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Experimental data

For channel B(D+
s → φe+νe)

Data in % Reference Year

2.26 ± 0.45 ± 0.09 BESIII 2018
2.14 ± 0.17 ± 0.08 CLEO-c 2015
2.61 ± 0.03 ± 0.17 BABAR 2008
2.39 ± 0.23 PDG Average

For channel B(D+
s → φµ+νµ)

Data in % Reference Year

1.94 ± 0.53 ± 0.09 BESIII 2018
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Covariant Quark Model of Hadrons

Interaction Lagrangian

Lint = gMM(x)

∫

dx1

∫

dx2FM(x ; x1, x2) · q̄af1(x1)ΓMqaf2(x2) + H.c .

Vertex function

FM(x , x1, x2) = δ(4)

(

x −
2
∑

i=1

wixi

)

ΦM

(

(x1 − x2)
2
)

Φ̃M(−K 2) = exp
(

k2/Λ2
M

)

IR confinement 1

Πc =

∫ 1/λ2

0
dttn−1

∫ 1

0
δ

(

1−
n
∑

i=1

αi

)

F (tα1, ..., tαn)

1
T. Branz, A. Faessler, T. Gutsche, M. A. Ivanov, J. G. Korner and V. E. Lyubovitskij, Phys. Rev. D 81, 034010 (2010).
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Model parameters

Quark masses mqi , the infrared cutoff parameter λ and the size parameters
ΛHi

(all in GeV)

ms mc λ

0.428 1.67 0.181

ΛDs
Λφ

1.74 0.88
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Leptonic Ds-Meson Decays

Matrix elements of leptonic decays

NcgP

∫

d4k

(2π)4i
φ̃P(−k2)tr [OµS1(k + w1p)γ

5S2(k − w2p)] = fpp
µ

NcgV

∫

d4k

(2π)4i
φ̃V (−k2)tr [OµS1(k + w1p) 6 ǫvS2(k − w2p)] = mV fV ǫ

µ
V
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Leptonic Ds-Meson Decays

The Leptonic Ds-Meson Decays given by

B(D+
s → ℓ+νℓ) =

G 2
F

8π
mDs

m2
ℓ

(

1− m2
ℓ

mDs

)2

f 2Ds
|Vcs |2τDs

Table: Leptonic D+
s -decay branching fraction (τD+

s
= 5× 10−13 s)

Channel Present PDG 2016

D+
s → e+νe 1.33 × 10−7 < 8.3× 10−5

D+
s → µ+νµ 5.64 × 10−3 (5.50 ± 0.23) × 10−3

D+
s → τ+ντ 5.49% (5.48 ± 0.23)%
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Semileptonic D+
s -Meson Decays

The invariant matrix element of semi leptonic decays of D+
s → φℓ+νℓ

M(D+
s → φℓ+νℓ) =

GF√
2
V 〈φ|s̄Oµc |Ds〉ℓ+Oµνℓ
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Form Factors of Semi Leptonic Ds-Meson Decays

The matrix element of semileptonic Ds → φ transitions

ǫ†ναT
µα = NcgDs

gφ

∫

d4k

(2π)4i
φDs

(−(k + w13p1)
2)φφ(−(k + w23p2)

2)

tr [OµS1(k + p1)γ
5S3(k) 6 ǫ†νS2(k + p2)]

〈φ(p2, ǫ2)|q̄2Oµq1|Ds(p1)〉 =
ǫ†ν

m1 +m2

[

−gµνP · qA0(q
2)

+PµPνA+(q
2)

+qµPνA−(q
2)

+iεµναβPαqβV (q2)
]
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Form factors for q2 ≥ 0
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Form factors

Dipole interpolation

F (q2) =
F (0)

1− as + bs2
, s =

q2

m2
Ds

The paramaters of dipole interpolation:

A0 A+ A− V

F (0) 2.13 0.67 -0.95 0.91
a 0.59 1.06 1.21 1.20
b -0.12 0.17 0.26 0.24

Table: D+
s → φℓ+νℓ form factors

Form factor Present PDG 2016

r2 = A2(0)/A1(0) 0.99 0.84 ± 0.11
rv = V (0)/A1(0) 1.33 1.80 ± 0.08
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Branching fraction for D+
s → φℓ+νℓ

dΓ(D+
s → φℓ+νℓ)

dq2
=

G 2
F |Vcs |2|p2|q2v2
12(2π3)m2

Ds

Htot

where Htot = HU + HL + δℓ(HU + HL + 3Hs). Here H ′s are the helicity
structure functions which depends on form factors.

δℓ = m2
ℓ/2q

2

|p2| = λ1/2(m2
Ds
,m2

φ, q
2)/2mDs

v = 1−m2
ℓ/q

2
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Branching fraction for D+
s → φℓ+νℓ

Figure: Differential braching fraction for the decays D+
s → φℓ+νℓ
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Branching fraction for D+
s → φℓ+νℓ

Table: Semileptonic branching fraction for Ds meson. B(D+
S → φℓ+νℓ) (in %)

Channel Present Data Reference

B(D+
s → φe+νe) 2.85 2.26 ± 0.45 ± 0.09 BESIII 2

2.61 ± 0.03 ± 0.08 ± 0.15 BABAR 3

2.14 ± 0.17 ± 0.08 CLEO-c 4

3.1 ± 0.3 LFQM 5

B(D+
s → φµ+νµ) 2.70 1.94 ± 0.53 ± 0.09 BESIII 2

B(D+
s →φµ+νµ)

B(D+
s →φe+νe)

0.95 0.86 ± 0.29 BESIII 2

2
M Ablikim et al. Phys. Rev. D 97, 012006 (2018).

3
B Aubert et al. Phys Rev. D 78, 051101 (2008).

4
J. Hietala et al. Phys. Rev. D 92, 012009 (2015).

5
H. Y. Cheng and X. W. Kang, Eur. Phys. J. C 77, 587 (2017).
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Other Results on Charm Semileptonic decays

Ref: N. R. Soni and J. N. Pandya, Phys. Rev. D 96, 016017 (2017).

Table: Semileptonic branching fraction in %

Channel This Work Data Reference

D+ → K
0
e+νe 8.84 8.60 ± 0.06 ± 0.15 BESIII

8.83 ± 0.10 ± 0.20 CLEO-c

D+ → K
0
µ+νµ 8.60 8.72 ± 0.07 ± 0.18 BESIII

D+ → π0e+νe 0.619 0.363 ± 0.08 ± 0.05 BESIII
0.405 ± 0.016 ± 0.009 CLEO-c

D+ → π0µ+νµ 0.607 0.342 ± 0.011 ± 0.010 BESIII

D+ → K
∗
(892)0e+νe 8.35 – –

D+ → K
∗
(892)0µ+νµ 7.94 – –
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Other Results on Charm Semileptonic decays

Ref: N. R. Soni and J. N. Pandya, Phys. Rev. D 96, 016017 (2017).

Table: Semileptonic branching fraction in %

Channel This Work Data Reference

D0 → K−e+νe 3.46 3.505 ± 0.014 ± 0.033 BESIII
3.50 ± 0.03 ± 0.04 CLEO-c
3.45 ± 0.07 ± 0.20 Belle

D0 → K−µ+νµ 3.36 3.505 ± 0.014 ± 0.033 BESIII
D0 → π−e+νe 0.239 0.2770 ± 0.0068 ± 0.0092 BABAR

0.295 ± 0.004 ± 0.003 BESIII
0.288 ± 0.008 ± 0.003 CLEO-c
0.255 ± 0.019 ± 0.016 Belle

D0 → π−µ+νµ 0.235 0.267 ± 0.007 ± 0.007 BESIII

D0 → K ∗(892)−e+νe 3.25 2.16 ± 0.16 PDG

D0 → K ∗(892)−µ+νµ 3.09 1.92 ± 0.25 PDG
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Conclusion

We have computed

Pure leptonic decays of Ds-meson.

Ds → φ transition form factors in the entire range of momentum
transfer

Branching fractions for D+
s → φℓ+νℓ within Covariant Quark Model

B(D+
s → φµ+νµ) theoretically first time (To the best of our

knowledge)
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