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In the present work, the hidden-charm decays of Y (4390) are investigated in a D*D| + H.c. molecular
scenario. We find in this frame the observation of the ¥(4390) in the ete™ — z"z~h, process and the
absence of this state in the ete™ — zx~J/y process are very natural. The partial width of ¥(4390) —
7zt~ h, could reach up to 1.26 MeV, which is large enough to be observed. The result also indicates that the
partial widths of ¥(4390) — #J/y and ¥(4390) — nh, are of the same order of magnitude as the one of
Y(4390) —» z" 7~ h,, which could be tested by the precise measurements at BES III and Belle 1I.
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I. INTRODUCTION

The electron-positron annihilation process is an unique
platform of observing vector charmonia and charmonium-
like states. In this process, a number of charmonium-like
states have been observed, such as Y(4008) [1], Y (4220)
[2], Y(4260) [1,3], Y(4360) [4,5], Y(4630) [6], and
Y(4660) [5]. This is not the end of the ever-lengthening
particle list. Recently, the BESIII Collaboration reported
their precise measurements of the cross-sections for the
ete” > xtnJ/y [7] and ete™ — nta~h, [8] with the
center-of-mass energy up to 4.6 GeV, where three char-
monium-like state, ¥(4220), Y (4320) and Y (4390), were
observed. Y(4220) were reported in both ete” —
atan~J/w and ete” — ntx~h, processes [7,8], and its
resonance parameters are also consistent with those of the
one observed in the ete™ = wy.o [2]. The charmonium-
like states ¥(4320) and Y (4390) were observed for the first
time, and the former one was reported in the cross-sections
for the ete™ — 't a~J /y [8], while the later one was only
observed in the eTe™ — zT 7~ h, process [8].

The observations of the vector charmonium-like states
stimulate theorist’s great interest in their intrinsic structures.
Taking the long-standing ¥ (4260) as an example, the mass
of this state is far away from the relativistic quark model
[9], and more importantly, this state is only observed in the
cross-sections for the ete™ — zt2~J /y [1,3], while in the
open charm channels [10-13] and R-value scan [14-19]
there is no signal of this states. Due to the particular
property of Y(4260), some exotic interpretations are
proposed. In Ref. [20], the author found that the charmo-
nium and molecular interpretations were not supported by
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their calculation, and a hybrid charmonium interpretation
could explain the decay property of the Y (4260) [21]. In
Ref. [22], Y(4260) was proposed to be the first orbital
excitation of the diquark-antidiquark [cs][c 5] state. While
the relativistic quark model estimation indicated that the P
wave diquark-antidiquark [cg][¢ g] state could be a more
natural explanation of ¥ (4260) [23] and in such a kind of
picture, the radiative transition between Y(4260) and
X(3872) was investigated [24]. The nonresonance inter-
pretations in Refs. [25-27] indicated that the line shape of
the cross-sections for eTe™ — z77~J/y could be repro-
duced by the interferences of the nearby charmonia.
However, the recent measurement of Y(4260) in the
cross-sections for eTe™ — n7x~h, [8] challenged such
kind of interference picture.

In addition, it should be noticed that the mass of the
Y (4260) is 4251 =9 MeV, which is about 40 MeV below
the D, D threshold, which indicates that the ¥ (4260) could
be a molecular state composed of DD + H.c. The meson
exchange model calculations in Ref. [28] found that
Y(4260) could be accommodated as a DD + H.c. mol-
ecule. The estimation of the chiral quark model also
supported the D;D + H.c. molecular interpretation of
Y(4260) [29]. The investigations of the decays and pro-
ductions of the Y (4260) in the molecular scenario are also
in line with the corresponding experimental data [30-32].

As for the newly observed Y (4390), it is observed in the
ete™ — nnh, process [8]. The resonance parameters of
Y (4390) are presented in Table I and those for Y (4260) are
also listed for a comparison. The widths of ¥ (4260) and
Y(4390) are very similar and their masses satisfy,

My (4390) — My(4260) = Mp- — mp = 140 MeV.

Such kinds of similarities indicate that ¥(4390) could be a
D*Dl + H.c. molecule, which is a counterpart of the
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TABLE I. A comparison of the resonance parameters of
Y(4260) and Y(4360).

State

Y (4260) [34]
Y(4390) [8]

Mass (MeV)

425149
43916783 £1.0

Width (MeV)

120 + 12
139.5582 £ 0.6

Y(4260). In Ref. [33], we calculate the potential of the
D,D* system in a one-boson-exchange model. By solving
corresponding quasipotential Bethe-Salpeter equation, we
find a bound state solution, which well corresponds to
the Y(4390).

To further test the molecular interpretations of the
Y(4390), we should answer the question why this state
is only observed in eTe™ — z"x~h, process, which should
be suppressed due to the spin flip of the heavy quark, while
in the spin conserved process, e e~ — 2~ J /y, this state
is absent. In the present work, we further investigate the
hidden-charm decays of the ¥(4390) in a D;D* molecular
scenario, especially the decay process Y (4390) — h.n"z",
which could be a crucial test of the molecular assignment.

This work is organized as follows. The hidden-charm
decays are presented in the following section. The numeri-
cal results and discussions are given in Sec. III and Sec. IV
is devoted to a summary.

II. HIDDEN-CHARM DECAYS OF Y(4390)

Before the discussion of Y(4390) decay, we recall
another two charmonium-like but charged states
Z.(3900) and Z.(4020) (thereafter we denote these two
states as Z,. and Z..), which would help us to understand the
observation of Y(4390). Z,. was first reported in the J/wx
invariant mass spectrum of the e*e™ = zTz~J/y [35,36],
and then in the DD* invariant mass spectrum of the
eTe™ = zD*D process [37]. As a counterpart of the Z,,
Z!. was successively observed in the h.z invariant mass
spectrum of eTe™ — x* 2~ h, process and D*D* invariant
mass spectrum of ete~ — zD*D* [38,39]. The observed
mass of the Z, and Z'. are very close to the thresholds of
DD* and D*D*, respectively. The resonance parameters
and decay behaviors indicated that Z,. and Z.. could be the
molecular state composed of DD* +H.c. and D*D*,
respectively [40—43]. In the molecular scenario, the flavor
wave functions of the Z, and Z. are,

1
Z.,) = —[DD* + DD"],
Z.) ﬂ[ ]

Zy=pD. (1)

respectively.

As for Y (4390), it was reported in the ete™ — z 7~ h,,
which is a spin flipped process. However, this structure is
absent in the spin conserved process, ete™ — nta~J/y,
This particular phenomena could be understood qualita-
tively in the D;D*+ H.c. molecular scenario. The
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molecular state decays could occur via quark rearrange-
ment, and in the hadronic level, the molecular components
could couple to the final state via exchanging a proper
meson [44-46]. As for Y(4390), it could transit into a
charmonium by exchanging charmed mesons. As shown in
Fig. 1(a) and (b), the molecular state ¥ (4390) couples to its
components D,D* +H.c. via S wave, and the D,/D,
transits into D*/D* via the emission of pion and the D*/D*
and D*/D* in the molecule could only couple to Z. as
indicated by the wave functions of the Z, and Z.. in Eq. (1).
All these three vertexes in the triangle diagrams are
S—wave coupling, and furthermore, Z/, has large branching
ratio to k., but can not decay into J/wx. Thus, Z, plays
principle role in understanding both the observed decay
mode ztz~h. and the unobserved mode zntz~J/y.
Besides the observed channel, we also notice the measure-
ments of the cross-sections for ete™ — nJ/y and
eTe™ = nh, in the vicinity of 4.39 GeV [47,48]. Thus,
searching for the signal of ¥(4390) in these final states is
also interesting. The corresponding diagrams contribute to
Y(4390) — n(n')J /w and nh, are presented in Fig. 1(c) and
(d), respectively.

In the D; D* + H.c. molecular scenario, ¥ (4390) should
couple to its components dominantly via § wave, and the
corresponding effective Lagrangian is in the form,

£= g_YZ Sﬂmﬂaﬂ r (D(II(D*/j + D?D*ﬁ)’ (2)

where Y and D, D* indicate Y(4390), D;(2420), and
D*(2010), respectively.

Besides the above effective Lagrangian, the following
effective coupling between the charmonium/light mesons
and charmed mesons are also involved in our present
estimations,

Dy e n
Y (4390) D
D* b .

(c) (d)

FIG. 1. Diagrams contribute to the considered hidden-charm
decays. Diagrams (a) — (b) indicate Y (4390) — n"z~h, process
via Z!.. Diagrams (c) and (d) are correspond to the /7’ transitions
from Y(4390) to J/w and h,, respectively.
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Ly 1ypp =i9sppy* (D0 Dy =0 DDy = D; 9, D),

EhCD*D* = ighCD*D* ghveb 8ﬂhCI/D;;ID;T’
Lp,pp=9p,pp(3D} (8" P)D* =D} (8"9,P) D),
(3)

which can be constructed by the heavy quark limit and
chiral symmetry [49-51]. P is the matrix form of the
pseudoscalar mesons, which is,

%+an+ﬁn’ xt K*
P= n —Ztan+pr K| (4)
K- KO yn+ 61
where o= (cosﬁ—ﬁsinﬁ)/\/g, B = (sinf + \/50059)/
V6,  y=(-2cosf—+/2sin6)/\6, &= (-2sinb+

\/§ cos 6) / \/6 According to the analyses in
Refs. [52,53], we take the mixing angle § = —19.1°.

The effective Lagrangians related to Z. should depen-
dent on its nature, which has not yet been ascertained. Here,
we adopt the coupling of Z.D*D* to be the same as the one
of h.D*D* since the J* quantum numbers of the Z.. are the
same as those of /... In addition, Z.. could couple to k. via
a P wave. Thus the Z'. related effective Lagrangians are,

Lypp = igyppe"0,he, DyDy,
‘CZ’Chcn = gZi.hCrzgyua/;’Z,C”abhgaﬂﬂ' (5)
The coupling constants in the Lagrangians as shown in
Egs. (2), (3), and (5) will be discussed in the following

section.
With above effective Lagrangians, we can obtain the

amplitudes of Y (4390)(py)~[D,(p,)D*(p,)]D*(q)~
" (p3)n~(ps)h.(ps) corresponding to Fig. 1(a), which is,
dq 9y . .
a= (27r) [\/— ﬂl/aﬂey( ll’o) [9DD7>(3(1P3ﬂ)<1P33)
= (ip3)*9,1)li92 b D €09 (i} + ip?)]
. ) —g* + pipl/mi,
X [gZthﬂgyr/Kf(lpg)(lpi)eh] 2 2 1
p1—mp,
i pgpé/ mp. =" +q°q* /m3,.
Pz mD* qz_m%*
—g" + (P} + P (p) + pl) /m2,
x - B g m). (6)

(p4+p5)? mZ,
As the reflection of Fig. 1(a), the amplitude corresponding
to Fig. 1(b) could be obtained from M, by performing the

following replacement,

Mb = Ma|p3<—>p4’ (7)
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Besides the observed channel z"z~h., Y(4390) could
decay into n(y')J/w and nh,, and the amplitudes corre-
sponding to Fig. 1(c) and (d) are,

d4
M= [
—(1P3) gpz)][iQJ/WD*D*Sg/.,,(—ipzagar +i9.90s
—g% + P?P/])/m%)]

[QY el ip’o‘)] (90,05 (3(ip3y)(iP3)

+ (iP20 — i96)9s:)] 3
Py — mp,
—o"" + Phps/md. —g* + ¢ /m}, 2
X 2 2 2 2 ( mD*)
Py —mp: q- — mp-

M= [ (d T [ et i) oo, 33 i)

—(ip3)*9,1)]lign, D*D*€9¢5f€h (ip§ +ipf)]
A Pipi/mp, g’ + phpy/m3,

pi—mp, p3 —mp,
—g‘” + ¢°q*/m3.
e b2 (g% m3.). (8)
2

where F(g?, m3,.) is a form factor introduced to depict the
structure effect of the interaction vertexes and offshellness
of the exchanged D* meson. In the present estimation, we
take,

m3,. — A?

F(q* mpy.) = ﬁ, 9)

where the parameter A can be further reparameterized as

A = algep + mp: with Agep = 220 MeV. The dimen-

sionless parameter a should be of order one, since A should

not be far way from the mass of the exchanged meson [54].
The total amplitudes of Y (4390) — z" 7~ h, is,

AT = M+ M, (10)

and the differential partial width of Y(4390) — z" 7z h,
reads

1

dl .+
n’ﬂh ( )332

3 | TOt ah, |2dmh rrdmﬂm (11)

where the overline above indicates the sum over the spin of
the final states and the average of spin of ¥ (4390).

As for Y(4390) — n(n')J/w and Y(4390) — nh,, the
differential decay width is,

dQ (12)

where Ap, = 2M, and Ar, = 2M, for n(n')J /yw mode
and nh, mode, respectively. p; is the momentum of the
final states in the initial rest frame.
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III. NUMERICAL RESULTS AND DISCUSSIONS

A. Coupling constants

Before we estimate the partial width of the considered
processes, the involved coupling constants should be
clarified. In the nonrelativistic limit, the coupling of
Y(4390) and its components in Eq. (2) should be

9 i | 7y R y*
ﬁ:TYzmys,.jkY (D|D** + D} D*%), (13)
and the coupling constants gy could be related to the
probability of D; D* 4+ H.c. component in ¥ (4390) denoted
by ¢ and the binding energy E, by [55-57]

(mD*+mD])2C2 2E,
m3 u

g% = 167 (14)
with y = mp.-mp, /(mp, + mp.) is the reduced mass. In the
molecular scenario, Y(4390) is a pure D;D* + H.c.
molecular state, thus ¢ = 1. With above relationship, the
coupling constants gy could be estimated to be 3.51-3.84,
where the uncertainty comes from the measurement error of
the mass of Y(4390) [8].

As a cross-check of the reliability of the nonrelativistic
limit, we also estimated the coupling constants by using the
compositeness condition with a local interaction, which has
been widely used to discuss the molecular decays
[44,45,58,59]. In the approach, the local interaction is
described by a correlation function with a model parameter
A, which should be of 1 GeV. When taking A = 1 GeV, the
coupling constant gy is estimated to be 3.54—4.13, which is
consistent with the one evaluated in nonrelativistic limit.

In the heavy-quark limit and chiral symmetry, the
coupling constants relevant to the effective Lagrangians
in Eq. (3) could related to some gauge coupling by [49-51],

g _ Imp My
J/yD*D* = -
1w mp+ f]/y/
mop+
9nh.DD* = 29, s
th
Voh +hy

9ppp = — 3 AS \/Mp, Mp+, (15)
J

where f;/, = 416 MeV is the decay constants of the J /v,
which could be estimated from the leptonic width of J /.
The gauge coupling g, can relate to the decay constant of
Xeo Via gy = —\/m, o/3/f,  with f, =510 MeV [60].
A, =1GeV and f, = 132 MeV are the chiral symmetry
breaking scale and the decay constants of pion. The
coupling constant &' = h; + h, is estimated to be 0.65
in a constituent quark-meson model [61].

To date, the nature of the Z. keeps unknown. Here
we could estimate the effective coupling constants in
Eq. (5) based on the limited experimental measurements.
The cross section for ete™ = 7tZ. — nta~h, is

PHYSICAL REVIEW D 96, 054017 (2017)

reported to be (7.4+1.7+2.1+1.2) pb at 4.26 GeV
[38]. In the same center-of-mass energy, the cross-section
for ete™ — 7+ (D*D*)T is measured to be (137 £9 =+
15) pb and the ratio o(ete” — 2*Z." — 2*(D*D*)F)/
o(eTe~n*(D*D*)F) is fitted to be 0.65 =+ 0.09 + 0.06
[39]. Thus, the -cross-section for ete™ — AR
a*(D*D*)T is estimated to be (89 =+ 14) pb, where only
the statistical uncertainties are considered. Thus, ratio of the
partial widths I['(Z.. — D*D*) and I'(Z.. = h.x) could be,

I'(Z.—>D'D*) o(ete” »a*Zd —»n*(D*D*)F)

[(Z.—h.a)  olete” »a*ZF -ntah,)

=12.0+323. (16)

Under the approximation that Z. dominantly decays into
D*D* and h.r, the branching ratio of Z!, — zh, could be,

B(Z. — nh,) = (1.52 + 1.87)% (17)

The width of Z.. is 13 =5 MeV [34], thus, with the center
values of the branching ratio and total width, one can
roughly estimate the partial widths of Z. — D*D* and
Z!. — h.r are about 12 MeV and 1 MeV, respectively. With
the partial widths and the effective Lagrangains in Eq. (5),
one can obtain gz pp- = 1.08 and gz, , = 0.65 GeV~".

B. Decay width

With the above preparations, we could calculate the
hidden-charm decay width of ¥(4390) in a D,D* + H.c
molecular scenario. In the present calculation, one model
parameter « is introduced, which should be of order one. In
Fig. 2, the partial width of Y(4390) — z*z~h. depending
on parameter a is presented. The red solid curve is the
estimated results with the center values of the mass of
Y(4390). The grey band indicates the uncertainty caused
by the measurement error of the mass of Y(4390). In
the narrow width approximation, the partial width of
the Y(4390) » ntz~h. could be proportional to
Ty (390)-72..B(Z; = h.m), which is independent on the
width of Z.. In the present calculation, we take the
uncertainty of B(Z, — h.z) into consideration, which is
indicated by the light grey brands in Fig. 2. Here, we vary a
from 2 to 3, and in this parameter range, we find the partial
width of Y (4390) — z"n~h, very weakly depends on the
model parameter. In particular, the center value of the
partial width increases from 0.74 to 0.85 MeV, and when
considering the mass uncertainties of Y(4390) and the
uncertainty of the branching ratio of Z.. — rh,, this partial
width could reach up to 1.26 MeV and the corresponding
branching ratio is of order one percent. Such a large
branching ratio could answer why this state could be
observed in the 7z 7~ h, mode.

Besides the observed channel, ¥ (4390) could also transit
into J/y or h, by emitting a n/n’. The a dependent partial
widths of these hidden-charm decays are presented in
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2'0 T T T T
Y (4390) — ntn~h,

15 -
=
L
=
~ 1.0r -
=
+
=t
=
%
g 05 .
A

0'0 1 1 1 1

2.0 2.2 24 2.6 2.8 3.0

«

FIG. 2. The a dependences width of

Y(4390) - nt 7~ h,.

of the partial

Fig. 3. The red curves are the results obtained with center
value of the mass of Y(4390), while the bands are
the uncertainties resulted from the measurement error of
the mass of ¥(4390). Different from the z "z~ h, mode, the
partial width of these two-body hidden-charm decays
slightly depend on the model parameter @ and very weakly
depend on the mass of Y (4390).

As for Y(4390) — J/yn, the partial width increase from
0.57 MeV to 1.82 MeV when a increasing from 2 to 3.
Taking the evaluated center values of I'(Y(4390) —
ntn~h.), we can obtain the ratio of I'(Y(4390) —
J/yn) and T'(Y(4390) - z*z~h,.) to be,

['(Y(4390) — J/yn)

= 0.52-2.29.
['(Y(4390) - ntz~h,.)

(18)

The cross section for ee™ — ntn~h, is reported to be
45 .55‘%9 pb at the center-of-mass energy of 4.3874 GeV
[8] and the cross section for eTe™ — nJ/y is measured to
be 11.74_”2"2 +0.6 pb at the center-of-mass energy of
4.390 GeV. With the assumption that all the signals at
the center-of-mass energy of 4.390 GeV come from

2.0 T T T T

Decay Width (MeV)

2.0 22 2.4 2.6 2.8 3.0

FIG. 3. The partial widths of the hidden-charm decay of
Y(4390) depending on the model parameter a.
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the resonance contribution of Y(4390), one can find the
ratio of the cross sections of eTe™ — 5J/y and ete™ —
atn~h, should be equal to T(Y(4390) - J/yn)/
I'(Y(4390) — 7"z~ h,). With the measured cross-sections,
we can approximately estimate

ole e = nly)
olete” - ntnh.)

=0.11-0.55, (19)
which could overlap with the ratio in Eq. (18) estimated in
the molecular scenario. As for Y(4390) — #'J/y, this
process is suppressed due to the 7 — 7’ mixing as well as
the phase space. The estimated partial width varies from
0.16 MeV to 0.51 MeV, thus the ratio of I'(Y(4390) —
7' J/w) and T(Y(4390) — nJ/y) is estimated to be,

I'(Y(4390) - #'J/w)
['(Y(4390) - nJ/w)

= 0.19-0.28, (20)
which could be test by further experimental measurements
in the BES III and Belle II.

The partial width of Y(4390) — nh, is estimated to be
0.50-1.45 MeV in the considered parameter range when
taking the measurement error of the mass of ¥ (4390) into
consideration. We can also obtain the following ratios,

['(Y(4390) — nh,)
=0.45-2.
['(Y(4390) >zt 7z~ h,) 045-2.63,
['(Y(4390) — nh,)
=0.80-0.88. 21
I'(Y(4390) - nJ/y) 21)

In the cross-sections for e™e™ — 5h,, no significant signal
is observed at center-of-mass energy of 4.3874 MeV under
the present measurement precision and the upper limit of
the cross-section is 26.2 pb. Thus, we can conclude,

olete™ - nh,)
+

o(ete™ = nh,)
+

<0.71, < 4.15,

olete” - ntnh.) olete” > ntxh.)

(22)

which are also consistent with our estimated ratios
in Eq. (21).

IV. SUMMARY

Recently, the BES III Collaboration reported three char-
monium-like states in the cross-sections for ete™ —
atn~J/y and ete” — ntnh,, which include Y(4220),
Y (4320), and Y (4390). These observations make the vector
charmonium-like states abundant and stimulate theorists’
great interests in the nature of those states. We notice that
the mass splitting of the ¥ (4260) and Y (4390) are very close
to the one of D and D*, which indicates that ¥ (4390) could be
a counterpart of the Y(4260) in the molecular scenario,
i.e., they are the molecular states of D*D; + H.c. and DD, +
H.c., respectively. The potential model in the Bethe-Salpeter
approach also supports such interpretation [33].
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To further test the molecular possibility of ¥(4390), we
investigated its hidden-charm decays in the molecular
scenario. We find it is very natural to understand the
observations of ¥(4390) in the ete™ — nt 7~ h, as well as
the absence in the 7zt 7~ J /y mode if we assign ¥(4390) as
a D*D; + H.c. molecule. The numerical calculations also
indicate the branching ratio of ¥(4390) — z"z~h, should
be of order of one percent, which is large enough to be
observed.

Some other unobserved hidden-charm decay processes
are also considered in the present work, The partial widths
of the Y(4390) — n(1')J/w and Y(4390) — nh, slightly
depend on the model parameter. The estimated
I'(Y(4390) —» nJ/w) and T'(Y(4390) — nh.) are of the
same order of magnitude as ['(Y(4390) - n"z~h.). We
find the ratios of the considered partial widths are

PHYSICAL REVIEW D 96, 054017 (2017)

consistent with the present experimental measurements,
which indicates that the assignment of Y(4390) as a
D*D; + H.c. is possible. The present calculations indicate
that the signals of the Y(4390) in the cross-sections for
ete” - nJ/y and ete” — nh, are significant, which
indicates that searching Y (4390) in these processes could
be accessible by BES III and Belle II.

ACKNOWLEDGEMENTS

This project is supported by the National Natural Science
Foundation of China (Grants No. 11375240, and
No. 11675228), the Major State Basic Research
Development  Program in  China under Grant
No. 2014CB845405, and the Fundamental Research
Funds for the Central Universities.

[1] C.Z. Yuan et al. (Belle Collaboration), Measurement of
ete™ — nta~J/y Cross-section via Initial State Radiation
at Belle, Phys. Rev. Lett. 99, 182004 (2007).

[2] M. Ablikim er al. (BESIII Collaboration), Study of ete™ —
wy.; at Center-of-Mass Energies from 4.21 to 4.42 GeV,
Phys. Rev. Lett. 114, 092003 (2015).

[3] B. Aubert er al. (BABAR Collaboration), Observation of a
Broad Structure in the 7z z~J/y Mass Spectrum around
4.26-GeV/c?, Phys. Rev. Lett. 95, 142001 (2005).

[4] B. Aubert et al. (BABAR Collaboration), Evidence of a
Broad Structure at an Invariant Mass of 4.32-GeV/c? in the
Reaction eTe™ — a7 y,¢ Measured at BABAR, Phys.
Rev. Lett. 98, 212001 (2007).

[5] X. L. Wang et al. (Belle Collaboration), Observation of Two
Resonant Structures in e*e™ — 77z y/(2S) via Initial State
Radiation at Belle, Phys. Rev. Lett. 99, 142002 (2007).

[6] G. Pakhlova et al. (Belle Collaboration), Observation of a
Near-Threshold Enhancement in the eTe™ — AFA7 Cross
Section Using Initial-State Radiation, Phys. Rev. Lett. 101,
172001 (2008).

[7] M. Ablikim et al. (BESIII Collaboration), Precise Meas-
urement of the ete™ — n7x~J /y Cross Section at Center-
of-Mass Energies from 3.77 to 4.60 GeV, Phys. Rev. Lett.
118, 092001 (2017).

[8] M. Ablikim et al. (BESIII Collaboration), Evidence of Two
Resonant Structures in eTe~ — x7z~h,, Phys. Rev. Lett.
118, 092002 (2017).

[9] S. Godfrey and N. Isgur, Mesons in a relativized quark
model with chromodynamics, Phys. Rev. D 32, 189 (1985).

[10] K. Abe et al. (Belle Collaboration), Measurement of the
Near-Threshold eTe™ — D**D*¥T Cross Section Using
Initial-State Radiation, Phys. Rev. Lett. 98, 092001 (2007).

[11] G. Pakhlova et al. (Belle Collaboration), Measurement of
the near-threshold e*e~ — DD cross section using initial-
state radiation, Phys. Rev. D 77, 011103 (2008).

[12] G. Pakhlova et al. (Belle Collaboration), Observation of
w(4415) — DD}(2460) Decay Using Initial-State Radia-
tion, Phys. Rev. Lett. 100, 062001 (2008).

[13] G. Pakhlova et al. (Belle Collaboration), Measurement of
the ete™ — D°D*~z* cross section using initial-state
radiation, Phys. Rev. D 80, 091101 (2009).

[14] J. Burmester et al. (PLUTO Collaboration), The total hadronic
cross-section for ee~ annihilation between 3.1 GeV and
4.8 GeV center-of-mass energy, Phys. Lett. 66B, 395 (1977).

[15] R. Brandelik et al. (DASP Collaboration), Total cross-
section for hadron production by eTe™ annihilation at
center-of-mass energies between 3.6 GeV and 5.2 GeV,
Phys. Lett. 76B, 361 (1978).

[16] J. Siegrist er al., Hadron production by e*e™ annihilation at
center-of-mass energies between 2.6 GeV and 7.8 GeV. Part
1. Total cross-section, multiplicities and inclusive momen-
tum distributions, Phys. Rev. D 26, 969 (1982).

[17] J.Z. Bai et al. (BES Collaboration), Measurement of the
Total Cross-section for Hadronic Production by e*e”
Annihilation at Energies between 2.6 GeV-5 GeV, Phys.
Rev. Lett. 84, 594 (2000).

[18] D. Cronin-Hennessy et al. (CLEO Collaboration), Meas-
urement of charm production cross sections in ete”
annihilation at energies between 3.97 and 4.26 GeV, Phys.
Rev. D 80, 072001 (2009).

[19] M. Ablikim et al. (BES Collaboration), R value measure-
ments for ete~ annihilation at 2.60 GeV, 3.07 GeV and
3.65 GeV, Phys. Lett. B 677, 239 (2009).

[20] S.L. Zhu, The Possible interpretations of Y (4260), Phys.
Lett. B 625, 212 (2005).

[21] E. Kou and O. Pene, Suppressed decay into open charm for
the ¥ (4260) being an hybrid, Phys. Lett. B 631, 164 (2005).

[22] L. Maiani, V. Riquer, F. Piccinini, and A. D. Polosa, Four
quark interpretation of ¥ (4260), Phys. Rev. D 72, 031502
(2005).

054017-6


https://doi.org/10.1103/PhysRevLett.99.182004
https://doi.org/10.1103/PhysRevLett.114.092003
https://doi.org/10.1103/PhysRevLett.95.142001
https://doi.org/10.1103/PhysRevLett.98.212001
https://doi.org/10.1103/PhysRevLett.98.212001
https://doi.org/10.1103/PhysRevLett.99.142002
https://doi.org/10.1103/PhysRevLett.101.172001
https://doi.org/10.1103/PhysRevLett.101.172001
https://doi.org/10.1103/PhysRevLett.118.092001
https://doi.org/10.1103/PhysRevLett.118.092001
https://doi.org/10.1103/PhysRevLett.118.092002
https://doi.org/10.1103/PhysRevLett.118.092002
https://doi.org/10.1103/PhysRevD.32.189
https://doi.org/10.1103/PhysRevLett.98.092001
https://doi.org/10.1103/PhysRevD.77.011103
https://doi.org/10.1103/PhysRevLett.100.062001
https://doi.org/10.1103/PhysRevD.80.091101
https://doi.org/10.1016/0370-2693(77)90023-5
https://doi.org/10.1016/0370-2693(78)90807-9
https://doi.org/10.1103/PhysRevD.26.969
https://doi.org/10.1103/PhysRevLett.84.594
https://doi.org/10.1103/PhysRevLett.84.594
https://doi.org/10.1103/PhysRevD.80.072001
https://doi.org/10.1103/PhysRevD.80.072001
https://doi.org/10.1016/j.physletb.2009.05.055
https://doi.org/10.1016/j.physletb.2005.08.068
https://doi.org/10.1016/j.physletb.2005.08.068
https://doi.org/10.1016/j.physletb.2005.09.013
https://doi.org/10.1103/PhysRevD.72.031502
https://doi.org/10.1103/PhysRevD.72.031502

HIDDEN-CHARM DECAYS OF Y(4390) IN A ...

[23] D. Ebert, R. N. Faustov, and V. O. Galkin, Excited heavy
tetraquarks with hidden charm, Eur. Phys. J. C 58,399 (2008).

[24] H.-X. Chen, L. Maiani, A.D. Polosa, and V. Riquer,
Y(4260) — y 4+ X(3872) in the diquarkonium picture,
Eur. Phys. J. C 75, 550 (2015).

[25] E.vanBeveren, G. Rupp, andJ. Segovia, Very broad X (4260)
and the Resonance Parameters of the ;3pVector
Charmonium State, Phys. Rev. Lett. 105, 102001 (2010).

[26] D.Y. Chen, J. He, and X. Liu, Nonresonant explanation for
the Y(4260) structure observed in the ete™ — J/yntx~
process, Phys. Rev. D 83, 054021 (2011).

[27] D.Y. Chen, X. Liu, X.Q. Li, and H.W. Ke, Unified
Fano-like interference picture for charmoniumlike states
Y(4008), Y(4260) and Y(4360), Phys. Rev. D 93, 014011
(2016).

[28] G.J. Ding, Are Y(4260) and Z5 are DD or DyD* hadronic
molecules?, Phys. Rev. D 79, 014001 (2009).

[29] M. T. Li, W. L. Wang, Y. B. Dong, and Z. Y. Zhang, A study
of one S- and one P-wave heavy meson interaction in a
chiral quark model, Commun. Theor. Phys. 63, 63
(2015).

[30] D.Y. Chen, Y.B. Dong, M. T. Li, and W. L. Wang, Pionic
transition from Y (4260) to Z.(3900) in a hadronic molecu-
lar scenario, Eur. Phys. J. A 52, 310 (2016).

[31] R.M. Albuquerque, M. Nielsen, and C. M. Zanetti, Pro-
duction of the Y (4260) state in B meson decay, Phys. Lett. B
747, 83 (2015).

[32] W. Qin, S. R. Xue, and Q. Zhao, Production of Y (4260) as a
hadronic molecule state of DD, + c.c. in eTe™ annihila-
tions, Phys. Rev. D 94, 054035 (2016).

[33]1 J. He and D.Y. Chen, Interpretation of Y(4390) as an
isoscalar partner of Z(4430) from D*(2010)D,(2420)
interaction, Eur. Phys. J. C 77, 398 (2017).

[34] C. Patrignani et al. (Particle Data Group), Review of particle
physics, Chin. Phys. C 40, 100001 (2016).

[35] M. Ablikim et al. (BESIII Collaboration), Observation of a
Charged Charmoniumlike Structure in e*e™ — 7z~ J /y at
/s = 4.26 GeV, Phys. Rev. Lett. 110, 252001 (2013).

[36] Z.Q. Liu et al. (Belle Collaboration), Study of
ete n" 7 J/w and Observation of a Charged Charmonium-
like State at Belle, Phys. Rev. Lett. 110, 252002 (2013).

[37] M. Ablikim et al. (BESIII Collaboration), Observation of a
Charged (DD*)* Mass Peak in ete™ — zDD* at
/s = 4.26 GeV, Phys. Rev. Lett. 112, 022001 (2014).

[38] M. Ablikim et al. (BESIII Collaboration), Observation of a
Charged Charmoniumlike Structure Z.(4020) and Search
for the Z,(3900) in ete™ — 'tz h,, Phys. Rev. Lett. 111,
242001 (2013).

[39] M. Ablikim et al. (BESIII Collaboration), Observation of a
Charged  Charmoniumlike  Structure in eTe™ —
(D*D*)*xF at /s =4.26 GeV, Phys. Rev. Lett. 112,
132001 (2014).

[40] Z.F. Sun, J. He, X. Liu, Z.G. Luo, and S.L. Zhu,
Z,(10610)* and Z,(10650)* as the B*B and B*B* molecu-
lar states, Phys. Rev. D 84, 054002 (2011).

[41] F. Aceti, M. Bayar, E. Oset, A. Martinez Torres, K.P.
Khemchandani, J. M. Dias, F. S. Navarra, and M. Nielsen,
Prediction of an [ = 1 DD* state and relationship to the
claimed Z.(3900), Z.(3885), Phys. Rev. D 90, 016003
(2014).

PHYSICAL REVIEW D 96, 054017 (2017)

[42] Z.G. Wang and T. Huang, Possible assignments of the
X (3872), Z.(3900) and Z,(10610) as axial-vector molecu-
lar states, Eur. Phys. J. C 74, 2891 (2014).

[43] W. Chen, T.G. Steele, H. X. Chen, and S.L. Zhu, Mass
spectra of Zc and Zb exotic states as hadron molecules,
Phys. Rev. D 92, 054002 (2015).

[44] C.J. Xiao, D. Y. Chen, and Y. L. Ma, Radiative and pionic
transitions from the Dy (2460) to the D%,(2317), Phys. Rev.
D 93, 094011 (2016).

[45] D.Y. Chen and C. J. Xiao, Strong two-body decays of the S-
wave D} D] molecule state, Nucl. Phys. A947, 26 (2016).

[46] D.Y. Chen and Y. B. Dong, Radiative decays of the neutral
Z.(3900), Phys. Rev. D 93, 014003 (2016).

[47] M. Ablikim et al. (BESIII Collaboration), Measurement of
the eTe™ — nJ/y cross section and search for ete™ —
7°J/y at center-of-mass energies between 3.810 and
4.600 GeV, Phys. Rev. D 91, 112005 (2015).

[48] M. Ablikim et al. (BESIII Collaboration), Observation of
ete™ — nh, at center-of-mass energies from 4.085 to
4.600 GeV, Phys. Rev. D 96, 012001 (2017).

[49] O. Kaymakcalan, S. Rajeev, and J. Schechter, Nonabelian
anomaly and vector meson decays, Phys. Rev. D 30, 594
(1984).

[50] Y.S. Oh, T. Song, and S. H. Lee, J/y absorption by z and p
mesons in meson exchange model with anomalous parity
interactions, Phys. Rev. C 63, 034901 (2001).

[51] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F.
Feruglio, and G. Nardulli, Phenomenology of heavy meson
chiral Lagrangians, Phys. Rep. 281, 145 (1997).

[52] D. Coffman et al. (MARK-III Collaboration), Measure-
ments of J/y decays into a vector and a pseudoscalar
meson, Phys. Rev. D 38, 2695 (1988); Erratum, Phys. Rev.
D 40, 3788(E) (1989).

[53] J. Jousset et al. (DM2 Collaboration), The J/y — vector +
pseudoscalar decays and the 7, 7/ quark content, Phys. Rev.
D 41, 1389 (1990).

[54] H. Y. Cheng, C.K. Chua, and A. Soni, Final state inter-
actions in hadronic B decays, Phys. Rev. D 71, 014030
(2005).

[55] S. Weinberg, Evidence that the deuteron is not an elemen-
tary particle, Phys. Rev. 137, B672 (1965).

[56] V. Baru, J. Haidenbauer, C. Hanhart, Y. Kalashnikova, and
A. E. Kudryavtsev, Evidence that the a((980) and f(980)
are not elementary particles, Phys. Lett. B 586, 53 (2004).

[57] F. K. Guo, C. Hanhart, U. G. Meiner, Q. Wang, and Q. Zhao,
Production of the X(3872) in charmonia radiative decays,
Phys. Lett. B 725, 127 (2013).

[58] A. Faessler, T. Gutsche, S. Kovalenko, and V. E. Lyubo-
vitskij, D¥;(2317) and D (2460) mesons in two-body
B-meson decays, Phys. Rev. D 76, 014003 (2007).

[59] T. Branz, T. Gutsche, and V. E. Lyubovitskij, Hidden-charm
and radiative decays of the Z(4430) as a hadronic D,D*
bound state, Phys. Rev. D 82, 054025 (2010).

[60] P. Colangelo, F. De Fazio, and T.N. Pham, B~ — Ky
decay from charmed meson rescattering, Phys. Lett. B 542,
71 (2002).

[61] A. Deandrea, R. Gatto, G. Nardulli, and A.D. Polosa,
Couplings of pions to higher positive parity heavy mesons,
J. High Energy Phys. 02 (1999) 021.

054017-7


https://doi.org/10.1140/epjc/s10052-008-0754-8
https://doi.org/10.1140/epjc/s10052-015-3781-2
https://doi.org/10.1103/PhysRevLett.105.102001
https://doi.org/10.1103/PhysRevD.83.054021
https://doi.org/10.1103/PhysRevD.93.014011
https://doi.org/10.1103/PhysRevD.93.014011
https://doi.org/10.1103/PhysRevD.79.014001
https://doi.org/10.1088/0253-6102/63/1/11
https://doi.org/10.1088/0253-6102/63/1/11
https://doi.org/10.1140/epja/i2016-16310-0
https://doi.org/10.1016/j.physletb.2015.05.022
https://doi.org/10.1016/j.physletb.2015.05.022
https://doi.org/10.1103/PhysRevD.94.054035
https://doi.org/10.1140/epjc/s10052-017-4973-8
https://doi.org/10.1088/1674-1137/40/10/100001
https://doi.org/10.1103/PhysRevLett.110.252001
https://doi.org/10.1103/PhysRevLett.110.252002
https://doi.org/10.1103/PhysRevLett.112.022001
https://doi.org/10.1103/PhysRevLett.111.242001
https://doi.org/10.1103/PhysRevLett.111.242001
https://doi.org/10.1103/PhysRevLett.112.132001
https://doi.org/10.1103/PhysRevLett.112.132001
https://doi.org/10.1103/PhysRevD.84.054002
https://doi.org/10.1103/PhysRevD.90.016003
https://doi.org/10.1103/PhysRevD.90.016003
https://doi.org/10.1140/epjc/s10052-014-2891-6
https://doi.org/10.1103/PhysRevD.92.054002
https://doi.org/10.1103/PhysRevD.93.094011
https://doi.org/10.1103/PhysRevD.93.094011
https://doi.org/10.1016/j.nuclphysa.2015.12.003
https://doi.org/10.1103/PhysRevD.93.014003
https://doi.org/10.1103/PhysRevD.91.112005
https://doi.org/10.1103/PhysRevD.96.012001
https://doi.org/10.1103/PhysRevD.30.594
https://doi.org/10.1103/PhysRevD.30.594
https://doi.org/10.1103/PhysRevC.63.034901
https://doi.org/10.1016/S0370-1573(96)00027-0
https://doi.org/10.1103/PhysRevD.38.2695
https://doi.org/10.1103/PhysRevD.40.3788.2
https://doi.org/10.1103/PhysRevD.40.3788.2
https://doi.org/10.1103/PhysRevD.41.1389
https://doi.org/10.1103/PhysRevD.41.1389
https://doi.org/10.1103/PhysRevD.71.014030
https://doi.org/10.1103/PhysRevD.71.014030
https://doi.org/10.1103/PhysRev.137.B672
https://doi.org/10.1016/j.physletb.2004.01.088
https://doi.org/10.1016/j.physletb.2013.06.053
https://doi.org/10.1103/PhysRevD.76.014003
https://doi.org/10.1103/PhysRevD.82.054025
https://doi.org/10.1016/S0370-2693(02)02306-7
https://doi.org/10.1016/S0370-2693(02)02306-7
https://doi.org/10.1088/1126-6708/1999/02/021

