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Abstract. In our previous study, we calculated the transition form factors of J/ψ→D
(∗)
(s)
using the QCD

sum rules. Based on the factorization approximation, the form factors obtained can be applied to evaluate

the weak non-leptonic decay rates of J/ψ→D
(∗)
(s)
+M , where M stands for a light pseudoscalar or vector

meson. We predict that the branching ratio for inclusive non-leptonic two-body weak decays of J/ψ, which
are realized via the spectator mechanism, can be as large as 1.3×10−8; in particular, the branching ratio
of J/ψ→D∗±s +ρ

∓ can reach 5.3×10−9. Such values will be marginally accessed by the ability of BESIII,
which will begin running very soon.

PACS. 13.20.Gd; 13.25.Gv

1 Introduction

The decays of J/ψ are dominated by strong and electro-
magnetic interactions via cc̄ annihilating into intermedi-
ate gluons and a photon in the s-channel. By contrast,
weak decays, due to the smallness of the strength of the
weak interaction, are rare processes. In the spectator ap-
proximation, one of the charm quark or anti-charm quark
in J/ψ decays into light quarks, and the decay rate of
a charm quark (anti-quark) is proportional toG2Fm

5
c where

GF is the Fermi coupling constant. Numerically the total
branching ratio of weak decays was estimated to at the
order of 10−8 [1]. Recently, due to remarkable improve-
ments of experimental instruments and techniques peo-
ple turn their interests onto these rare processes from
both the experimental [2, 3] and theoretical [4–6] sides.
The forthcoming upgraded BESIII will be able to accu-
mulate more than 1010 J/ψ per year [7], which makes
it possible to marginally measure such weak decays in
the near future. More important, such rare processes are
also particularly interesting from the viewpoint of the
theory. On the one hand, it may provide a further ac-
curate examination of the mechanism, which is respon-
sible for the hadronic transition and fully governed by
non-perturbative QCD effects. One can also expect that
such decays may offer a unique opportunity to probe new
physics beyond the standard model [8, 9], including the
minimal supersymmetric standard model, the extra di-
mension model, the two-Higgs doublet, topcolor-assisted
technicolor model etc., in the weak decay of vector mesons.
The reason is that in such rare decays, the weak coup-
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ling is rather weak and new physics may have a chance to
show up.
In a previous study, we presented a detailed analysis

of the semi-leptonic decays of J/ψ [6], where the branch-
ing ratios for such channels were estimated to be at order
of 10−10 and hence almost impossible to be observed at
BESIII.
The fundamental ingredients involved in the semi-

leptonic processes are the transition form factors of J/ψ→
D
(∗)
(s) , which are evaluated in terms of the three-point QCD

sum rules (QCDSR) [10–12] in that work. Obviously, even
though while deriving the form factors our goal was to es-
timate the branching ratios of semi-leptonic decays, under
the factorization approximation, they can be applied to
study the non-leptonic decays. Thus, we will take the step
forward to investigate the exclusive non-leptonic decays
with focusing on two-body processes.
In this study, we will explore the non-leptonic decays

J/ψ→D(∗)(s) +M , where the final states contain a single
charmed meson and a light meson M , such as π, K, ρ,
K∗, etc. These weak decays are realized via the spectator
mechanism, meaning that one of the charm quark (anti-
charm quark) acts as a spectator. In the standard model,
at the quark level, the Feynman diagrams for charm quark
decay are depicted in Fig. 1. The anti-charm quark decay
can be obtained analogously by exchanging c↔ c̄. The ef-
fective theory for hadronic weak decays have been well
formulated [13]. The most difficult work is to calculate the
hadronic matrix elements that are governed by the non-
perturbative QCD dynamics.
Non-relativistic QCD can simplify the picture by phe-

nomenologically handling some non-perturbative QCD ef-
fects and has been widely applied to study some decay
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Fig. 1. Quark diagrams for non-leptonic weak decays of J/ψ.
a represents the color allowed processes; b represents the color
suppressed processes; c and d represent single-Cabibbo sup-
pressed processes

modes, where heavy quarkonium is involved. However, it
does not help much for the heavy-light mesons, where rel-
ativistic effects may be significant.
The first order approximation for the derivation is the

factorization hypothesis, where the hadronic matrix elem-
ent is factorized into a product of two matrix elements of
single currents [14–19]. In this scheme, one element can
be written in terms of the decay constant of the meson
concerned, while the other is expressed by a few form fac-
tors according to the Lorentz structure of the current and
meson (a pseudoscalar or vector, for example). The non-
factorizable effects are incorporated into the effective co-
efficients, which are usually assumed to be universal and
determined by experiment. (Only in some cases, they are
perturbatively calculable. In reality, these coefficients de-
pend on the concrete processes and differ case by case, but
the variation may be not very drastic.) For the weak de-
cays of heavy mesons, such a factorization approach is ver-
ified to work very well for the color allowed sub-processes.
It is reasonable to believe that this conjecture would be
valid for J/ψ, at least for the processes in which the color
allowed sub-processes dominate. Thus, the study of two-
body non-leptonic decays offers an ideal opportunity to
test the factorization hypothesis in the heavy-quarkonium
system, and this test may be more appealing than in de-
cays ofD(∗), because J/ψ contains two heavy constituents.
Moreover, it is of great importance to discriminate vari-
ous theoretical tools for the evaluations of transition form
factors.
The structure of this paper is as follows. In Sect. 2,

the factorization approach for the non-leptonic decays
is introduced and the formulas are given. In Sect. 3,
after displaying the input involved in this work explic-
itly, the numbers of the branching fractions for various

J/ψ→D(∗)(s) +M modes are presented and comparisons
of our numerical results with those estimated in other
theoretical models are also investigated at length in this

section. The final section is devoted to a discussion and
conclusions. It is noted that since most of the form fac-
tors applied in this work were obtained in our previous
work, we generally refer the readers to it for some details
of the derivation and for how to achieve the numerical
values.

2 Non-leptonic decays J/ψ→D(s)+M
in the factorization approach

For the non-leptonic weak decays of J/ψ→D(s)+M , the
standard method is integrating out the heavy W -boson
and obtaining a low energy effective Hamiltonian for c
quark decay, which is given by

Heff(c→ quq̄
′) =

GF√
2
V ∗cqVuq′(C1Q1+C2Q2) , (1)

where q(q′) represents the down type quarks s and d;
V ∗cq(Vuq′) are CKM matrix elements; and the operatorsQ1
andQ2 are,

Q1 = q̄αγµ(1−γ5)cαq̄
′
βγ
µ(1−γ5)uβ ,

Q2 = q̄αγµ(1−γ5)cβ q̄
′
βγ
µ(1−γ5)uα . (2)

It should be pointed out that the penguin operators are
neglected in this work due to the smallness of the Wil-
son coefficients for such operators, which also indicates
that CP symmetry is well respected within the accepted
assumption.
With the free quark decay amplitude, we can pro-

ceed to calculate the transition amplitudes for J/ψ→D+
M at hadron level, which can be obtained by sandwich-
ing the free-quark operators between the initial and final
mesonic states. Consequently, the hadronic matrix elem-
ents 〈DM |Qi|J/ψ〉, which depend on the strong inter-
actions, need to be computed. The evaluation is indeed
the main challenge in heavy flavor physics due to our
poor knowledge with respect to non-perturbative QCD.
Owing to the painstaking efforts in the theory, several
systemic approaches for hadronic B decays have been ex-
plored based on the expansion in small parameters [20].
However, a systematic theoretical method for open-charm
decays is still not available yet, due to the fact that the
accessible charm quark mass is not so heavy in reality.
As a first order approximation, we may apply the vacuum
saturation approximation to factorize the four-quark op-
erator matrix elements 〈DM |Qi|J/ψ〉. The consistency of
the theoretical prediction with data (which may be avail-
able in the future) will serve as an examination of such
approximation in the heavy-quarkonium system as men-
tioned in the introduction. To be more specific, the fac-
torization ansatz [14] states that the matrix elements can
be factorized into a product of two single matrix elem-
ents of currents 〈M |J1|0〉〈D|J2|J/ψ〉, where one is param-
eterized by the decay constant of the emitted light meson
and the other is represented by the form factors respon-
sible for the transition of J/ψ into the recoiled charmed
meson.
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The decay constants for pseudoscalar (P ) and vector
(V ) mesons are defined as follows:

〈P (q)|Aµ|0〉=−ifP qµ ,

〈V (q, ε)|Vµ|0〉= fVmV ε
∗
µ , (3)

where the axial vector current Aµ represents q̄1γµγ5q2 and
the vector current Vµ represents q̄1γµq2; ε is the polariza-
tion vector of V . The matrix elements 〈D|q̄γµ(1−γ5)c|J/ψ〉
are parameterized in terms of various form factors as
follows [6]:

〈D(p2)|q̄γµ(1−γ5)c|J/ψ(εψ, p1)〉

=−εµναβε
ν
ψp
α
1 p
β
2

2V (q2)

mψ+mD

+ i(mψ+mD)

[
εψµ−

εψ · q

q2
qµ

]
A1(q

2)

+ i
εψ · q

mψ+mD
A2(q

2)

[
(p1+p2)µ−

m2ψ−m
2
D

q2
qµ

]

+2imψ
εψ · q

q2
qµA0(q

2) , (4)

〈D∗(εD∗ , p2)|q̄γµ(1−γ5)c|J/ψ(εψ, p1)〉

=−iεµναβε
α
ψε
∗β
D∗

[(
pν1+p

ν
2−
m2ψ−m

2
D∗

q2
qν
)
Ã1(q

2)

+
m2ψ−m

2
D∗

q2
qνÃ2(q

2)

]
+

i

m2ψ−m
2
D∗
εµναβp

α
1 p
β
2

×
[
Ã3(q

2)ενψε
∗
D∗ · q− Ã4(q

2)ε∗νD∗εψ · q
]

+(εψ · ε
∗
D∗)
[
−(p1µ+p2µ)Ṽ1(q

2)+ qµṼ2(q
2)
]

+
(εψ · q)(ε∗D∗ · q)

m2ψ−m
2
D∗

[(
p1µ+p2µ−

m2ψ−m
2
D∗

q2
qµ

)
Ṽ3(q

2)

+
m2ψ−m

2
D∗

q2
qµṼ4(q

2)

]

− (εψ · q)ε
∗
D∗µṼ5(q

2)+ (ε∗D∗ · q)εψµṼ6(q
2) , (5)

where q = p1− p2, and the convention Tr[γµγνγργσγ5] =
4iεµνρσ is adopted. For the transition of J/ψ into a charmed
pseudoscalar meson, which is induced by the weak cur-
rent, there are four independent form factors: V , A0, A1,
A2; while there are ten form factors for J/ψ transiting into
a charmed vector meson, which are parameterized as Ãi
(i= 1, 2, 3, 4), Ṽj (j = 1, 2, 3, 4, 5, 6).
According to the quark diagrams in Fig. 1, the decays

are classified into two categories: color allowed and sup-
pressed processes. For the color allowed processes, the de-
cay amplitudes are proportional to

a1 = C1+C2/Nc , (6)

with Nc being the color number of QCD. Because C1 ∼ 1
andC2 ∼ αs, a1 is estimated to be of order 1. For the decays
shown in Fig. 1b, the amplitude is proportional to

a2 = C2+C1/Nc . (7)

As a2/a1 ∼ 1/Nc, this kind of decays are usually called
color suppressed processes.

For the decays of c→ sud̄, which is the Cabibbo fa-
vored process, the CKM element VcsVud responsible for
these modes is close to 1. For the Cabibbo suppressed tran-
sitions of c→ dud̄ and c→ sus̄, the corresponding CKM
parameters VcdVud and VcsVus are suppressed by a factor
sin θC ≈ 0.22 with θC being the Cabibbo angle. The dou-
bly suppressed processes, such as c→ dus̄, which are sup-
pressed by sin2 θC, are neglected in our case. Thus, the pre-
vailing decay modes are both color allowed and Cabibbo
favored ones. The less dominant modes are the color sup-
pressed but Cabibbo favored or color allowed but Cabibbo
suppressed processes. These are the processes we will focus
on in this study. Note that there are no annihilation type
contributions in our case at all.
Now, we are able to write down the decay amplitudes

associated with the non-leptonic two-body decays of J/ψ
explicitly based on the information we achieved before. In
light of the characters of final states, three different types
of the processes J/ψ→DP , DV , D∗P and D∗V will be
investigated one by one in the following sections. For J/ψ
decaying into two pseudoscalars where one is a D meson
and the other is a light meson P , the decay amplitude is
written as

A(J/ψ→DP ) = 〈DP |Heff|J/ψ〉

=
GF√
2
V ∗cqVuq′ai2mψ(εψ · q)fPA0(q

2) ,

(8)

where q denotes the momentum of the light emitted meson;
ai is the effective coefficients with a1 for a color allowed
process and a2 for a color suppressed process.
The decay amplitude of J/ψ→DV decay is given as

A(J/ψ→DV )

=
GF√
2
V ∗cqVuq′aifVmV

{
−εµναβε

∗µ
V ε
ν
ψp
α
ψp
β
D

2V (q2)

mψ+mD

+ i(mψ+mD)(εψ · ε
∗
V )A1(q

2)

+ i
(εψ · q)[ε∗V · (p1+p2)]

mψ+mD
2A2(q

2)

}
; (9)

for the decay amplitude of J/ψ→D∗P we have

A(J/ψ→D∗P )

= i
GF√
2
V ∗cqVuq′aifP

{
2iεµναβp

µ
1p
ν
2ε
α
ψε
∗β
D∗Ã1(q

2)

+ (εψ · ε
∗
D∗)
[
(m2ψ−m

2
D∗)Ṽ1(q

2)− q2Ṽ2(q
2)
]

+(εψ · q)(ε
∗
D∗ · q)

[
−Ṽ4(q

2)+ Ṽ5(q
2)− Ṽ6(q

2)
]}
. (10)

Lastly, the expressions for J/ψ→D∗V can be readily de-
rived from (3) and (4):

A(J/ψ→D∗V ) =
GF√
2
V ∗cqVuq′aifVmV

×

{
−iεµναβε

α
ψε
∗β
D∗ε

∗µ
V

[(
pν1 +p

ν
2−
m2ψ−m

2
D∗

q2
qν
)
Ã1(q

2)
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+
m2ψ−m

2
D∗

q2
qνÃ2(q

2)

]
+

i

m2ψ−m
2
D∗
εµναβp

α
1 p
β
2 ε
∗µ
V

×
[
Ã3(q

2)ενψε
∗
D∗ · q− Ã4(q

2)ε∗νD∗εψ · q
]

− (εψ · ε
∗
D∗)
[
ε∗V · (p1+p2)Ṽ1(q

2)
]

+
(εψ · q)(ε∗D∗ · q)

m2ψ−m
2
D∗

[
ε∗V · (p1+p2)Ṽ3(q

2)
]

−(εψ · q)ε
∗
D∗ · ε

∗
V Ṽ5(q

2)+ (ε∗D∗ · q)εψ · ε
∗
V Ṽ6(q

2)
}
, (11)

where ε∗V denotes the polarization vector of light emitted
mesons.

3 Decay rates for non-leptonic weak decays
of J/ψ

3.1 Input parameters

The decay rates of the non-leptonic decays J/ψ→D+M
can be written

Γψ→DM =
1

3

1

8π
|A(J/ψ→DM)|2

|pD|

m2ψ
, (12)

where pD denotes the three-momentum of the final D me-
son in the rest frame of J/ψ and the factor “ 13” is due to the
spin average of J/ψ. In order to calculate the decay rates,
the input parameters, including the CKM parameters, ef-
fective Wilson coefficients, decay constants and transition
form factors are necessary. The CKMparameters are taken
from [21]:

|Vud|= 0.974 , |Vus|= 0.227 ,

|Vcd|= 0.227 , |Vcs|= 0.973 . (13)

The effective Wilson coefficients are determined as [5]

a1 = 1.26 , a2 =−0.51 , (14)

which are extracted from the isospin analysis for D→Kπ
decays with the help of the factorization ansatz [22].
The decay constants for light mesons are taken as

[21, 23]

fπ = 0.131GeV , fK = 0.160GeV ,

fρ = 0.209±0.002GeV , fK∗ = 0.217±0.005GeV ,
(15)

where the pseudoscalar decay constants are experimentally
determined from the combined rate for P → l±νl and P →
l±νlγ, and the vector meson longitudinal decay constants
are extracted from the data on τ−→ (ρ−,K∗−)ντ [21].
Besides, the values of all the relevant transition form

factors Fi(q
2) are taken from our earlier study [6] where

the detailed expression are presented. In the literature, the
form factors A0 and A1 have been calculated in [4, 5]; they
are grouped in Table 1 together with the numbers obtained
by the QCD sum rule approach [6]. We can see that the

Table 1. The form factors A0 and A1 at q
2 = 0 responsible

for the decays of J/ψ→D(s) in the BSW model [4] and in the
QCDSR [6] approach

Models A
ψ→D
0 A

ψ→Ds
0 A

ψ→D
1 A

ψ→Ds
1

BSW 0.61 0.66 0.68 0.78
QCDSR 0.27 0.37 0.27 0.38

form factors at zero momentum transfer predicted in the
BSWmodel [24] are approximately greater than that in the
QCD sum rule calculation by a factor 2.

3.2 Branching ratios of non-leptonic decays

The numerical results of the branching ratios for the non-
leptonic decays of J/ψ→D(s)P are presented in Table 2,
where the numbers obtained in [4, 5] are also collected to-
gether for comparison. Here, the results are given for de-
cays, which include the charge conjugate process; for in-
stance, BR(J/ψ→Dsπ) is the branching ratio for the de-
cays of J/ψ→D+s π

−+D−s π
+.

Table 2 shows that the decay rate for the color allowed
and Cabibbo favored channel J/ψ→ Dsπ calculated in
this work is 5 times smaller than that given in [5]. Such a
discrepancy may be attributed to two aspects: firstly, an
SU(4)fijk rotation matrix is employed in [5] to relate the
J/ψ→Ds transition toD→K∗ decay, and the form factor
A0(0) is estimated as 0.7–0.8, which is almost twice that
computed in the QCD sum rule approach. Secondly, the
experimental result on the total decay width of J/ψ used
in [5] is 67.0 keV; however, this value has been updated to
93.4±2.1keV [21].
For the Cabibbo suppressed but color allowed mode

J/ψ→DsK, the relation

R1 ≡
BR(J/ψ→DsK)

BR(J/ψ→Dsπ)
≈

∣∣∣∣VusfKVudfπ

∣∣∣∣
2

≈ 0.081 (16)

is obtained in the factorization assumption. Similarly, we
can define the parameter R2 by

R2 ≡
BR(J/ψ→Dπ)

BR(J/ψ→Dsπ)
≈

∣∣∣∣ VcdA
ψD
0

(
m2π
)

VcsA
ψDs
0

(
m2π
)
∣∣∣∣
2

≈ 0.032 ,

(17)

Table 2. Branching ratios of non-leptonic decays of J/ψ→
D(s)P (in units of 10

−10)

Other works This study

BR(J/ψ→Dsπ) 17.4 [4] 2.0+0.4−0.2
10.0 [5]

BR(J/ψ→DsK) 1.10 [4] 0.16+0.02−0.02

BR(J/ψ→Dπ) 1.10 [4] 0.080+0.02−0.02

BR(J/ψ→DK) – 0.36+0.10−0.08
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which is also in agreement with that listed in Table 2, as
long as the phase space is properly considered for these two
channels.
Now, we move to the discussion of the color suppressed

mode J/ψ→DK. The ratio of decay rates between it and
J/ψ→Dsπ can be estimated to be

R3 ≡
BR(J/ψ→DK)

BR(J/ψ→Dsπ)
≈

∣∣∣∣ a2A
ψD
0

(
m2K
)

a1A
ψDs
0

(
m2π
)
∣∣∣∣
2

≈ 0.18 , (18)

which is consistent with that collected in Table 2. In add-
ition, we should emphasize that the ratio R3 is quite sensi-
tive to the effective Wilson coefficient a2, which can receive
considerable corrections [25–29,31–33] – for a review see
[30] – due to uncertainties of the renormalization scale,
higher order effects together with non-factorizable contri-
butions, where we also refer to [20] for a recent comment.
Table 3 collects the numerical results for J/ψ→D∗(s)P

and D(s)V decays. As one can see, the branching ratio of
J/ψ→Dsρ computed in [4] is 5.8 times larger than that
evaluated in this work. It is shown in [4] that the domin-
ant contributions for the decay width of B→D(∗)P are
from the form factor A1(q

2) corresponding to the S partial
wave in the final states. As listed in Table 1, the number
of the form factor A1 derived in the BSW model is 2.1
times greater than that in terms of the QCD sum rules,
which can indeed result in an enormous discrepancy for the
branching fraction of J/ψ→Ds obtained in the two differ-
ent approaches. Moreover, the ratio

R4 ≡
BR(J/ψ→Dsρ)

BR(J/ψ→Dsπ)
(19)

is usually introduced from the viewpoint of experiment,
whose value is estimated as 6.3 and 4.2, respectively, in the
framework of the QCDSR and BSWmodel. Therefore, the
decay of J/ψ→Dsρ is more detectable than the corres-
ponding pseudoscalar channel J/ψ→Dsπ in experiment.
Moreover, it can be seen that the ratio of the decay rates
is not sensitive to the absolute magnitude of the transi-
tion form factors on account of the large cancelations of the
non-perturbative effects. The relative magnitude of decay

Table 3. Branching ratios of non-leptonic decays of J/ψ→
D∗(s)P and D(s)V (in units of 10

−10)

Other works This study

BR(J/ψ→Dsρ) 72.6 [4] 12.6+3.0−1.2

BR(J/ψ→DsK
∗) 4.24 [4] 0.82+0.22−0.10

BR(J/ψ→Dρ) 4.40 [4] 0.42+0.18−0.08

BR(J/ψ→DK∗) – 1.54+0.68−0.38

BR(J/ψ→D∗sπ) – 15.0+1.2−0.4

BR(J/ψ→D∗sK) – 1.1+0.08−0.04

BR(J/ψ→D∗π) – 0.60+0.04−0.04

BR(J/ψ→D∗K) – 2.6+0.2−0.2

widths for the Cabibbo suppressed as well as color sup-
pressed processes to the mode of J/ψ→Dsρ can readily
be derived by following the discussion of J/ψ→D(s)P and
will not be repeated.
Furthermore, we group the decay rates for the domin-

ant channels of J/ψ→D∗(s)V in Table 4, from which we
can observe that BR(J/ψ→D∗sρ) can reach 5.3×10

−9 and
that it stands as the most promising mode to be measured
at BESIII. In addition, it is also helpful to define the follow-
ing two ratios:

R5 ≡
BR(J/ψ→D∗sπ)

BR(J/ψ→Dsπ)
, R6 ≡

BR(J/ψ→D∗sρ)

BR(J/ψ→Dsρ)
, (20)

which characterize the relative size of the branching frac-
tions to distinguish the final states with vector and pseu-
doscalar ones, respectively, in the non-leptonic two-body
weak decays of J/ψ. The numbers of R5 and R6 are eval-
uated as 7.5 and 4.2 in the QCD sum rule approach, while
they are determined as 3.5 and 1.4, respectively, with the
ISGW model in the framework of heavy-quark spin sym-
metry [1]. Such discrepancies can be attributed to the dif-
ferent values of the form factors employed in the numerical
calculations.
Moreover, we also mention that

R7 ≡
BR(J/ψ→D∗sK

∗)

BR(J/ψ→D∗ρ)

BR(J/ψ→Dρ)

BR(J/ψ→DsK∗)
(21)

should be equal to 1 in the heavy-quark limit. However,
this ratio is estimated to be 0.48 in the QCD sum rule ap-
proach owing to a serious suppression factor from the phase
space for the decay of J/ψ→D∗sK

∗ for the limited charm
quark mass.
Combining Tables 2–4, we find that the branching ratio

for inclusive weak decay of J/ψ can be as large as 1.3×
10−8, which is also in remarkable agreement with the naive
estimation

BR(J/ψ→Xc+ . . . )≈
2ΓD±

ΓJ/ψ
≈ 1.4×10−8 . (22)

4 Discussion and conclusions

Since J/ψ mainly decays via strong and electromagnetic
interactions, its weak decays usually take small fractions,
which cannot be measured by any available experimental

Table 4. Branching ratios of non-leptonic decays of J/ψ→
D∗(s)V (in units of 10

−10)

Channels This study

BR(J/ψ→D∗sρ) 52.6+7.2−6.2

BR(J/ψ→D∗sK
∗) 2.6+0.4−0.4

BR(J/ψ→D∗ρ) 2.8+0.6−0.4

BR(J/ψ→D∗K∗) 9.6+3.2−2.2
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apparatus. Another aspect, however, is that because J/ψ
contains two heavy constituents, its weak decay may pos-
sess a unique character. Indeed, weak decays of J/ψ may
offer an ideal platform to examine the mechanism that gov-
erns the hadronization process, without possible contami-
nation from the light spectator; also one may determine its
fundamental parameters such as the CKM matrix, which
can be a complementary test to the values obtained in D
decays. It is lucky for high energy physicists that a tremen-
dous database on J/ψ will be available in the forthcoming
BESIII and the measurements on the weak decays of J/ψ
may become possible.
As is well known, the essential challenge in the theor-

etical calculations on the rates of weak decays of J/ψ is
to disentangle the underlying weak-interaction transitions
from the notorious effects owing to strong interactions in a
reasonable way [35]. In our previous paper [6], the transi-
tion form factors in the semi-leptonic weak decays of J/ψ
have been investigated to the leading order of αs based
on QCD sum rules, where the non-perturbative QCD dy-
namics is characterized by a few universal parameters. The
branching ratios for dominant exclusive processes are eval-
uated and their order of magnitude is typically at 10−10.
Obviously based on the factorization assumption, the form
factors obtained for the semi-leptonic decays can be ap-
plied to study the non-leptonic decays.
This paper can be viewed as a continuation of our ear-

lier work [6]. We present a comprehensive study of non-
leptonic decays of J/ψ→D(s)+M based on the factoriza-
tion assumption and apply the transition form factors cal-
culated in the QCD sum rules. It is observed that the sum
of the branching fractions for the dominant non-leptonic
decays of J/ψ→D−s π, D

−
s ρ, D

∗−
s π, and D

∗−
s ρ as well as

their charge conjugate channels can reach values as large as
0.82×10−8, the special decay mode J/ψ→D∗sρ can even
arrive at 5.3×10−9, which one may hope to marginally de-
tect in the e+e− colliders in view of the large database of
the BESIII. Our results are in agreement with the find-
ing in [1] that J/ψ decays to vector charmed meson D∗−s
more favorably than to the pseudoscalar one; however, the
ratios of these two channels calculated in this work are
twice or three times larger than that given by [1], where
heavy-quark spin symmetry and the non-recoil approxima-
tion were adopted and the ISGW model was employed to
compute the single form factor η12.
As one may see a possibility of measuring weak decays

of J/ψ, which have obvious advantages for getting insight
into the physics picture, we strongly urge our experimental
colleagues to search for vector charmed mesons produc-
tions in J/ψ decays at BESIII [2, 3], although it is a great
challenge to observe the non-leptonic decays of J/Ψ reso-
nances from the experimental side.
Moreover, from the theoretical side, it should be em-

phasized that Coulomb type corrections for the heavy-
quarkonium system [36–39] are not included in the com-
putations of form factors in the QCD sum rules, which
could induce additional uncertainties to the evaluation of
the branching fractions for non-leptonic two-body decays
of J/ψ. However, one can still trust the order of magni-
tude gained in this work, since while calculating the form

factors that need to deal with the three-point correlations
most uncertainties originating from Coulomb-like correc-
tions are canceled by that in the two-point correlations for
evaluating the decay constant of J/ψ. Apart from the weak
decays of J/ψ presented in this paper, we seriously suggest
to explore weak decays of Υ in a complementary fashion
from both the theoretical and experimental point of view.
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