Proceedings of the DAE-BRNS Symp. on Nucl. Phys. 61 (2016)

692

Radiative decays of cb̄ states in a relativistic quark model
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Introduction

We consider two types of radiative transitions of the Bc meson:
a) Electric dipole (E1) transitions are those
transitions in which the orbital quantum number is changed (∆L = 1, ∆S = 0). E1 transitions do not change quark spin. Examples of
such transitions are n3 S1 → n03 PJ γ(n > n0 )
and n3 PJ → n03 S1 γ(n ≥ n0 ). The partial
widths for electric dipole (E1) transitions between states 2S+1 LiJi and 2S+1 Lf Jf are given
by
2



quarks is changed (∆S = 1, ∆L = 0)
and thus the initial and final states belong to
the same orbital excitation but have different
spins. Examples of such transitions are vector to pseudo scalar (n 3 S1 → n0 1 S0 + γ,
n ≥ n0 ) and pseudo scalar to vector (n 1 S0 →
n0 3 S1 + γ, n > n0 ) meson decays.
The magnetic dipole amplitudes between Swave states are independent of the potential
model.
The M1 partial decay width between S wave
states is [1, 2]
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S0 →1 P1 the overlap integral for unit operator between
(1) the coordinate wave functions of the initial
and the final meson states, j0 (kr/2) is the
where k0 is the energy of the emitted photon, spherical Bessel function, mc and mb are the
masses of the charm and beauty quarks. Sa ,
m2a −m2b
in relativistic model. Sb , La , Ja and Jb are the spin quantum numk0 = 2m
a
ber, orbital angular momentum and total anα is the fine structure constant. Qc = 2/3 gular momentum of initial and final meson
is the charge of the c quark and Qb̄ = 1/3 is states respectively.
the charge of the b̄ quark in units of |e|, µ is
mc
reduced mass µ = mmbb+m
and Ebm(ka0 ) = 1
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Results and Conclusion

Z
hb|r|ai =

∞

r3 Rb (r)Ra (r)dr
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is the radial overlap integral which has the
dimension of length, with Ra,b (r) being the
normalized radial wave functions for the
corresponding states.
b) Magnetic dipole (M1) transitions are
those transitions in which the spin of the
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The possible E1 decay modes have been
listed in Table I and the predictions for E1 decay widths are given. Most of the predictions
for E1 transitions are in qualitative agreement. However, there are some differences
in the predictions due to differences in phase
space arising from different mass predictions
and also from the wave function effects. For
the transitions involving P 1 and P 10 states
which are mixtures of the spin singlet 1 P1 and
spin triplet 3 P1 states, there exists huge difference between the different theoretical predictions. These may be due to the different
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P1 −1 P1 mixing angles predicted by the different models. Wave function effects also appear in decays from radially excited states to
ground state mesons such as 2 3 P0 → 1 3 S1 γ.
The overlap integral for these transitions in
our model vanishes and hence we get decay
width for these transitions zero.
Transition
13 P0 → 13 S1 γ
1P 1 → 13 S1 γ
1P 10 → 13 S1 γ
13 P2 → 13 S1 γ
1P 1 → 11 S0 γ
1P 10 → 11 S0 γ
23 S1 → 13 P0 γ
23 S1 → 1P 1γ
23 S1 → 1P 10 γ
23 S1 → 13 P2 γ
21 S0 → 1P 1γ
21 S0 → 1P 10 γ
23 P0 → 13 S1 γ
2P 1 → 13 S1 γ
2P 10 → 13 S1 γ
23 P2 → 13 S1 γ
2P 1 → 11 S0 γ
2P 10 → 11 S0 γ
23 P0 → 23 S1 γ
2P 1 → 23 S1 γ
2P 10 → 23 S1 γ
23 P2 → 23 S1 γ
2P 1 → 21 S0 γ
2P 10 → 21 S0 γ

This work
keV
42.384
83.879
121.143
89.04
106.088
148.992
3.635
0.384
0.00751
0.269
0.238
0.00068
0
0
0
0
0
0
0.422
104.751
158.896
85.639
114.223
171.244

[3]
keV
75.5
87.1
13.7
122
18.4
147
5.53
7.65
0.74
7.59
1.05
4.40

34.0
45.3
10.4
75.3
13.8
90.5

corrections. There are three main types of corrections: relativistic modification of the non
relativistic wave functions, relativistic modification of the electromagnetic transition operator, and finite-size corrections.
We have calculated the M1 transition rates
for cb̄ meson states using equation (3). The resulting M1 radiative transition rates of these
states are presented in table II. In this table
we give calculated values for decay rates of M1
radiative transition in comparison with the
other relativistic and non relativistic quark
models. We see from these results that the
relativistic effects play a very important role
in determining the Bc meson M1 transition
rates. The relativistic effects reduce the decay
rates of allowed transitions and increase the
rates of hindered transitions. The M1 transition rates calculated in our model agrees well
with the values predicted by other theoretical
models. It is clear from their calculations that
the predicted decay rates for hindered transitions which are increased by relativistic effects
almost by a factor of 3 and they are larger than
the rates of allowed M1 transitions by an order
of magnitude.
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TABLE I: E1 transition rates of Bc
meson.
References
Transition
1
2
2
2

3

S1
S1
3
S1
3
S1
3

1

→ 1 S0 γ
→ 21 S0 γ
→ 11 S0 γ
→ 13 S1 γ

Γ(keV ) Γ(keV )
Ref.[4] This work
0.0189
0.0185
0.0037
0.0018
0.1357
0.193
0.1638
0.123

TABLE II: M1 transition rates for the
Bc meson.
In order to calculate decay rates of hindered
M1 transitions we need to include relativistic
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