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Introduction

Figure: Feynman diagram of semileptonic J/ψ decay
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Matrix elements

In the SM, the matrix element for the semileptonic decays of a
J/ψ−meson into a pseudoscalar (P) or vector (V) meson is written
as:

M(J/ψ → Fl+νl) =
GF√
2
V ∗
cfH

µLµ, (1)

where GF is the Fermi constant. The lepton current and the
hadron matrix element are defined as:

Lµ = ν lγµ(1− γ5)l , (2)

Hµ = ⟨F |JWµ |D⟩, (3)

where JWµ = f γµ(1− γ5)c is the weak current of semileptonic
decays of D− mesons, and f = s, d− is the final quark.
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Relativistic Quarks Model

In this model, a meson of mass M is described by the wave
function ΨM(p) of the bound quark-antiquark state, satisfying the
quasipotential equation of the Schrödinger type:(

b2(M)

2µR
− p2

2µR

)
ΨM(p) =

∫
d3q

2π3
V (p,q;M)ΨM(q), (4)

where p is the relative momentum of the quark,

b2(M) =

[
M2 − (m1 +m2)

2
][
M2 − (m1 −m2)

2
]

4M2
, (5)

µR =
M4 − (m2

1 −m2
2)

2

4M3
, (6)

where m1,2 are the quark masses.
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Kernel

The kernel of equation (4) is the QCD-motivated quark-antiquark
potential V (p,q;M), which is constructed using the off-shell
scattering amplitude projected onto positive-energy states. The
quasipotential is given as follows:

V (p,q;M) = ū1(p)ū2(−p)V(p,q;M)u1(q)u2(−q), (7)

In this case:

V(p,q;M) =
4

3
αsDµν(k)γ

µ
1 γ

ν
2 + V V

conf (k)Γ
µ
1 (k)Γ2;ν(k) + V S

conf (k),
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Form factors

The weak current matrix elements for the decays of Jψ-mesons to
D-mesons can be expressed in terms of four invariant form factors:

⟨D(s)(pF )|f γµc |J/ψ(pJ/ψ)⟩ =
2iV (q2)

MD(s)
+MJ/ψ

ϵµνρσϵ∗νpJ/ψρpD(s)σ,

⟨D(s)(pF )|f γµγ5c |J/ψ(pJ/ψ)⟩ = 2MJ/ψA0(q
2) ϵ

∗q
q2

qµ+

+(MD(s)
+MJ/ψ)A1(q

2)
(
ϵ∗µ − ϵ∗q

q2
qµ
)
−

−A2(q
2) ϵ∗q

MD(s)
+MJ/ψ

[
pµD(s)

+ pµJ/ψ −
M2

J/ψ −M2
D(s)

q2
qµ
]
,

where MV and ϵµ are the mass and polarization vector of the
vector meson.
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Figure: J/ψ → Ds
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Figure: J/ψ → D
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Decay wight

dΓ(J/ψ → D(s)l
+νl)

dq2
=

G 2
F

(2π)3
|Vcq|2

1

3

λ1/2(q2)(q2 −m2
l )

2

24M3
J/ψq

2
× Htot . (8)
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Nonleptonic decay

Figure: Feynman diagram of nonleptonic J/ψ decay
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Decay wight

XJ/ψ→D(s)P = −ifPmPHt (9)

|XJ/ψ→D(s)V |
2 = f 2Vm

2
V (|H0|2 + |H+|2 + |H−|2) (10)

|A| = GF√
2
V ∗
cqVuqa1X (11)

Br(J/ψ → D(s)P(V )) =
1

3

√
λ

16πM3
J/ψΓ

|A|2 (12)

Sukhanov Ivan Weak decays of Jpsi



Branching fraction

Table: Branching fraction weak semileptonic J/ψ decay

Theory(×10−11) Exp. data

Decay RQM CCQM[1] BS[2] LQCD[3] PDG
J/ψ → D−e+νe 1.30± 0.19 1.71± 0.26 2.03+0.29

−0.25 1.21± 0.11 < 7.1× 10−8

J/ψ → D−µ+νµ 1.27± 0.18 1.66± 0.25 1.98+0.28
−0.24 1.18± 0.11 < 5.6× 10−7

J/ψ → D−
s e+νe 19.9± 2.1 33± 5 36.7+5.2

−4.4 19.0 + 0.8 < 1.3× 10−6

J/ψ → D−
s µ

+νµ 19.3± 2.0 31.8± 4.8 35.4+5.0
−4.3 18.4± 0.8
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Branching fraction

Table: Branching fraction weak nonleptonic J/ψ decay

Theory(×10−11) Exp. data

Decay RQM BSW[4] BS[2] QCDSR[5] PDG
J/ψ → Dπ 0.77± 0.11 1.83+0.27

−0.25 0.80+0.20
−0.20 < 14.0× 10−8

J/ψ → Dρ 4.4± 0.5 11.3+1.6
−1.4 4.2+1.8

−0.8 < 12.0× 10−7

J/ψ → Dsπ 14.4± 1.5 74.1+1.3
−2.3 47.5+6.7

−5.9 20+4
−2 < 8.2× 10−7

J/ψ → Dsρ 98.7± 10.2 511+76
−60 262+37

−32 126+30
−10 < 16.0× 10−7
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Results and discussion

1.Semileptonic and nonleptonic decays of J/ψ−mesons into
charmed mesons are studied in detail within the framework of the
relativistic quark model.
2.The invariant form factors that parameterize these matrix
elements are obtained as the overlap integrals of the initial and
final meson wave functions. Their dependence on the square of the
transferred momentum q2 is explicitly determined within the whole
accessible kinematic range.
3.These form factors and helicity formalism are employed for the
calculation of the differential and total semileptonic decay rates of
charm meson into charmed mesons. The obtained results are
compared with experimental upper limits.
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