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Motivation

» Decay constant of D, D, and B have so far been measured by Belle,
BaBar, BESIII and CLEO-c Collaboration. But decay constant of B, is
yet to be measured.

» In vector meson sector, only decay constant of D;" has been measured
by BESIII Collaboration. Also they reported first experimental search
for purely leptonic decay of p*+ — ey, . Phys. Rev. Lett. 131, 141802 (2023).

» Recently, BESIII Collaboration set the upper limit of branching
fractions of D*t — ety, and D*t — ptv, . Phys. Rev. D 110, 012003 (2024).

» Several theoretical attempts are available in the literature.



Introduction
L_eptonic decays are significant as they are governed by the decay constant

» Determine the strength of leptonic and nonleptonic decays.
» Determine CKM matrix element.

> Description of neutral D — D and B — B mixing process.
» Test unitarity of quark mixing matrix.

» Study CP Violation.



Relativistic independent quark model RIQM

In this model a meson is considered as a colour singlet assembly of
constituents (quark & anti-quark) that move relativistically inside the meson
bound state with an average flavor independent potential in the form

1

U(r) =5 (1+7°)V(r)

where V(r) = (ar* +V,) with a >0

Where, r = the relative distance between quark and antiguark inside meson;
a & V, = the potential parameters



The ensuing Dirac equation has been solved, that admits the static solution of

positive and negative energy as:
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Momentum probability amplitude:
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Meson state and meson normalization RIQM

The wave packet representation of — |P(V)(k, Spv)))= Ak, Ser)|(Fass Ay )i (B Age)
meson bound state is taken in the form — A(E, Sp)BE, (B A )b, (Fa: M) 0)
Where,
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The meson state normalization :}

The normalization condition | (P(V)(.I?) \P(V)(Z)) = (27)32E;6%) (Z — I?)




Invariant transition amplitude and decay constant
Mg = C?V!‘Heff‘P(V»

The transition matrix element
for purely leptonic decays of —
charged meson is written as

=22V, Wiy (1= rs)u0

X (01417,(1 = 75)q2|P(V)).
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Decay width expression

1 dk,dk i
['= L 54 (k, + k —
(25’3)2 / 2mpy 2EL 2E;, ( PR OmP(V})
x Y [ Mgl.
G2 m2\ 2
[(P — Iy, V, . 2f2mpm2(1 - 2L
( ) Q7 I q1 fj'z‘ fP m%

F(Vﬁﬁ ) |V \2 3f2 (1 —‘%)2(1
V) = m — |
127" 2t VIV m%,

GZ

2
m;

2my

)

10



The quark masses: m, (In GeV)

and potential parameters: V (In
GeV)and a (in GeV?3).

Hyperfine splitting of the
ground-state heavy flavored
mesons with the quark-gluon
coupling constant o,,,= 0.37

Results

m, = my mg m,. mp a Vo
0.26 0.49 1.64 4.92 0.023 —0.307
Spin-averaged mass (MeV) Meson mass (MeV)
Meson Theory Experiment Theory  Experiment
D*= 1954.93 1975.07 1979.95 2010.26
D* 1889.83 1869.50
D= 2067.33 2076.40 2090.38 2112.20
DT 1998.18 1969.0
B= 5290.04 5313.35 5300.11 5324.71
BF 5239.04 5279.25
B= 6288.43 6290.90 fe
BF 6264.46 6274.47
B 5385.39 5403.58 5395.02 5415.80
BY 5360.59 5366.91
J /[y 3037.68 3068.65 3051.55 3096.90
n. 3012.16 2983.90
T 9443 .46 9444 98 9447.06 9460.40
My 9421.95 9398.70
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Results

Ratio of Decay constants

fo+ [ fp- = L1667 130
f D:;+/ f pf = 1.128fg:ﬁ;
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fo? [fp+ = 1.22840.03 £0.004 £ 0.009 (Expt.)

Decay constants
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1637551 (LFQM)
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172.617 1337 (This work)

173 (LFQM)
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190 + 28 (LQCD)
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249.50* 203+ (This work)

258.667 33, (This work)
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Results

Branching fraction: p — [+,

Ratio of branching fractions

Expt.

(R7)? % 391 +0.73

(R;]ﬂuﬁ 0.82 +0.40
This work
(R7)P" = 2.66507
(R;)P* = 9.80%541

B{P —* f+h‘1]

This work

AEIM

LQCD

Expt.

B(D" — etv,)
B(D" — ;L""HF}

B(D" — 7u;)

(10.10977827) x 1079
(4.295%0202) x 104

(11.41973385) = 10~

0.84 % 1079
4.29 % 104

10.55 = 104

(8.6 £0.5) x 107
(3.6 £0.2) x 10~

(9.6 £ 0.6) x 10~

< 8.8x 107"
(3.74 £0.17) x 1074

(12 £ 2.7) x 1074

B(P — f+b‘1)
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B(D} = p*v,)

B(Df — 77w;)

(1.29875558) > 1077
(5.517F 1 013) x 1073

(5.408%1433) = 1072

1.163 = 107
5.078 % 1072

0.4451 % 103

(1.3+0.1) x 1077
(5.5+£0.5) x 1073

(5.44+0.5) x 1072

<83 x107°
(5.43 £ 0.15) x 1073

(5.32 £0.11) x 1072

B(P —1ty)  This work AEIM VM Expt.
B(Bf —efr.) (6.5827190) x 10712 6.162 x 10712 6.22 x 10712 <98 x 1077
B(B} — ptu,) (281275807 x 1077 2.705 x 1077 2.63 x 1077 < 8.6 x 1077
B(BF — vrv,) (6.25711330) x 107° 6.088 x 10~° 5.9 x 1077 (10.9+2.4) x 1077
B(P — 1*1)  This work LQCD ROM
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3 ].JT-H} THS lU_
(3. —0.65 :aj X
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(9.24+0.9) x 1077
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(2.24 +£0.24) x 1077
(9.6 £ 1.0) x

(2.20 £ 0.24) x 1072




B(V = I*ty)
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Results

Branching fraction: y _, j+,,

BESIII Collaboration

B(V = 1ty)

This work LQCD LQCD

B(B!" = etue)
B(BI* = )

B(B'* = rtv,)

(318670150 x 1070 38709 x10°°  (43+£04) x 107

(31847318 5 107%  38%01 %107 (4.3+04)x10°°

(28057014 % 107% 33701 x 107 (3.8+0.4) x107°

B(D*" = er.) < 1.1 x 107
B(D** = pty,) <43 x 107°
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Conclusion

» The decay constant and branching fractions predicted in the RIQ
model are in good agreement with other SM predictions and
experimental limits.

»Our predictions In B,- sector In particular could be tested In
the upcoming experiments.

» The observable Z is the ratios of branching fraction of zto u-
mode, predicted in our model are in good comparison with
experimental data providing the test of the lepton flavor
universality In this sector.






where & = (nlj) represents a set of Dirac quantum numbers
specifying the eigenmodes. y;j, (7) and %;;, (7) are the

spin angular parts given by

With the quark binding energy parameter E, and quark
mass parameter m,, written in the form £} = (E, — V,/2),
my = (m, +Vy/2), and @, = E, + mj, one can obtain
solutions to the radial equation for g:(r) and f:(r) in

q

the form:
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