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Introduction
The Bc meson, the ground state of b̄c sys-

tem is an intermediate between charmonium
(cc̄) and bottomonium (bb̄) systems. The Bc

meson provides a window for studying the
heavy-quark dynamics that is very different
from those provided by (cc̄) and (bb̄) quarko-
nia, because Bc meson consists of quarks of
different flavours. The Bc is the lowest mass
bound state of c and b quarks which is ex-
pected to be a pseudo scalar meson predicted
by the Standard Model.

The Bc meson was first discovered by the
CDF collaboration [1] in pp̄ collisions. The
mass and lifetime of Bc meson have been mea-
sured by CDF [2, 3] and D0 [4, 5] in decays of
Bc → J/ψπ and Bc → J/ψl. They measured
the mass to be 6.4±0.4 GeV. The PDG mass of
Bc meson is 6.277±0.006 GeV [6]. Experimen-
tal studies of the Bc mesons are planned for
B-Physics both at TEVATRON [7] and LHC
[8].

QCD motivated potential models have
played an important role in understanding
quarkonium spectroscopy. QCD motivated
Coulomb plus linear confining potential with
colour magnetic spin dependent interactions
have described the bottomonium and charmo-
nium states successfully. Mesons composed of
valence heavy (b and c) quarks are relatively
simple because they are non relativistic sys-
tems and a potential model may be expected
to work reasonably well. Hence we use the
NRQM formalism for the study of Bc meson
states.

Theory
In this work for the study of the Bc meson

mass spectra, we have considered the following
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non relativistic Hamiltonian [9–11],

H = K + VCONF (~rij) + VWS(~rij) (1)

where VCONF (~rij) is the confinement poten-
tial

VCONF (~rij) = −acrij~λi · ~λj (2)

where ac is the confinement strength and λi

and λj are the generators of the color SU(3)
group for the ith and jth quarks. The confine-
ment potential is entirely central in nature.
K is the kinetic energy term

K =

[
2∑

i=1

Mi +
P 2
i

2Mi

]
−KCM (3)

with Mi and Pi as the mass and momentum
of the ith quark, respectively.

The following central part of two-body po-
tential due to Woods-Saxon potential is em-
ployed,

VWS(~rij) = − V0

1 + exp
(

rij−R
a

) (4)

where V0 (having dimension of energy) rep-
resents the potential well depth for the
qq̄ system, R and a are the parameters.
In order to determine these parameters we
solved Schroedinger equation numerically for
Woods-Saxon potential using matrix Numerov
method. We developed a mathematica code
for the numerical solution of Schroedinger
equation.

In this work we have considered the Woods-
Saxon potential, since it satisfies the short
range behaviour of strong force.

Results and Discussions
There are eight parameters in our model.

These are the mass of charm quark Mc, the
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TABLE I: Masses of pseudo-scalar Bc meson
states(in MeV).

Meson states 1S0 Calculated masses
0S 6275.41
1S 6640.71
2S 6986.59
3S 7273.98
4S 7581.36
5S 7856.58
6S 8135.95
7S 8427.72
8S 8746.91
9S 9114.69
10S 9570.97

TABLE II: Bc meson mass for various potentials
(GeV).

PDG 6.277±0.006
Logarithmic[14] 6.266

QCD[15] 6.264
Cornell[16] 6.254
Powerlaw[17] 6.248
Our model 6.275

mass of the bottom quark Mb, the confine-
ment strength ac, the harmonic oscillator
size parameter b ,the quark-gluon coupling
constant αs, potential depth V0, R and a.
These parameters were obtained by solving
the Schroedinger equation numerically for
Woods-Saxon potential using matrix Nu-
merov method [13].

V0 ≈ 50 MeV; a ≈0.6 fm; R = 8 fm;
Mc = 1.4 GeV; Mb = 4.645 GeV;
ac = 135.0 MeV fm−1; b = 0.5 fm.

We construct a 11× 11 Hamiltonian matrix
for pseudo-scalar meson in the harmonic oscil-
lator basis. In our calculation, the product of
the quark-antiquark oscillator wave functions
are expressed in terms of oscillator wave func-
tions corresponding to the relative and centre
of mass coordinates. The masses of the pseudo
scalar Bc meson after diagonalization for suc-
cessive values of nmax are listed in table I.

Conclusion

We have calculated the masses for ground
state and orbital excitations of Bc meson. We
compare our calculated value of mass with
PDG and three other potential models as
listed in table II. We find our value closer
to the present experimental value.
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