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Introduction
The Bc meson is a double heavy quarkantiquark bound state and carries flavours explicitly and provides a good platform for a systematic study of heavy quark dynamics. Bc
mesons are predicted by the quark model to
be members of the J P = 0− pseudo scalar
ground state multiplet [1]. The first successful observation of Bc meson was made by CDF
collaboration in 1998 from run I at TEVATRON through the semileptonic decay channel Bc → J/Ψ + l+ + ν̄l [2]. They measured
the mass of Bc to be mBc = 6.40 ± 0.39 ± 0.13
+0.18
GeV and the life time τBc = 0.46−0.16
± 0.03
ps. The more precise measurement of mass
of Bc i.e.,mBc = 6275.6 ± 2.9(stat) ± 5(syst)
MeV/c2 was done by the CDF collaboration through the exclusive non-leptonic decay
Bc → J/Ψπ + [3]. The results of the CDF collaboration was confirmed by the observations
made by the D0 collaboration [3] at TEVATRON. The LHCb has reported several new
observations on Bc decays recently. More experimental data on Bc meson are expected to
come in near future from LHCb and TEVATRON.
Theory
We investigate properties of cb̄ states using
confined one gluon exchange potential in the
frame work of relativistic harmonic model
(RHM) [4]. The Hamiltonian used has the
confinement potential and a two body confined one gluon exchange potential(COGEP)
[5–8].
In RHM, quarks in a hadron are confined
through action of a Lorentz scalar plus a vec-
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tor harmonic oscillator potential [9, 10]
1
(1 + γ0 ) A2 r2 + M (1)
2
where γ0 is the Dirac matrix, M is a constant mass and α2 is the confinement strength.
VCON F (r) =

The central part of the COGEP is

αs N 4
1
cent
VCOGEP
(~r) =
λi · λj D0 (~r) +
4
(E + M )2




2
4πδ 3 (~r) − c4 r2 D1 (~r) 1 − ~σi · ~σj
3
(2)
where D0 (r) and D1 (r) are the propagators
given by
Γ1/2
c(cr)−3/2 W1/2;−1/4 (c2 r2 ) (3)
4π 3/2
Γ1/2
c(cr)−3/2 W0;−1/4 (c2 r2 ) (4)
D1 (r) =
4π 3/2
√
where Γ1/2 = π, W’s are Whittaker functions and c(fm−1 ) is a constant parameter
which gives the range of propagation of gluons and is fitted in the CCM to obtain the
glue-ball spectra and r is the distance from
the confinement center.
The spin orbit part of COGEP is
αs
N4
λ1 · λ2 h
LS
V12
=
× [r × (P̂1 − P̂2 ) · (σ1 + σ2 )]
4 (E + M )2 2r
D0 (r) =

(D00 (r) + 2D10 (r)) + [r × (P̂1 + P̂2 ) · (σ1 − σ2 )]
(D00 (r) − D10 (r))]
(5)
The spin orbit term has been split into the
symmetric (σ1 + σ2 ) and anti symmetric (σ1 −
σ2 ) spin orbit terms.
The tensor part of the COGEP is,
αs
N4
T EN
V12
(r) = −
λ1 · λ2
4 (E + M )2
 00

D1 (r) D10 (r)
−
S12
×
3
3r

(6)
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where
S12 = [3(σ1 · r̂)(σ2 · r̂) − σ1 · σ2 ]

(7)

TABLE I: Bc meson mass spectrum (in
GeV).
State
n 2S+1 LJ This work Ref. [11] Ref. [1] Ref.[12]
1 3 P0
6.646
6.680
6.700 6.699
1P 1
6.663
6.730
6.730 6.734
1P 10
6.696
6.740
6.736 6.749
1 3 P2
6.700
6.760
6.747 6.762
1 3 D1
6.941
7.010
7.012 7.072
1D2
6.945
7.020
7.012 7.077
1D20
6.960
7.030
7.009 7.079
1 3 D3
6.962
7.040
7.005 7.081
2 3 P0
7.103
7.100
7.108 7.091
2P 1
7.120
7.140
7.135 7.126
2P 10
7.140
7.150
7.142 7.145
2 3 P2
7.147
7.160
7.153 7.156
3 3 S1
7.316
7.280
7.235

are in good agreement with the other model
calculations.
The complete spectrum of cb̄ states has
been calculated in a relativistic quark model.
The ground state mass of cb̄ state calculated
in our model matches the experimental data.
When the results for cb̄ state mass spectrum
are compared with the previous calculations,
it is found that the predictions for the mass
spectrum agree within a few MeV. The differences between the predictions in most cases do
not exceed 30 MeV and the higher orbitally
excited states are 50-80 MeV heavier in our
model.
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Results and Conclusion

The six parameters in our model are the
mass of charm quark Mc , the mass of beauty
quark Mb , the harmonic oscillator size parameter b, the confinement strength A2 , the
CCM parameter c and the quark-gluon coupling constant αs . We use the following set of
parameter values.
Mc = 1.552 GeV; Mb = 4.880 GeV;
b = 0.25 fm; αs = 0.3; A2 = 780 MeV fm−2 ;
c = 1.74 fm−1
The calculated masses of the cb̄ states after
diagonalization are listed in Table I. Our
calculated mass value for Bc (1S) is 6277.99
MeV and for Bc∗ (1S) is 6341.09 MeV. Bc∗ (1S)
is heavier than Bc (1S) by 63.1 MeV. This difference is justified by calculating the 3 S1 − 1 S0
splitting of the ground state which is given by
M (3 S1 ) − M (1 S0 ) =

32παs |ψ(0)|2
9mc mb

(8)

The mass of first radial excitation Bc (2S) is
6861.2 MeV which is heavier than Bc (1S) by
583.21 MeV. This value agrees with the experimental value of Bc (2S) 6842±4±5 [13]. The
difference between the Bc∗ (2S) and Bc∗ (1S)
masses turns out to be 520.11 MeV. Our prediction for masses of orbitally excited cb̄ states
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