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In this work, we predict two charged charmonium-like structures close to theD∗D̄ and D∗D̄∗ thresholds,
where the Initial Single Pion Emission mechanism is introduced in the hidden-charm dipion decays of higher
charmoniaψ(4040),ψ(4160),ψ(4415) and charmonium-like stateY(4260). We suggest BESIII to search for
these structures in theJ/ψπ+, ψ(2S )π+ andhb(1P)π+ invariant mass spectra of theψ(4040) decays intoJ/ψπ+π−,
ψ(2S )π+π− andhb(1P)π+π−. In addition, the experimental search for these structuresin theJ/ψπ+, ψ(2S )π+ and
hc(1P)π+ invariant mass spectra of theψ(4260) hidden-charm dipion decays will be accessible at Belle and
BaBar.

PACS numbers: 13.25.Gv, 14.40.Pq, 13.75.Lb

I. INTRODUCTION

In the past years, experimentalist has made big progress on
the search for the charmonium-like states, the so-called XYZ
states, in theB meson decay, thee+e− collision, theγγ fusion
process, which have aroused extensive interest in revealing the
underlying properties of the observed charmonium-like states
(see Refs. [1–5] for a review). The study of charmonium-like
states is a research field full of challenges and opportunities in
hadron physics.

Very recently the Belle Collaboration [6] reported two
chargedZb structures around 10610 MeV and 10650 MeV by
studying theΥ(nS )π+ (n = 1, 2, 3) andhb(mP)π+ (m = 1, 2)
invariant mass spectra ofΥ(5S ) → Υ(nS )π+π−, hb(mP)π+π−

hidden-bottom decay channels (see Refs. [7–17] for theoret-
ical progress). In Ref. [17], we proposed the Initial Single
Pion Emission (ISPE) mechanism to explain the observedZb

structures. By emitting a pion,Υ(5S ) decays intoB(∗) andB̄(∗)

mesons with low momentum. Then,B(∗) andB̄(∗) mesons in-
teract with each other by exchangingB(∗) meson and transit
intoΥ(nS )π+ or hb(mP)π+. Here, two structures near theBB∗

andB∗B∗ thresholds appear in theΥ(nS )π+ andhb(mP)π+ in-
variant mass spectra, which could correspond toZb(10610)
andZb(10650) [6].

Just indicated in Ref. [17], if the ISPE mechanism is an
universal mechanism existing in heavy quarkonium decay, we
can naturally extend such physical picture to study hidden-
charm decays of higher charmonia due to the similarity be-
tween charmonium and bottomonium families, and predict
some novel phenomena similar to theZb structures.

In Particle Data Book [18], six vector charmonia are estab-
lished well, which areJ/ψ, ψ(2S ),ψ(3770),ψ(4040),ψ(4160)
andψ(4415). Among these charmonia, onlyψ(4040),ψ(4160)
andψ(4415) are higher than the thresholds ofDD̄, DD̄∗ and
D∗D̄∗. Thus, we study the hidden-charm decays ofψ(4040),
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ψ(4160) andψ(4415) via the ISPE mechanism.
In this work, we will study the hidden-charm decays

of Y(4260), which is an important charmonium-like state
observed by the BaBar Collaboration in thee+e− →
γIS RJ/ψπ+π− process [19]. A nonresonant explanation for
Y(4260) was proposed in Ref. [20], where theY(4260) struc-
ture can be reproduced by the interference of production am-
plitudes of thee+e− → J/ψπ+π− processes via directe+e−

annihilation and through intermediate charmoniaψ(4160) and
ψ(4415) [20]. SinceY(4260) can be related to charmonia
ψ(4160) andψ(4415), studyingY(4260) hidden-charm decays
through the ISPE mechanism is an intriguing issue.

This work is organized as follows. After the Introduction,
we illustrate the hidden-charm dipion decays of higher char-
monia under the ISPE mechanisms. In Sec. III, the numerical
results are presented. The last section is the discussion and
conclusion.

II. THE HIDDEN-CHARM DECAYS OF HIGHER
CHARMONIA

A. The ISPE mechanism

With ψ(4040)→ J/ψπ+π− as an example, we first illustrate
the possible decay mechanisms in the dipion hidden-charm
decay of higher charmonium. As indicated in Refs. [21–23],
ψ(4040) can directly decay intoJ/ψπ+π−. The QCD Multi-
pole Expansion method [21–23] is applied to calculate such
direct decay process. The second mechanism is that the dip-
ion is from the intermediate scalar (σ(600), f0(980)) or tensor
( f2(1270)) meson, where the hadronic loops constructed by
the D(∗) mesons could be as a bridge to connectψ(4040) and
J/ψπ+π− (see Ref. [24] for more details).

The remaining decay mechanism existing in the hidden-
charm dipion decays of higher charmonia is the ISPE mecha-
nism, which was first proposed in Ref. [17]. By the quark-
level diagram we give an explicit description (left-side di-
agram in Fig. 1) of the ISPE mechanism inψ(4040) →
J/ψπ+π− decay. The physical picture is that with a pion
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emissionψ(4040) first dissolves intoD(∗) and D̄(∗) mesons
with low momentum, which further turn intoJ/ψπ+. Here,
D(∗)D̄(∗) → J/ψπ+ transition occurs via exchangingD(∗) me-
son [17].

An equivalent hadron-level description is also presented in
the right-side diagram of Fig. 1, which can be as an effective
approach for dealing with the practical calculations.

c

c̄

q̄

q

c

c̄

q

q̄

Quark Level

⇐⇒

π−

ψ(4040)

Hadron Level

D(∗)+

D̄(∗)0
D(∗)0

π+

J/ψ

+ · · ·

FIG. 1: (Color online.) The quark-level (left-side diagram) and
hadron-level (right-side diagram) descriptions of the ISPE mecha-
nism existing in the hidden-charm decays of higher charmonia.

B. Effective Lagrangian and coupling constant

We adopt effective Lagrangian approach to calculate these
hadron-level diagrams listed in Fig. 1. Here, the effective La-
grangians involved in the interaction vertexes in Fig. 1 include
[25–27]

LψD(∗)D(∗)π

= −igψDDπε
µναβψµ∂νD∂απ∂βD̄ + gψD∗Dπψ

µ(DπD̄∗µ + D∗µπD̄)

−igψD∗D∗πε
µναβψµD∗ν∂απD̄∗β − ihψD∗D∗πε

µναβ∂µψνD
∗
απD̄∗β,

LD∗D(∗)π

= igD∗Dπ(D∗µ∂
µπD̄ − D∂µπD̄∗µ) − gD∗D∗πε

µναβ∂µD∗νπ∂αD̄∗β,

LψD(∗)D(∗)

= igψDDψµ(∂µDD̄ − D∂µD̄) − gψD∗Dε
µναβ∂µψν(∂αD∗βD̄

+D∂αD̄∗β) − igψD∗D∗
{

ψµ(∂µD∗νD̄∗ν − D∗ν∂µD̄∗ν)

+(∂µψνD
∗ν − ψν∂µD∗ν)D̄∗µ + D∗µ(ψν∂µD̄∗ν − ∂µψνD̄∗ν)

}

,

LhcD(∗)D(∗)

= ghcD∗Dhµc (D̄∗µD + D∗µD̄) + ighcD∗D∗ε
µναβ∂µhcνD

∗
αD̄∗β.

The values of the coupling constants can be determined by
the relations

gψDD = gψD∗D∗
mD

m∗D
= gψD∗Dmψ

√

mD

m∗D
=

mψ

fψ
,

ghcDD∗ = −2g1
√

mhc mDmD∗ , ghcD∗D∗ = 2g1
mD∗√

mhc

,

gD∗D∗π =
gD∗Dπ√
mDmD∗

=
2g
fπ
, g1 = −

√

mχc0

3
1

fχc0

,

where fψ = 0.416 GeV andfχc0 = 0.297 GeV are the decay
constants ofψ andχc0, respectively. In addition,fχc0 ≃ 0.51

GeV can be approximately determined by the QCD sum rule
approach [27]. With the measured branching ratio ofD∗ →
Dπ by CLEO-c [28] andfπ = 132 MeV, one getsg = 0.59
[29].

In Table. I, we list the concrete values of the coupling con-
stants.

TABLE I: The values of the coupling constants involved in thecal-
culations.

DD D∗D D∗D∗

J/ψ 7.44 2.49 8.00
ψ(2S ) 12.39 3.49 13.33

hc - 15.211 −4.47
π - 17.31 8.94

C. Decay Amplitudes

With these Lagrangians just listed above, we write out the
decay amplitude for the dipion transition betweenψ(4040)
andJ/ψ.
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D∗+

D̄0
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ψ(4040)
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J/ψ
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FIG. 2: (Color online.) The hadron-level diagrams forψ(4040)→
J/ψπ+π− decays withD∗D̄ + h.c as the intermediate states.

When only considering the intermediateD∗D̄ + h.c. con-
tributions toψ(4040)→ J/ψπ+π−, there are twelve diagrams
just shown in Fig. 2. Among these diagrams, there are only six
independent diagrams if consideringS U(2) symmetry, i.e.,
Fig. 2 (i) can be transferred into Fig. 2 (i+6) (i = 1, · · · , 6)
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by transformationsD(∗)+
⇋ D̄(∗)0 andD(∗)−

⇋ D(∗)0. Thus,
the total decay amplitude forψ(4040)→ J/ψπ+π− with the
intermediateD∗D̄ + h.c. contributions are expressed as

M[ψ(4040)→ J/ψπ+π−]D∗D̄+h.c. = 2
∑

i=1,··· ,6
M(i)

D∗D̄+h.c.
, (1)

where factor 2 reflectsS U(2) symmetry mentioned above.
The subscriptD∗D̄ + h.c. denotes thatψ(4040)→ J/ψπ+π−

occurs via the intermediateD∗D̄ + h.c.. The expressions of
decay amplitudesM(i)

D∗D̄+h.c.
(i = 1, 2, 3) read as

M(1)
D∗ D̄+h.c.

= (i)3
∫

d4q
(2π)4

[gψD∗Dπǫ
µ

ψ][ igD∗D∗π(iP
ρ

4)]

×[−igJ/ψD∗D∗ǫ
ν
J/ψ((−iqν + ip2ν)gθφ + (iP5φ + iqφ)gνθ

−(ip2θip5θ)gνφ)]
1

p2
1 − m2

D

−gφµ + p1µpφ1/m
2
D∗

p2
2 − m2

D∗

×
−gθρ + qρqθ/m2

D∗

q2 − m2
D∗

F 2(q2), (2)

M(2)
D∗ D̄+h.c.

= (i)3
∫

d4q
(2π)4

[gψD∗Dπǫ
µ

ψ][ igD∗Dπ(−ipρ4)]

×[igJ/ψDDǫ
ν
J/ψ(ip2ν − iqν)]

−gµρ + p1µp1ρ/m2
D∗

p2
1 − m2

D∗

× 1

p2
2 − m2

D

1

q2 − m2
D

F 2(q2), (3)

M(3)
D∗ D̄+h.c.

= (i)3
∫

d4q
(2π)4

[gψD∗Dπǫ
µ

ψ][−gD∗D∗πε
θφδτ(iqθ)

×(−ipδ1)][−gJ/ψD∗Dε
ρναβ(ip5ρ)ǫJ/ψν(−iqα)]

×
−gµτ + p1µp1τ/m2

D∗

p2
1 − m2

D∗

1

p2
2 − m2

D

×
−gβφ + qβqφ/m2

D∗

q2 − m2
D∗

F 2(q2), (4)

which correspond to the dipion transitions betweenψ(4040)
and J/ψ with a initial single pion (π−) emission. M(4)

D∗D̄+h.c.
,

M(5)
D∗D̄+h.c.

and M(6)
D∗D̄+h.c.

can be obtained byM(1)
D∗D̄+h.c.

,

M(2)
D∗D̄+h.c.

and M(3)
D∗D̄+h.c.

respectively if making the replace-

mentp3⇋ p4 in Eqs. (2)-(4). Here,M( j)
D∗D̄+h.c.

( j = 4, 5, 6) are
decay amplitudes of the dipion transitions betweenψ(4040)
andJ/ψ with a initial single pion (π+) emission.

We also present the decay amplitude ofψ(4040) →
J/ψπ+π− via the intermediateD∗D̄∗.

M[ψ(4040)→ J/ψπ+π−]D∗D̄∗ = 2
∑

α=1,··· ,4
M(α)

D∗D̄∗
. (5)

We list all diagrams contributing toψ(4040)→ J/ψπ+π− in
Fig. 3. Among these eight eight diagrams, Fig. 2 (α) can be
obtained by Fig. 2 (α + 4) (α = 1, · · · , 4) if making the trans-
formationsD(∗)+

⇋ D̄(∗)0 andD(∗)−
⇋ D(∗)0, which results in

factor 2 in Eq. (5) due toS U(2) symmetry.
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π+
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FIG. 3: (Color online.) The hadron-level diagrams forψ(4040)→
J/ψπ+π− decays withD∗D̄∗ as the intermediate states.

The decay amplitudesM(1)
D∗ D̄∗

andM(2)
D∗ D̄∗

are expressed as

M(1)
D∗D̄∗
= (i)3

∫

d4q
(2π)4

[−igψD∗D∗πε
µραβǫψµ(ip3α)

−ihψD∗D∗πε
αµρβǫψµ(−ip0α)][ igD∗Dπ(−ip4λ)]

×[−gJ/ψD∗Dεδνθφ(ipδ5)ǫνJ/ψ(−ipθ2)]
−gλρ + p1ρpλ1/m

2
D∗

p2
1 − m2

D∗

×
−gφ

β
+ p2βpφ2/m

2
D∗

p2
2 − m2

D∗

1

q2 − m2
D

F 2(q2), (6)

M(2)
D∗D̄∗
= (i)3

∫

d4q
(2π)4

[−igψD∗D∗πε
µραβǫψµ(ip3α)

−ihψD∗D∗πε
αµρβǫψµ(−ip0α)][−gD∗D∗πε

δτθφ(−ip1δ)(iqθ)]

×[−igJ/ψD∗D∗ǫ
ν
J/ψ((−iqν + ip2ν))gωλ + (ip5ω + iqω)gνλ

+(−ip2λ − ip5λ)gνω]
−gρτ + p1ρp1τ/m2

D∗

p2
1 − m2

D∗

×
−gω

β
+ p2βpω2 /m

2
D∗

p2
2 − m2

D∗

−gλφ + qφqλ/m2
D∗

q2 − m2
D∗

F 2(q2). (7)

Thus, by Eqs. (6) and (7) we can easily obtain decay ampli-
tudesM(3)

D∗ D̄∗
andM(4)

D∗D̄∗
corresponding to Fig. 3 (3) and (4),

where the transformationp3⇋ p4 is performed.

In the following, we extend the same framework to study
the dipion transition betweenψ(4040) andhc(1P). By re-
placing J/ψ with hc(1P) in Fig. 2 (1), (3), (4), (6), (7), (9),
(10) and (12) and Fig. 3, we obtain all diagrams relevant to
ψ(4040)→ hc(1P)π+π− decay. The total decay amplitudes of
ψ(4040)→ hc(1P)π+π− via D∗D̄ + h.c. andD∗D̄∗ are

M[ψ(4040)→ hc(1P)π+π−]D∗D̄+h.c. = 2
∑

β=1,··· ,4
A(β)

D∗D̄+h.c.
,(8)

M[ψ(4040)→ hc(1P)π+π−]D∗D̄∗ = 2
∑

κ=1,··· ,4
A(κ)

D∗D̄∗
, (9)
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respectively, where the concrete amplitude expressions are

A(1)
D∗D̄+h.c.

= (i)3
∫

d4q
(2π)4

[gψD∗D∗πǫ
µ

ψ]

×[igD∗Dπ(−ipρ4)][ ighcD∗D∗εδνθφ(ipδ5)ǫ
ν
hc

]
1

p2
1 − m2

D

×
−gφµ + p2µpφ2/m

2
D∗

p2
2 − m2

D∗

−gθρ + qρqθ/m2
D∗

q2 − m2
D∗

F 2(q2), (10)

A(2)
D∗D̄+h.c.

= (i)3
∫

d4q
(2π)4

[gψD∗D∗πǫ
µ

ψ][−gD∗D∗πεθφδτ(iqθ)

×(−ipδ1)][ghcD∗Dǫhcν]
−gµφ + p1µpφ1/m

2
D∗

p2
1 − m2

D∗

× 1

p2
2 − m2

D

−gντ + qνqτ/m2
D∗

q2 − m2
D∗

F 2(q2), (11)

and

A(1)
D∗D̄∗
= (i)3

∫

d4q
(2π)4

[−igψD∗D∗πεµραβǫ
µ

ψ(ipα3 − ipα0)]

×[igD∗Dπ(−ip4λ)][ghcD∗Dǫhcν]
−gρλ + pρ1pλ1/m

2
D∗

p2
1 − m2

D∗

×
−gβν + pβ2pν2/m

2
D∗

p2
2 − m2

D∗

1

q2 − m2
D

F 2(q2), (12)

A(2)
D∗D̄∗
= (i)3

∫

d4q
(2π)4

[−igψD∗D∗πεµραβǫ
µ

ψ(ipα3 − ipα0)]

×[−gD∗D∗πǫδτθφ(−ipδ1)(iqθ)][ ighcD∗D∗εκνλω(ipκ5)ǫνhc
]

×
−gρτ + pρ1pτ1/m

2
D∗

p2
1 − m2

D∗

−gβω + pβ2pω2 /m
2
D∗

p2
2 − m2

D∗

×
−gφλ + qφqλ/m2

D∗

q2 − m2
D∗

F 2(q2). (13)

After performing the transformationp3 ⇋ p4, A(1)
D∗D̄+h.c.

,

A(2)
D∗D̄+h.c.

, A(1)
D∗D̄∗

andA(2)
D∗D̄6∗ can be transferred intoA(3)

D∗D̄+h.c.
,

A(4)
D∗D̄+h.c.

, A(3)
D∗D̄∗

andA(4)
D∗D̄6∗ respectively.

In the above expressions of decay amplitudes,F (q2) de-
notes the monopole form factor, which is taken asF (q2) =
(Λ2 − m2

E)/(q2 − m2
E). Here, mE is the mass of the ex-

changed meson while the phenomenological parameterΛ

can be parameterized asΛ = mE + βΛQCD with ΛQCD =

220 MeV. Such monopole form factor is introduced to de-
scribe the structure effects of the interaction vertexes as well
as the off-shell effects of the exchanged charmed mesons
for D(∗)D̄(∗) → J/ψπ±, hc(1P)π± transitions inψ(4040) →
J/ψπ+π−, hc(1P)π+π− decays.

The differential decay width forψ(4040)→ J/ψπ+π− reads
as

dΓ =
1
3

1
(2π)3

1

32m3
ψ(4040)

|M2|dm2
J/ψπ+dm2

π+π− (14)

with m2
J/ψπ+ = (p4 + p5)2 and m2

π+π− = (p3 + p4)2, where
the overline indicates the average over the polarizations of

the ψ(4040) in the initial state and the sum over the polar-
ization of J/ψ(4040) in the final state. ReplacingmJ/ψπ+ with
mψ(2S )π+ or mhc(1P)π+ , we obtain the differential decay width for
ψ(4040)→ ψ(2S )π+π− or ψ(4040)→ hc(1P)π+π−.

When studying the hidden-charm dipion decay of other
higher charmoniaψ(4160), ψ(4415) and charmonium-like
stateY(4260), we only need to replace the relevant coupling
constants and the masses in the formulism of theψ(4040) de-
cays.

III. NUMERICAL RESULT

In this work, we are mainly concerned with the line shapes
of the differential decay widths ofψ(4040),ψ(4160),ψ(4415)
and charmonium-like stateY(4260) decays intoJ/ψπ+π−,
ψ(2S )π+π− andhc(1P)π+π−, which are dependent on the in-
variant mass spectra ofJ/ψπ+, ψ(2S )π+ andhc(1P)π+. Thus,
we set the coupling constants ofψD(∗)D̄(∗)π as 1 in our cal-
culation. Besides these coupling constants listed in Table. I,
other input parameters are the masses involved in our calcula-
tion, which are taken from Particle Data Book [18].

In Fig. 4, we present the results ofdΓ/dmJ/ψπ+,
dΓ/dmψ(2S )π+ and dΓ/dmhc(1P)π+ of ψ(4040), ψ(4160),
ψ(4415), Y(4260) decays into J/ψπ+π−, ψ(2S )π+π−,
hc(1P)π+π−.

1. There exit sharp peak structures close to theD∗D̄
threshold and the corresponding reflections in the distri-
butions ofdΓ/dmJ/ψπ+ , dΓ/dmψ(2S )π+ anddΓ/dmhc(1P)π+

of ψ(4040) → J/ψπ+π−, ψ(4040) → ψ(2S )π+π−

and ψ(4040) → hc(1P)π+π− decays. We no-
tice that this structure appearing indΓ(ψ(4040) →
J/ψπ+π−)/dmJ/ψπ+ is not obvious comparing with the
structure indΓ(ψ(4040) → ψ(2S )π+π−)/dmψ(2S )π+ or
dΓ(ψ(4040)→ hc(1P)π+π−)/dmhc(1P)π+ distribution.

2. Two sharp peaks appear in thedΓ(ψ(4160) →
J/ψπ+π−)/dmJ/ψπ+ and dΓ(ψ(4160) →
hc(1P)π+π−)/dmhc(1P)π+ distributions, which are
close theD∗D̄ threshold. The structure in theJ/ψπ+

invariant mass spectrum is more narrow than that in the
hc(1P)π+ invariant mass spectrum.

3. In the hidden-charm dipion decays ofψ(4415), we find
two sharp peak structures around theD∗D̄ and D∗D̄∗

thresholds appearing in theJ/ψπ+ invariant mass spec-
tra. In addition, a sharp peak close theD∗D̄∗ threshold is
observed in thehc(1P)π+ invariant mass spectrum dis-
tribution. In thedΓ(ψ(4415)→ ψ(2S )π+π−)/dmψ(2S )π+

distribution, a peak nearD∗D̄∗ with its reflection form a
broad structure. Under the ISPE mechanism, the inter-
mediateD∗D̄ can result in a very broad structure in the
hc(1P)π+ invariant mass spectrum distribution.

4. There exist the sharp peaks close toD∗D̄ thresh-
old in the dΓ(ψ(4260) → J/ψπ+π−)/dmJ/ψπ+ and
dΓ(ψ(4260) → hc(1P)π+π−)/dmhc(1P)π+ distribu-
tions, the structures aroundD∗D̄∗ threshold in
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FIG. 4: (Color online.) The invariant mass spectra ofJ/ψπ+, ψ(2S )π+ andhc(1P)π+ for theψ(4040),ψ(4160),ψ(4415) andY(4260) decays
into J/ψπ+π−, ψ(2S )π+π− andhc(1P)π+π−. Here, the solid, dashed correspond to the results considering intermediateDD̄∗ + h.c. andD∗D̄∗

respectively in Fig. 1. The vertical dashed lines and the dotted lines denote the threshhold ofD∗D̄ andD∗D̄∗ respectively. Here, the maximum
of the line shape is normalized to 1.

the dΓ(ψ(4260) → ψ(2S )π+π−)/dmψ(2S )π+ and
dΓ(ψ(4260) → hc(1P)π+π−)/dmhc(1P)π+ distributions.
The peak close theD∗D̄ threshold and its reflection
overlap with each each to form a broad structure in the
hcπ
+ invariant mass spectrum.

We need to specify that the result presented in Fig. 4 are
obtained by takingβ = 1. Our study shows that the line
shapes in Fig. 4 are weakly dependent on the values ofβ. With
ψ(4415)→ hcπ

+π− as an example, in Fig. 5 we illustrate the
β dependence ofdΓ(ψ(4415)→ hc(1P)π+π−)/dmhc(1P)π+ dis-
tribution, where the line shapes corresponding toβ = 1, 2, 3
remain almost unchanged.

IV. DISCUSSION AND CONCLUSION

In this work, we study the line shapes of the differential de-
cay widths ofψ(4040),ψ(4160),ψ(4415) and charmonium-
like state Y(4260) decays intoJ/ψπ+π−, ψ(2S )π+π− and
hc(1P)π+π−, where the ISPE mechanism is introduced. Fur-
thermore, we predict the sharp peak structures close toD∗D̄
and D∗D̄∗ thresholds appearing the correspondingJ/ψπ+π−,
ψ(2S )π+ andhc(1P)π+ invariant mass spectra.

3.7 3.8 3.9 4.0 4.1 4.2 4.3
0.0

0.5

1.0

  = 1
 = 2
  = 3

mhcπ
+

FIG. 5: (Color online.) The dependence ofdΓ(ψ(4415) →
hc(1P)π+π−)/dmhc(1P)π+ distribution on β. Here, ψ(4415) →
hc(1P)π+π− occurs via the intermediateD∗D̄ + h.c.

The ISPE mechanism plays crucial role to form these novel
charged charmonium-like structures in the hidden-charm dip-
ion decays of higher charmonia. To some extent, these pre-
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dicted structures are the charmonium analogue of two newly
observedZb structures in the hidden-bottom dipion decays of
Υ(5S ) [6].

We suggest further experimental search for these pre-
dicted charmonium-like structures close to theD∗D̄ andD∗D̄∗

thresholds. Recently, BESIII has stated accumulatingψ(4040)
data with an aim to search for higher charmonia and the
charmonium-like states [30]. Our result shows the charged
structures around theD∗D̄ threshold in theJ/ψπ+, ψ(2S )π+

andhb(1P)π+ invariant mass spectra ofψ(4040) decays into
J/ψπ+π−, ψ(2S )π+π− andhb(1P)π+π−, which are accessible
at BESIII and could be considered in future studies.

Since these charged charmonium-like structures also exist
in theJ/ψπ+, ψ(2S )π+ andhb(1P)π+ invariant mass spectra of
ψ(4260) hidden-charm dipion decays, carrying out the search
for them will be an important and intriguing research topic,

especially at Belle and BaBar.

Acknowledgment

X.L. would like to thank Chang-Zheng Yuan for suggestive
discussion. This project is supported by the National Natural
Science Foundation of China under Grants Nos. 10705001,
No. 11005129, No. 11035006, No. 11047606, the Ministry of
Education of China (FANEDD under Grant No. 200924, DP-
FIHE under Grant No. 20090211120029, NCET under Grant
No. NCET-10-0442, the Fundamental Research Funds for the
Central Universities), and the West Doctoral Project of Chi-
nese Academy of Sciences.

[1] E. S. Swanson, Phys. Rept.429, 243 (2006) [arXiv:hep-
ph/0601110].

[2] S. L. Zhu, Int. J. Mod. Phys. E17, 283 (2008) [arXiv:hep-
ph/0703225].

[3] S. Godfrey and S. L. Olsen, Ann. Rev. Nucl. Part. Sci.58, 51
(2008) [arXiv:0801.3867 [hep-ph]].

[4] M. Nielsen, F. S. Navarra and S. H. Lee, Phys. Rept.497, 41
(2010) [arXiv:0911.1958 [hep-ph]].

[5] N. Brambilla et al., Eur. Phys. J. C71, 1534 (2011)
[arXiv:1010.5827 [hep-ph]].

[6] I. Adachi et al. [Belle Collaboration], arXiv:1105.4583 [hep-
ex].

[7] Y. R. Liu, X. Liu, W. Z. Deng and S. L. Zhu, Eur. Phys. J. C56,
63 (2008) [arXiv:0801.3540 [hep-ph]].

[8] X. Liu, Z. G. Luo, Y. R. Liu and S. L. Zhu, Eur. Phys. J. C61,
411 (2009) [arXiv:0808.0073 [hep-ph]].

[9] A. E. Bondar, A. Garmash, A. I. Milstein, R. Mizuk and
M. B. Voloshin, arXiv:1105.4473 [hep-ph].

[10] D. Y. Chen, X. Liu and S. L. Zhu, arXiv:1105.5193 [hep-ph].
[11] J. R. Zhang, M. Zhong and M. Q. Huang, arXiv:1105.5472

[hep-ph].
[12] Y. Yang, J. Ping, C. Deng and H. S. Zong, arXiv:1105.5935

[hep-ph].
[13] D. V. Bugg, arXiv:1105.5492 [hep-ph].
[14] I. V. Danilkin, V. D. Orlovsky and Yu. A. Simonov,

arXiv:1106.1552 [hep-ph].
[15] T. Guo, L. Cao, M. Z. Zhou and H. Chen, arXiv:1106.2284

[hep-ph].

[16] Z. F. Sun, J. He, X. Liu, Z. G. Luo and S. L. Zhu,
arXiv:1106.2968 [hep-ph].

[17] D. Y. Chen and X. Liu, arXiv:1106.3798 [hep-ph].
[18] K. Nakamuraet al. [Particle Data Group], J. Phys. G37, 075021

(2010).
[19] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett.95,

142001 (2005) [arXiv:hep-ex/0506081].
[20] D. Y. Chen, J. He and X. Liu, Phys. Rev. D83, 054021 (2011)

[arXiv:1012.5362 [hep-ph]].
[21] Y. P. Kuang and T. M. Yan, Phys. Rev. D24, 2874 (1981).
[22] T. M. Yan, Phys. Rev. D22, 1652 (1980).
[23] V. A. Novikov and M. A. Shifman, Z. Phys. C8, 43 (1981).
[24] D. Y. Chen, J. He, X. Q. Li and X. Liu, arXiv:1105.1672 [hep-

ph].
[25] Y. S. Oh, T. Song and S. H. Lee, Phys. Rev. C63, 034901 (2001)

[arXiv:nucl-th/0010064].
[26] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto,

F. Feruglio and G. Nardulli, Phys. Rept.281, 145 (1997)
[arXiv:hep-ph/9605342].

[27] P. Colangelo, F. De Fazio and T. N. Pham, Phys. Lett. B542,
71 (2002) [arXiv:hep-ph/0207061].

[28] A. Anastassovet al. [CLEO Collaboration], Phys. Rev. D65,
032003 (2002) [arXiv:hep-ex/0108043].

[29] C. Isola, M. Ladisa, G. Nardulli and P. Santorelli, Phys. Rev. D
68, 114001 (2003) [arXiv:hep-ph/0307367].

[30] http://english.ihep.cas.cn/prs/ns/201105/t2011051169672.html.


