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Figure: Feynman diagram of semileptonic J/1 decay
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Matrix elements

In the SM, the matrix element for the semileptonic decays of a
J/1p—meson into a pseudoscalar (P) or vector (V) meson is written
as:

M) — Flty) = “HML,, (1)

\[ cf
where Gf is the Fermi constant. The lepton current and the
hadron matrix element are defined as:

Ly =viyu(l —9s)l, (2)
H* = (F|JY|D), (3)

where J/LW = fv,(1 — ~5)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 Wy,(p) of the bound quark-antiquark state, satisfying the
quasipotential equation of the Schrodinger type:

(M)  p? _ [dq _
<2MR _zm>wM<p)_ [ Sveamuvuta). @

where p is the relative momentum of the quark,

[M2 — (m1 + mz)z} [/\//2 — (m1 — m2)2]

2 _
b2 (M) = I )
M* — (3 — m3)?
R = aM3 ) (6)

where my > 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) = a1 (p)a(—p)V(p,a; M)ur(q)ua(—q),  (7)

In this case:

VB, 65 M) = 55D (K)7§o5 + Ve ()T (20 (k) + Ve (K),
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The weak current matrix elements for the decays of Jiy-mesons to
D-mesons can be expressed in terms of four invariant form factors:

F iv(q? Vpo %
(Do) (PRl [9(Pay)) = 50 € €L 0PD o

(Disy(pE) Iyt yscld /v(pysy)) = 2MJ/¢A0(<72)%‘7Q“+
+(MD(S) + MJ/w)Al(qz)(e*“ - i,%clqu)_

2 _ 2
MJ/ ¥ MD(s) M]
— S a9

2 - H k
_A2(q )WM |:pD(s) + pJ/w o q

(s)

where My and €* are the mass and polarization vector of the
vector meson.
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Decay wight

I/ = Dltv) _ G, ‘21»/2( )(q” — mf)’
e ~ Ve 24M3

X Hior. (8)
E
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Nonleptonic decay
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Figure: Feynman diagram of nonleptonic J/v decay
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Decay wight

Xyjp—peyp = —ifpmpHy (9)
|XJ/¢—>D(S)V’2 = f\am%/(‘HOP + [Hy |2+ [H-]?) (10)
Gr
|A| \/* cq uanX (11)
1 VA
Br(J/v — Do P(V — = AP 12
U1 PP = 56 e A (12)
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Branching fraction

Table: Branching fraction weak semileptonic J/v decay

Theory(x10~ 1) Exp. data
Decay RQM CCQM[1] BS[2] LQCD[3] PDG
J/Yp - D etve | 1.304£0.19 | 1.71+£0.26 | 2.037%92 | 121£0.11 | <7.1x 1078

0.25

J/ =D py, | 1274018 | 1.664+0.25 | 1.9879%8 | 1.18+0.11 | <56 x 1077

—0.24

J/ — DIetve | 19.9+21 33+5 367753 | 19.0+0.8 | <1.3x107°
J/ =Dy, | 193£2.0 | 31.8+4.8 | 354759 | 184408
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Branching fraction

Table: Branching fraction weak nonleptonic J/v¢ decay

Theory(x10~1T) Exp. data
Decay RQM BSW[4] | BS[2] [ QCDSR[5] PDG
J/¢p = Dn | 0.77£0.11 1.8379%% | 0.80M%%% | <14.0x 10°®
J/y - Dp | 44+05 11.37%% 42758 | <12.0x 1077
J/p = Der | 144415 | 741115 | 475457 20™4 <82x1077
J/p — Dsp | 98.74£10.2 | 51178 | 26273 126739 <16.0x 1077
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Results and discussion

1.Semileptonic and nonleptonic decays of J/¢¥)—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 g2 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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