results for the two-body
decays are in the order of several MeV. For the Yð4260Þ
three-body decay with a charged pion pair, we estimated
both contact and Zcð3900Þ-resonance contributions, and
the decay rate varies from several hundred keV to a few
MeV. Both the background and Zcð3900Þ contributions
are explicitly shown. We expect that the quantitative

predictions given here can serve as a further test for the
molecular interpretation of the Yð4260Þ and can be mea-
sured in forthcoming experiments.
In further work we plan to estimate other strong and also

radiative decay modes of the Yð4260Þ state. In particular,
the following decay modes of the Yð4260Þ state can be
analyzed: strong decay modes with two heavy charm
mesons DD, DD� or D�D� in the final state, the strong
decay modes with a hc state, and radiative decays
Yð4260Þ → Z0

cðXð3872ÞÞ þ γ. Special attention will be
paid to an analysis of other possible hidden charm
resonances [in addition to Zcð3900Þ] with spin-parities
0�; 1� and with a mass in the interval 3900–4100 MeV, all
contributing to the total width of the Yð4260Þ state.
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and ΛY ¼ 0.5, 0.75 GeV. The horizontal line ΓðYð4260Þ →
J=ψ þ πþπ−Þ ¼ 0.508 GeV corresponds to the lower limit
deduced from data in Ref. [36].
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