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Introduction

During the past few years, many new char-
monium states, such as X, Y, Z have been ob-
served by BaBaR [1, 2], Belle [3] and CLEO
[4] experiments.The Belle collaboration has re-
ported the discovery of Y(4360)[5], Zc(4050)
[6] and X(4350) [7]. The CDF Collaboration
reported existence of a state called Y(4140)
[8]. Present study is an attempt to identify
some of these states as mixed P wave char-
monia. Many of these states belongs to the P
wave charmonia while quite a number of them
qualified to be the mixed p-wave states[9].

Theoretical Methodology

We assume here that quark and anti quark
inside the mesonic bound state is indepen-
dently confined by a potential [10],

V (r) =
1

2
(1 + γ0)(λr + V0) (1)

Where λ is the strength of the confinement
part of the potential. V0 is a constant negative
potential depth.

To get binding energy we have solved the
two component (positive and negative energy)
Dirac equation. Its solution can be written as
[11],

ψnlj(r) =

(
ψA

ψB

)
(2)

where the positive and negative energy solu-
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tions are given by[12],
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(4)
WhereNnlj is the normalization constant. f(r)
and g(r) are radial solutions which can be
obtained numerically to get the energy eigen
values. The parameters are fixed to get the
ground state masses of cc̄. Apart from the
i dependent energy a residual OGEP is as-
sumed in our earlier study of B, Bs meson
[10] is also been incorporated. The predicted
P-wave masses are listed in table:1.

TABLE I: P-wave mass spectrum for (cc̄) (in
GeV).

nL State Present Expermental [13] [14]
1P 13P2 3.53963 (3556.20 ± 0.0) 3.54

13P1 3.53977 (3510.66 ± 0.07) 3.50
13P0 3.50942 (3414.75 ± 0.31) 3.44
11P1 3.40365 (3525.42 ± 0.29) 3.51

2P 23P2 3.86174 (3927.2 ± 2.6) 4.02
23P1 3.86418 - 3.99
23P0 3.84709 - 3.94
21P1 3.76070 - 3.99

3P 33P2 4.14130 - -
33P1 4.14364 - -
33P0 4.12729 - -
31P1 4.05232 - -

4P 43P2 4.38978 - -
43P1 4.39203 - -
43P0 4.37619 - -
41P1 4.30912 - -
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Mixed P wave states
The mixed P wave states can be expressed

as [15]

|α⟩ =
√

2

3
|3P1⟩+

√
1

3
|1P1⟩ (5)

|β⟩ = −
√

1

3
|3P1⟩+

√
2

3
|1P1⟩ (6)

Where,|α⟩ |β⟩ are states having same parity.
We can write the masses of these states in
terms of the predicted masses of the pure P
wave states (3P1 and 1P1) as [15]:

M(|α⟩) = 2

3
M(3P1) +

1

3
M(1P1) (7)

M(|β⟩) = 2

3
M(1P1) +

1

3
M(3P1) (8)

TABLE II: Mixing of p wave

Exp. stateMixed state configurationPresent
Zc(4050) 33P1 and 31P1 4.082
Y(4140) 33P1 and 31P1 4.1130
Y(4360) 43P1 and 41P1 4.3643

Result and discussion
The predicted P-wave masses of charmonia

are in very good agreement with experimental
[13] results as given in Table I. We have also
computed the masses of selected mixed P wave
states and the results are given in table II.
According to the results tabulated in table:2,
we assign Y(4360) as a mixed state of 43P1 and
41P1 with a mixing angle of 35.26◦, Y(4140) as

a mixed state of 33P1 and 31P1 with a mixing
angle of 35.26◦. While Zc(4050) is close to
the mixed state 33P1 and 31P1 with a mixing
angle 54.74◦.
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