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Abstract: Apart from the charmful decay channels of Y (4260), the charmless decay channels of Y (4260) also provide
us a good platform to study the nature and the decay mechanism of Y (4260). In this paper, we propose to probe
the structure of Y(4260) through the charmless decays Y (4260) — VP via intermediate D;D-c.c. meson loops, where
V and P stand for light vector and pseudoscalar mesons, respectively. Under the molecule ansatz of Y(4260), the
predicted total branching ratio BRvp for all Y(4260) — VP processes are about (0.347032)% to (0.757072)% with
the cutoff parameter a=2-3. Numerical results show that the intermediate D;D4c.c. meson loops may be a possible

transition mechanism in the Y(4260) — VP decays. These predicted branching ratios are the same order to that of
Y (4260) —Z (3900)7t~, which may be an evidence of D1D molecule and can be examined by the forthcoming BESIII

data in the near future.
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1 Introduction

In the past decade, many new charmonium (or char-
moniumlike) states, i.e., the so-called XYZ states, have
been observed experimentally, which has triggered a
lot of theoretical investigations on the nature of ex-
otic meson resonances beyond the conventional qq quark
model [1-6]. Among these observed XYZ states, the res-
onance Y (4260), which was first observed by the BaBar
Collaboration in the m*7~J/1{ invariant spectrum in
ete” — ygrmtmJ /P [7], and then confirmed by both
the CLEO and Belle collaborations [8, 9], is a very inter-
esting one because of that its mass m=4263"5 MeV [10]
is only about 30-40 MeV below the S-wave D;D+c.c.
threshold. And very recently, the new data from BESIII
confirms the signal in Y(4260) — J/{Pmtn~ with much
higher statistics [11]. It indicates that it is worth study-
ing the structure and decays of Y (4260).

Since the observation of Y(4260), many different
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solutions have been proposed to study the structure
of Y(4260). These solutions include the 4S5 charmo-
nium [12], tetraquark ccss state [13], charmonium hy-
brid [14-16], D, D molecule [17-19]%, X1 w molecule [23],
Xc1p molecule [24], hadrocharmonium state [4, 25, 26],
spin-triplet A.-A. baryonium states [27-30], a cusp [31,
32] or a non-resonance explanation [33, 34]. Under the
D;D molecule ansatz, some experimental observations
can be described, such as the observation of Z.(3900)
in ete™ — 7t~ J /P [19], the production of X(3872) in
the eTe™ annihilation around the mass of Y (4260) [20],
and the threshold behavior in the main decay channels of
Y(4260) [35] etc. In Ref. [26], Li and Voloshin argue that
the hadrocharmonium interpretation of Y(4260) may be
more credible. Their argument is based on the fact that
the production of S-wave pairs with Sf = (3/2)* and
SP =(1/2)~ heavy mesons, where Sy, is the sum of the
spin of the light quark and the orbital angular momen-
tum in the heavy mesons, is forbidden in ete™ collisions
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in the limit of exact heavy quark spin symmetry. In
Ref. [26], it was also shown that both the rescatter-
ing due to the process D*D* — D;D and the mixing
of the D;(2420) with the D,;(2430) cannot evade this
suppressed production. They also considered the pos-
sible kinematic effects that might increase the amount
of the heavy quark spin symmetry (HQSS) violation and
found that the kinematical effect is quite small at such
energy. Thus, they concluded that S-wave DD produc-
tion is suppressed. In Ref. [36], Wang et al. tackle both
the hadronic molecule and the hadrocharmonium inter-
pretations of the Y(4260) with the experimental data
currently available. Although the production of (3/2)*
and (1/2)~ heavy meson pairs is suppressed in the heavy
quark limit [26], the heavy quark spin symmetry break-
ing effects in the charm sector can be significant. So the
resulting suppression for the physical charm quark mass
is not in conflict with the interpretation that the main
component of the Y(4260) is a D;D molecule.

On the other hand, the intermediate meson loop tran-
sition as an important nonperturbative dynamical mech-
anism has been extensively studied in the energy re-
gion of charmonium [37-64]. It is widely recognized
that the intermediate meson loops may be closely related
to some nonperturbative phenomena observed in experi-
ments [46-67], e.g. sizeable branching ratios for non-DD
decay of {(3770) [46-52], the helicity selection rule vi-
olations in charmonium decays [59-61], isospin symme-
try breaking in charmonium decays [63, 64]. Recently,
this intermediate meson loops mechanism has been ap-
plied to the production and decays of ordinary and exotic
states [19, 20, 35, 68-73].

Recently, the charmful decay channels have been ex-
tensively used to constrain the reaction mechanism and
gain insights into the nature Y (4260) [35, 68-70]. Apart
from the charmful decay channels of Y(4260), the charm-
less decay channels of Y(4260) are also a good platform
to further study Y(4260). In the present work, we study
the charmless decays Y (4260) — VP via D, D loop with an
effective Lagrangian approach (ELA) under the D, D+c.c.
molecule ansatz. The paper is organized as follows. In
Section 2, we will briefly introduce the ELA and give
some relevant formulae, the numerical results are pre-
sented in Section 3, and Section 4 contains a brief sum-
mary.

2 The model

Generally speaking, all the possible intermediate me-
son exchange loops should be included in the calculation.
In reality, the breakdown of the local quark-hadron du-
ality allows us to pick up the leading contributions as a
reasonable approximation [74, 75]. For example, the in-
termediate states involving flavor changes turn out to be

strongly suppressed. One reason is because of the large
virtualities involved in the light meson loops. The other
is because of the Okubo-Zweig-lizuka-rule suppressions.
In this work, we have assumed that Y (4260) is dominated
by the S-wave D;D+c.c. component and the D;D+c.c.
mass threshold is only 30 MeV above the Y(4260), so
we consider the S-wave D;D meson loops as the leading
contributions.

By assuming Y(4260) is an S-wave D;D molecular
state, the effective Lagrangian is constructed as

. = =
cy(w)DlD:lE(Dgyupyj—pf;YMD;)+H.c., (1)

where x is the coupling constant.

For a state slightly below an S-wave two-hadron
threshold, the effective coupling constant of this state
to the two-body channel, gng, is related to the probabil-
ity of finding the two-hadron component in the physical
wave function of the bound state, ¢?, and the binding
energy, e=m,+my—M [20, 76, 77]

g;RZIGT[(ml—Fmg)ZCZ\/%[14-0(\/2#67")] , (2)

where p=mi;msy/(m,+ms) is the reduced mass, and r
denotes the range of the forces. Notice that the coupling
constant gets maximized for a pure bound state, which
has ¢?=1 by definition.

Using the masses of the Y(4260), D and D; given
in PDG [10], we obtain the mass difference between the
Y (4260) and the D, D+c.c. threshold to be mptmp —my =
2712 MeV. Assuming that Y (4260) is pure DD; molecule,
which corresponds to the probability of finding a D;D
component in the physical wave function of the bound
states ¢?=1, we obtain the coupling constant x

|z]=14.62113:+6.20 GeV, (3)

where the first errors are due to the uncertainties of the
binding energies, and the second ones are from the ap-
proximate nature of Eq. (2).

The effective Lagrangian relevant to the light vector
mesons can be obtained as follows [78, 79],

£V = lgD* DVE€aBur (Daa D*BT —D*ﬁT aa Dj ) aM ) %4
g pyeasn (DD D79, D' )a" V"
+H.c., (4)
and the effective Lagrangian for the light pseudoscalar
mesons are constructed based on both heavy quark spin-
flavor transformation and chiral transformation [80-83].

Accordingly, the interaction terms studied in the present
work read

EP = ngD*p[3D§‘(8uay P)D*TV—DT (a” au P)D;T]
+9p,5+7[3D*"(9,,0, P) DY —D*™(9"9, P) Dy,
+H.c., (5)
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with D) =(D®+, D®O D) and D) = (D)=, DI,

D{¥~). P and V denote the 3x3 matrices for the pseu- |

Q !y
+ncoso¢p+77 sinap -

V2 V2

T ——=+

ncosap+n'sinap

K-

The physical states 1 and n’, which should be linear
combinations of ni = (uti+dd)/v/2 and s3, are taken to
be the following form

[n) = cosap|ni)—sinapl|ss),
|n') = sinap|nn)+cosap|ss), (7)

where ap &~ fp+arctany/2. The empirical value for the
pseudoscalar mixing angle 6p should be in the range
—22°-—13° [10], and here we take p=—19.3° [54].

The coupling constants relevant to the light vector
mesons in Eq. (4) read

1
gD*DV:_QE*Ev:_ﬁ/\gVu (8)

where f,=132 MeV is the pion decay constant, and the
parameter gy is given by gy =m,/f. [83]. By matching
the form factor obtained from the light cone sum rule
and that calculated from lattice QCD, we can obtain the
parameter A=0.56 GeV~"' [84].

In the chiral and heavy quark symmetry limit, the
coupling constants relevant to the pseudoscalar mesons
in Eq. (5) are

V6 R
AV )

Here A, is the momentum scale characterizing the con-
vergence of the derivative expansion, usually taken as
the chiral symmetry breaking scale A, ~ 1 GeV. The
coupling h', which is relevant to Ay, i.e., the difference
between the charmed meson doublet mass and the mass
of the heavy quark involved, can be obtained in a con-
stituent quark-meson model [85]. If one take the value
Aup=0.440.1 GeV, then one can obtain h'=0.651535 [85].
As the total D3 width is dominated by the one pion
mode in the chiral heavy meson Lagrangian, one can use
the experimental result of 49.0+1.4 MeV to extract an
experimental value for A’ to be 0.7440.01 [10]. Here, we
take h’'=0.7440.01 as an estimate.

The loop transition amplitudes for the transitions in
Fig. 1 can be expressed in a general form in the effective
Lagrangian approach as follows,

d4‘]2 TVT5Ts 2
Aﬁ_J(%)“ 2 dranay” %)
D*pol.

9gp*D;P = YD*DyP—

(10)

where T; and a;=¢?—m? (i=1, 2, 3) are the vertex func-
tions and the denominators of the intermediate meson

—nsinap+n'cosap

doscalar octet and vector nonet, respectively [55], i.e.,

K+
KO aV: p- _p_+_ K*O . (6)

K*O ¢

| propagators, respectively. As mentioned above, the mass
of Y(4260) is slightly below the S-wave D,D threshold,
so the off-shell effects of intermediate D; and D should
be smaller than that of the exchanged particle. So, in or-
der to take care of the off-shell effects of the exchanged
particles [37, 86, 87], we adopt a monopole form factor

A2 —mZ
A2—q3’

with A=my+adqep, and the QCD energy scale Aqep=
220 MeV.

f(m%QS)

(11)

v
5 T
Y(4260)
| K
D, ———
P
Fig. 1. The hadron-level diagrams for Y (4260) —

VP with DD as the intermediate states. V and P
denote the light vector and pseudoscalar mesons,
respectively.

3 Numerical results

The width of Y(4260) is about 95+14 MeV [10], so
we should take into account the mass distribution of the
Y(4260) in the calculations of its decay widths. Then
the decay width of Y(4260) — VP can be calculated as
follows [88],

my +2Iy )2

(2m)*
I- vp = — d
Y (4260) VP II,J:mery)2 S 2\/5

1 -1
d®,|APP~Im | ———————
XJ 2|l T m(s—m§(+imyfy)’
(12)

where A are the loop transition amplitudes for the pro-
cesses in Fig. 1. The factor 1/W with

my+2Fy)2 1
W= f (2—> ds, (13)
(my —2Ty )2 s—my+imy Iy
is used to normalize the spectral function of the Y(4260)
state.
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Before proceeding to the numerical results, we first
discuss the possible uncertainties involved in the calcu-
lations. The first uncertainty is the assumption of the
probability ¢=1 for the D, D structure for Y(4260). As
shown in Eq. (2), the predicted branching ratios are pro-
portional to probability ¢?. The second one comes from
the width effects of Y(4260) and the final p mesons. We
have checked that the width effect of p meson causes only
a minor change of about 1%-5%, which is because the
mass of the final states are about 3 GeV below Y(4260).

In Fig. 2, we present the total branching ratio of all
possible Y(4260) — VP in terms of the cutoff parameter
«. The upper and lower limits are obtained with the
upper and lower limits of the coupling constant in (3).
As shown from this figure, there is no cusp structure
in the curve. This is because the mass of Y(4260) lies
below the intermediate D;D threshold. The branching
ratios are not drastically sensitive to the cutoff parame-
ter, which indicates a reasonable cutoff of the ultraviolet
contributions by the empirical form factors to some ex-
tent.

To show the branching ratios of Y(4260) to different
VP channels explicitly, we list the predicted branching
ratios of Y(4260) for each decay channel with a = 2.0
and 3.0 in Table 1, with comparison to the numerical
results obtained without a form factor. Notice that the
given errors are from the uncertainties of the the cou-
pling constants in Eq. (3). As shown in Table 1, the total
branching ratio of Y(4260) — VP is about (8.0377%5)%
without form factor. Obviously, the obtained branching
ratio in this way is somewhat larger than expected. In
principle, since the Y(4260) is taken to be a D;D+c.c.
molecule, so the main decay channel would be D*Dr.
This is because the exchanged charmed mesons are usu-
ally off-shell, which indicates the necessity of considering
the form factor. As shown in the last two columns in
Table 1, the total branching ratio of Y(4260) — VP are

Table 1.
by the use of Eq. (2).

from (3.367331)x1073 to (7.48%%72)x10~% with the cutoff
parameter a=2.0-3.0.

— T

0.015

0.010
S
0.005
O i L T L s 1 L L I 1 1 I . L I L s 1 n 1 I i
2.0 22 2.4 2.6 2.8 3.0
o
Fig. 2. The a dependence of the total branching
ratios of Y(4260) — VP. The upper and lower
limits are obtained with the upper and lower lim-
its of the coupling constant in Eq. (3).
2.0
1.5+ R
=}
210 | 1
0.5
0 1 1
2.0 22 24 2.6 2.8 3.0
a
Fig. 3. The a dependence of the total branching

ratios of Y(4260) — VP. The upper and lower
limits are obtained with the upper and lower lim-
its of the coupling constant in Eq. (3).

The predicted branching ratios of Y(4260) decays with different o values. The uncertainties are dominated

final states no form factor

monopole form factor

a=2.0 a=3.0

070 (1.46T121)x1072 (8.9378-28yx 104 (1.98T1-94)x1073

pmt (4.397525)x1072 (2.617358)x1073 (5.9275 72 )x1073
K*tK~ +c.c. (4.907572)x1073 (1.097 598 x10~4 (3.2775 32 )x10*
K*0K~+c.c. (4.967578)x1073 (1447538 yx 10~ (3.2173:99)x10~4
wn (1.3775:33)x1072 (3.637331)x10~4 (8.18TT-88)x 104

wn’ (1.257 528 )x1072 (3.47T335yx 1075 (8.3878:13)x1075

o (2.93738%)x10°7 (9.487 %13 )x107° (1.967152)x10~8

on’ (8.18T 88y x10-7 (3.2773:15)x10~8 (6.527527)x 108

wn® (5.227592)x10~7 (1447139 yx10~8 (3.097297)x10~8
total (8.037T18)% (3.367321)x1073 (7.48TT32)x1073
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For the isospin-violating channels, i.e., Y(4260) —
w7, pn, and pn’, the charged and neutral charmed
meson loops should cancel out exactly in the isospin
symmetry limit. In other words, the mass difference
between the u and d quark will lead to mg)i #* mg)o
due to the isospin symmetry breaking. As a result, the
charged and neutral charmed meson loops cannot com-
pletely cancel out, and the residue part will contribute to
the isospin-violating amplitudes. The branching ratios of
these isospin-violating channels as shown in Table 1 are
suppressed. Differing from the isospin-violating chan-
nels, since there are no cancelations between the charged
and neutral meson loops for the isospin isospin conserved
channels, i.e., Y(4260)— pmt, K*K+c.c, wn, and wn’, so
the calculated branching ratios of these channels are 3—4
orders of magnitude larger than those of the isospin vi-
olated channels. As shown in this table, at the same «,
the predicted branching ratios of Y(4260)— wn are one
order of magnitude larger than those of Y(4260)— wn’.
The reasons may attribute to the different ni component
and different phase space. We suggest experimental mea-
surements to test this point.

In order to better understand the decay mechanism
of Y(4260), we define the following ratio

_ Br(Y(4260)—VP)
~ Br(Y(4260)—Z (3900)r )’

(14)

which is plotted in Fig. 3 for the dependence on the cut-
off parameter. The ratio is less sensitive to the cutoff
parameter, which is a consequence of the fact that the
involved loops are the same. The predicted branching
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