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We calculate the branching ratio for the production of the meson Y (4260) in the decay B− →
Y (4260)K −. We use QCD sum rules approach and we consider the Y (4260) to be a mixture between 
charmonium and exotic tetraquark, [c̄q̄][qc], states with J PC = 1−−. Using the value of the mixing 
angle determined previously as: θ = (53.0 ± 0.5)◦, we get the branching ratio B(B → Y (4260)K ) =
(1.34 ± 0.47) × 10−6, which allows us to estimate an interval on the branching fraction 3.0 × 10−8 <

BY < 1.8 × 10−6 in agreement with the experimental upper limit reported by BaBar Collaboration.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
The Y (4260) state was first observed by BaBar Collaboration
in the e+e− annihilation through initial state radiation [1], and it 
was confirmed by CLEO and Belle Collaborations [2]. The Y (4260)

was also observed in the B− → Y (4260)K − → J/�π+π−K −
decay [3], and CLEO reported two additional decay channels: 
J/�π0π0 and J/�K +K − [2]. The Y (4260) is one of the many 
charmonium-like states, called X , Y and Z states, recently ob-
served in e+e− collisions by BaBar and Belle Collaborations that 
do not fit the quarkonia interpretation. The production mecha-
nism, masses, decay widths, spin–parity assignments and decay 
modes of these states have been discussed in some reviews [4–7]. 
The Y (4260) is particularly interesting because some new states 
have been identified in the decay channels of the Y (4260), like 
the Z+

c (3900). The Z+
c (3900) was first observed by the BESIII 

Collaboration in the (π± J/ψ) mass spectrum of the Y (4260) →
J/ψπ+π− decay channel [8]. This structure was also observed at 
the same time by the Belle Collaboration [9] and was confirmed 
by the authors of Ref. [10] using CLEO-c data.

The decay modes of the Y (4260) into J/ψ and other charmo-
nium states indicate the existence of a c̄c in its content. However, 
the attempts to classify this state in the charmonium spectrum 
have failed since the �(3S), �(2D) and �(4S) cc̄ states have been 
assigned to the well established �(4040), �(4160), and �(4415)

mesons respectively, and the prediction from quark models for the 
�(3D) state is 4.52 GeV. Therefore, the mass of the Y (4260) is not 
consistent with any of the 1−− cc̄ states [4,5].
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Some theoretical interpretations for the Y (4260) are: tetraquark 
state with scalar diquarks in P -wave with ss̄ light quark com-
ponents [11], tetraquark state with one scalar and one axial di-
quarks (same as the X(3872)) in P -wave with qq̄ light quark 
components [12], hadronic D1 D , D0 D∗ molecule [13], χc1ω
molecule [14], χc1ρ molecule [15], J/ψ f0(980) molecule [16], 
a hybrid charmonium [17], a charm-baryonium [18], a cusp 
[19–21], etc. Within the available experimental information, none 
of these suggestions can be completely ruled out. However, there 
are some calculations, within the QCD sum rules (QCDSR) approach 
[5,22–24], that cannot explain the mass of the Y (4260) suppos-
ing it to be a pure tetraquark state in S-wave with ss̄ or qq̄ light 
quark components [25], or a pure tetraquark state with scalar di-
quarks in P -wave with ss̄ or qq̄ light quark components [26,27], or 
a D1 D , D0 D∗ hadronic molecule [25], or a J/ψ f0(980) molecular 
state [28].

In the framework of the QCDSR, the mass and the decay width, 
in the decay channel J/ψ ππ , of the Y (4260) were computed 
in Ref. [29] with good agreement with data, considering it as 
a mixing between the J/ψ charmonium and a tetraquark state 
with one scalar and one vector diquarks in S-wave and qq̄ light 
quark components. The mixing is done at the level of the hadronic 
currents and, physically, this corresponds to a fluctuation of the 
cc state where a gluon is emitted and subsequently splits into 
a light quark–antiquark pair, which lives for some time and be-
haves like a tetraquark-like state. The same approach was applied 
to the X(3872) state and good agreement with the data was ob-
tained for its mass and the decay width into J/ψππ [30], its 
radiative decay [31], and also in the X(3872) production rate in 
B decay [32].
 under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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Fig. 1. The process for production of the Y (4260) state in B meson decay, mediated 
by an effective vertex operator O2.

In this work we will focus on the production of the Y (4260), 
using the mixed two-quark and four-quark prescription of Ref. [29]
to perform a QCDSR analysis of the process B− → Y (4260)K − . 
The experimental upper limit on the branching fraction for such 
a production in B meson decay has been reported by BaBar Col-
laboration [3], with 95% C.L.,

BY < 2.9 × 10−5 (1)

where BY ≡ B(B− → K −Y (4260), Y (4260) → J/ψπ+π−).
The process B → Y (4260)K occurs via weak decay of the b

quark, while the u quark is a spectator. The Y meson as a mixed 
state of tetraquark and charmonium interacts via c̄c component of 
the weak current. In effective theory, at the scale μ ∼ mb � mW , 
the weak decay is treated as a four-quark local interaction de-
scribed by the effective Hamiltonian (see Fig. 1):

HW = G F√
2

V cb V ∗
cs

[(
C2(μ) + C1(μ)

3

)
O2 + · · ·

]
, (2)

where V ik are CKM matrix elements, C1(μ) and C2(μ) are short 
distance Wilson coefficients computed at the renormalization scale 
μ ∼ O(mb). The four-quark effective operator is O2 = J (c̄c)

μ J W
μ , 

with

J W
μ = s̄	μb , J (c̄c)

μ = c̄	μc , (3)

and 	μ = γμ(1 − γ5).
Using factorization, the decay amplitude of the process is cal-

culated from the Hamiltonian (2), by splitting the matrix element 
in two pieces:

M = i
G F√

2
V cb V ∗

cs

(
C2 + C1

3

)

× 〈B(p)| J W
μ |K (p′)〉〈Y (q)| Jμ(c̄c)|0〉, (4)

where p = p′ + q. Following Ref. [32], the matrix elements in 
Eq. (4) are parametrized as:

〈Y (q)| J (c̄c)
μ |0〉 = λW ε∗

μ(q) , (5)

and

〈B(p)| J W
μ |K (p′)〉 = f+(q2)(pμ + p′

μ) + f−(q2)(pμ − p′
μ) . (6)

The parameter λW in (5) gives the coupling between the cur-
rent J (c̄c)

μ and the Y state. The form factors f±(q2) describe the 
weak transition B → K . Hence we can see that the factorization 
of the matrix element describes the decay as two separated sub-
processes.

The decay width for the process B− → Y (4260)K − is given by

	(B → Y K ) = |M|2
16πm3

√
λ(m2

B ,m2
K ,m2

Y ), (7)

B

with λ(x, y, z) = x2 + y2 + z2 − 2xy − 2xz − 2yz. The invariant am-
plitude squared can be obtained from (4), using (5) and (6):

|M|2 = G2
F

2m2
Y

|V cb V cs|2
(

C2 + C1

3

)2

λ(m2
B ,m2

K ,m2
Y )λ2

W f 2+ . (8)

The coupling constant f+ was determined in Ref. [32] through 
extrapolation of the form factor f+(Q 2) to the meson pole Q 2 =
−m2

Y , using the QCDSR approach for the three-point correlator 
[33]:


μ(p, p′) =
∫

d4x d4 y ei(p′·x− p·y)〈0|T { J W
μ (0) ×

× J K (x) J †
B(y)}|0〉, (9)

where the weak current, J W
μ , is defined in (3) and the interpolat-

ing currents of the B and K pseudoscalar mesons are:

J K = i ūaγ5sa , J B = i ūaγuba . (10)

The obtained result for the form factor was [32]:

f+(Q 2) = (17.55 ± 0.04) GeV2

(105.0 ± 1.8) GeV2 + Q 2
. (11)

For the decay width calculation, we need the value of the form 
factor at Q 2 = −m2

Y , where mY is the mass of the Y (4260) meson. 
Using mY = (4251 ± 9) MeV [34] we get:

f+(Q 2)|Q 2=−m2
Y

= 0.206 ± 0.004 . (12)

The parameter λW can also be determined using the QCDSR 
approach for the two-point correlator:


μν(q) = i

∫
d4 y eiq·y〈0|T { J Y

μ(y) J (c̄c)
ν (0)}|0〉 , (13)

where the current J (c̄c)
ν is defined in (3). For the Y meson we will 

follow [29] and consider a mixed charmonium-tetraquark current:

J Y
μ = sin θ J (4)

μ + cos θ J (2)
μ , (14)

where

J (4)
μ = εabcεdec√

2

[
(qT

a Cγ5cb)(q̄dγμγ5Cc̄T
e ) +

+ (qT
a Cγ5γμcb)(q̄dγ5Cc̄T

e )
]
, (15)

J (2)
μ = 1√

2
〈q̄q〉

(
c̄aγμca

)
≡ 1√

2
〈q̄q〉 J ′ (2)

μ . (16)

In Eq. (14), θ is the mixing angle that was determined in [29] to 
be: θ = (53.0 ± 0.5)0.

Inserting the currents (3) and (14) in the correlator we have in 
the OPE side of the sum rule


OPE
μν (q) = sin θ 
4,2

μν (q) + 〈q̄q〉√
2

cos θ 
2,2
μν (q) , (17)

where


4,2
μν (q) = i

∫
d4 y eiq·y〈0|T { J (4)

μ (y) Jν(c̄c)(0)}|0〉


2,2
μν (q) = i

∫
d4 y eiq·y〈0|T { J ′ (2)

μ (y) Jν(c̄c)(0)}|0〉 . (18)

Only the vector part of the current J (c̄c)
ν contributes to the corre-

lators in Eq. (18). Therefore, these correlators are the same as the 
ones calculated in Ref. [29] for the mass of the Y (4260).
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Table 1
QCD input parameters.

Parameters Values

mc (1.23 − 1.47) GeV

〈q̄q〉 −(0.23 ± 0.03)3 GeV3

〈g2
s G2〉 (0.88 ± 0.25) GeV4

m2
0 ≡ 〈q̄Gq〉/〈q̄q〉 (0.8 ± 0.1) GeV2

To evaluate the phenomenological side we insert intermediate 
states of the Y :



phen
μν (q) = i

q2 − m2
Y

〈0| J Y
μ|Y (q)〉〈Y (q)| J (c̄c)

ν |0〉 ,

= iλY λW

Q 2 + m2
Y

(
gμν − qμqν

m2
Y

)
(19)

where q2 = −Q 2, and we have used the definition (5) and

〈0| J Y
μ|Y (q)〉 = λY εμ(q) . (20)

The parameter λY , that defines the coupling between the current 
J Y
μ and the Y meson, was determined in Ref. [29] to be: λY =

(2.00 ± 0.23) × 10−2 GeV5.
As usual in the QCDSR approach, we perform a Borel transform 

to Q 2 → M2
B to improve the matching between both sides of the 

sum rules. After performing the Borel transform in both sides of 
the sum rule we get in the gμν structure:

λW λY e
− m2

Y
M2

B = sin θ√
2


4,2(M2
B) + 〈q̄q〉√

2
cos θ 
2,2(M2

B) (21)

where the invariant functions 
2,2(M2
B) and 
4,2(M2

B) are written 
in terms of a dispersion relation,


(M2
B) =

∞∫
4m2

c

ds e−s/M2
B ρ(s) , (22)

with their respective spectral densities ρ2,2(s) and ρ4,2(s) given in 
Appendix A.

We perform the calculation of the coupling parameter λW us-
ing the same values for the masses and QCD condensates as in 
Ref. [29] which are listed in Table 1. To be consistent with the 
calculation of λY we also use the same region in the threshold pa-
rameter s0 as in Ref. [29]: 

√
s0 = (4.70 ± 0.10) GeV. As one can 

see in Fig. 2, the region where we get M2
B -stability is given by: 

(8.0 ≤ M2
B ≤ 25.0) GeV2.

Taking into account the variation in the Borel mass parameter, 
in the continuum threshold, in the quark condensate, in the cou-
pling constant λY and in the mixing angle θ , the result for the λW

parameter is:

λW = (0.90 ± 0.32) GeV2 . (23)

Thus we can calculate the decay width in Eq. (7) by using the 
values of f+(−M2

Y ) and λW , determined in Eqs. (12) and (23). The 
branching ratio is evaluated dividing the result by the total width 
of the B meson 	tot = 4.280 × 10−4 eV:

B(B → Y (4260)K ) = (1.34 ± 0.47) × 10−6 , (24)

where we have used the CKM parameters V cs = 1.023, V cb =
40.6 × 10−3 [34], and the Wilson coefficients C1(μ) = 1.082, 
C2(μ) = −0.185, computed at μ = mb and �̄MS = 225 MeV [35].
Fig. 2. The coupling parameter λW as a function of M2
B , for different values of the 

continuum threshold.

In order to compare the branching ratio in Eq. (24) with the 
branching fraction obtained experimentally in Eq. (1), we might 
use the results found in Ref. [29]:

B(Y (4260) → J/ψ π+π−) = (4.3 ± 0.9) × 10−2 , (25)

and then, considering the uncertainties, we can estimate BY >

3.0 × 10−8. However, it is important to notice that the authors 
in Ref. [29] have considered two pions in the final state com-
ing only from intermediate states, e.g. σ and f0(980) mesons, 
which could indicate that the result in Eq. (25) can be under-
estimated. In this sense, considering that the main decay chan-
nel observed for the Y (4260) state is into J/ψ π+π− , we would 
naively expect that the branching ratio into this channel could also 
be B(Y (4260) → J/ψ π+π−) ∼ 1.0, which would lead to the fol-
lowing result, BY < 1.8 ×10−6. Therefore, we obtain an interval on 
the branching fraction

3.0 × 10−8 < BY < 1.8 × 10−6 (26)

which is in agreement with the experimental upper limit re-
ported by BaBar Collaboration given in Eq. (1). In general the 
experimental evaluation of the branching fraction takes into ac-
count additional factors related to the numbers of reconstructed 
events for the final state ( J/ψ π+π−K ), for the reference process 
(B → Y (4260)K ), and for the respective reconstruction efficiencies. 
However, since such information has not been provided in Ref. [3], 
we have neglected these factors in the calculation of the branch-
ing fraction BY . Therefore, the comparison of our result with the 
experimental result could be affected by these differences.

In conclusion, we have used the QCDSR approach to evalu-
ate the production of the Y (4260) state, considered as a mixed 
charmonium-tetraquark state, in the decay B → Y K . Using the fac-
torization hypothesis, we find that the sum rules result in Eq. (24), 
is compatible with the experimental upper limit. Our result can be 
interpreted as a lower limit for the branching ratio, since we did 
not considered the non-factorizable contributions.

Our result was obtained by considering the mixing angle in 
Eq. (14) in the range θ = (53.0 ± 0.5)0. This angle was determined 
in Ref. [29] where the mass and the decay width of the Y (4260)

in the channel J/ψπ+π− were determined in agreement with ex-
perimental values. Therefore, since there is no new free parameter 
in the present analysis, the result presented here strengthens the 
conclusion reached in [29] that the Y (4260) is probably a mixture 
between a cc̄ state and a tetraquark state.

As discussed in [32], it is not simple to determine the charmo-
nium and the tetraquark contribution to the state described by the 
current in Eq. (14). From Eq. (14) one can see that, besides the 
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sin θ , the cc̄ component of the current is multiplied by a dimen-
sional parameter, the quark condensate, in order to have the same 
dimension of the tetraquark part of the current. Therefore, it is not 
clear that only the angle in Eq. (14) determines the percentage of 
each component. One possible way to evaluate the importance of 
each part of the current it is to analyze what one would get for 
the production rate with each component, i.e., using θ = 0 and 90◦
in Eq. (14). Doing this we get respectively for the pure tetraquark 
and pure charmonium:

B(B → Y tetra K ) = (1.25 ± 0.23) × 10−6 , (27)

B(B → Yc̄c K ) = (1.14 ± 0.20) × 10−5 . (28)

Comparing the results for the pure states with the one for the 
mixed state (24), we can see that the branching ratio for the pure 
tetraquark is one order smaller, while the pure charmonium is 
larger. From these results we see that the cc̄ part of the state plays 
a very important role in the determination of the branching ra-
tio. On the other hand, in the decay Y → J/ψπ+π− , the width 
obtained in our approach for a pure cc̄ state is [29]:

	(Yc̄c → J/ψππ) = 0 , (29)

and, therefore, the tetraquark part of the state is the only one that 
contributes to this decay, playing an essential role in the determi-
nation of this decay width.

Therefore, although we cannot determine the percentages of the 
cc̄ and the tetraquark components in the Y (4260), we may say 
that both components are extremely important, and that, in our 
approach, it is not possible to explain all the experimental data 
about the Y (4260) with only one component.

A recent study made in Ref. [12], considering the model of S
and P wave tetraquarks, proposes a very promising picture for 
the J P C = 1++ and 1−− sectors of the recently discovered charged 
charmonium states and the observed Y resonances, including the 
Y (4260). For the X(3872) and Z+

c (3900) the same structures pro-
posed in [12] have already been considered in the QCDSR ap-
proach with very good agreement with experimental data [36,37]. 
In the case of the Y (4260), it would be very interesting to use 
the proposed structure, tetraquark state with same diquarks as the 
X(3872) in P -wave, in a QCDSR study since, as commented in the 
introduction, it was not possible up to now to explain the Y (4260)

in the QCDSR approach with pure tetraquark configurations. Work 
in this direction is under consideration.
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Appendix A. Spectral densities for the two-point correlation 
function

We list the spectral densities for the invariant functions related 
to the coupling between the current J (c̄c)

μ and the Y (4260) state. 
We consider the OPE contributions up to dimension-five conden-
sates and keep terms at leading order in αs . In order to retain 
the heavy quark mass finite, we use the momentum-space expres-
sion for the heavy quark propagator. We calculate the light quark 
part of the correlation function in the coordinate-space and use 
the Schwinger parametrization to evaluate the heavy quark part of 
the correlator. For the d4 y integration in Eq. (13), we use again 
the Schwinger parametrization, after a Wick rotation. Finally, the 
result of these integrals are given in terms of logarithmic functions 
through which we extract the spectral densities. The same tech-
nique can be used for evaluating the condensate contributions.

Then, in the gμν structure, we evaluate the spectral densities 
for the 
2,2(M2

B) function,

ρ2,2(s) = m2
c

4π2
v
(

2 + 1

x

)
+ 〈g2

s G2〉
48π2

v

M2
B

[
4
(

1 − 1

x

)

− m2
c

M2
B x

(
11 − 5

x

)
+

( m2
c

M2
B x

)2(
3 − 1

x

)]
, (A.1)

and for the 
2,4(M2
B) function,

ρ2,4(s) = −m2
c 〈q̄q〉

12π2
v
(

2 + 1

x

)
+ 〈q̄Gq〉

24π2
v
(

1 − m2
c

M2
B x

)
(A.2)

where we have used the definitions

x = m2
c /s (A.3)

v = √
1 − 4x . (A.4)
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