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Introduction
The S-wave masses of the ground states

13S1 and 11S0 as well as one of the radially
excited states 23S1 of the DS mesons are very
well established experimentally[1]. Since Ds

meson is a heavy-light quark system, study of
this meson provides insight into the quark dy-
namics.

In this article some of the S-wave state
masses of the Ds meson are obtained using
phenomenological potential model including
O(1/m) correction to the potential. Since this
is a heavy-light quark system due to the pres-
ence of light quark, kinematic relativistic cor-
rections play an important role.

Methodology
For the present study we employ the

hamiltonian[2]

H =
√

p2 +m2
Q +

√
p2 +m2

Q̄
+ V (r); (1)

where mi are the quark masses and the poten-
tial V (r) is given by[3, 4],

V (r) = −4αS
3r

+Ar−
(

1

mQ
+

1

mq̄

)
+V0, (2)

here αS is the running strong coupling con-
stant, A is a potential parameter and V0 is
a constant. We expand the hamiltonian up
to order p6. The value of the QCD coupling
constant αS is determined as in ref. [5].
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In the present calculation we have employed
A = 0.135, GeV2, αS = 0.640, mc = 1.35
GeV and ms̄ = 0.55 GeV. We use variational
method in which the trial wave function is a
Gaussian. The position space wave function
is given by

Rnl(µ, r) = µ3/2

(
2 (n− 1)!

Γ (n+ l + 1/2)

)1/2

×

(µr)
l
e−µ

2r2/2L
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n−1 (µ2r2); (3)

and in the momentum space it is

Rnl (µ, p) =
(−1)
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µ is a variational parameter and L is La-
guerre polynomial. The variational parameter
µ is determined by making use of the virial
theorem[6]

〈K.E.〉 =

〈
dV

rdr

〉
. (5)

The kinetic energy part is evaluated by mak-
ing use of the wave function in momentum
space whereas the potential energy part is
evaluated with the help of wave function in
position space. With this value of µ spin-
averaged(SA) mass of Ds meson is obtained
by using

Hψ = Eψ. (6)

The ground state spin-averaged mass is
matched with the experimental spin-averaged
mass in order to determine the constant V0.
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State Present work Expt.[1] Ref. [7] Ref. [8] Ref. [9] Ref. [10]

11S0 1.962 1.968 1.969 1.975 1.940 1.965

13S1 2.108 2.112 2.111 2.108 2.130 2.113

21S0 2.684 2.688 2.659 2.610 2.700

23S1 2.722 2.710+12
−7 2.731 2.722 2.730 2.806

31S0 3.265 3.219 3.044 3.090 3.259

33S1 3.283 3.242 3.087 3.190 3.345

41S0 3.798 3.652 3.331

43S1 3.809 3.669 3.364

TABLE I: S-wave masses of the Ds meson(in GeV).

Fitted value of constant V0 = −0.123 GeV. By
making use of the fitted ground state param-
eters further radially excited state masses are
obtained. The calculated values of the masses
of the various S-wave states are listed in table
I.

Summary and conclusions
Mass spectra of the S-wave states of the Ds

meson are obtained by making use of a phe-
nomenological potential model within varia-
tional scheme. Kinematic relativistic correc-
tions as well as O(1/m) corrections are em-
ployed within the interquark potential.

From the table I it is observed that the
ground state masses are in fairly good agree-
ment with the experimentally observed masses
as well as predictions from the other theo-
retical schemes. Our results for the experi-
mentally observed state 23S1 are also in fairly
good agreement with experimental measure-
ment as well as other theoretical predictions.
Due to the unavailability of sufficient exper-
imental data it is difficult to single out any
model.

Acknowledgments
Dr A K Rai acknowledges the financial sup-

port from Department of Science & Tech-

nology, India under the fast Track project
SR/FTP/PS-152/2012.

References
[1] J. Beringer et al. (Particle Data Group),

Phys. Rev. D 86, 010001, (2012).
[2] N. Devlani and A. K. Rai, Phys. Rev. D

84, 074030, (2011; Eur.Phys.J. A 48, 104,
(2012); Int.J.Theor.Phys. 52 2196 (2013).

[3] N. Devlani, V. Kher and A. K. Rai, Eur.
Phys. J. A 50 (2014), accepted for publi-
cation.

[4] Y. Koma, M. Koma and H. Wittig, Phys.
Rev. Lett. 97, 122003.

[5] D. Ebert, R. Faustov, V. Galkin,
Eur.Phys.J. C 71, 1825, (2011).

[6] D.S. Hwang, C. Kim, W. Namgung,
Phys.Lett. B 406, 117, (1997).

[7] D. Ebert, R. Faustov, V. Galkin,
Eur.Phys.J. C 66, 197, (2010).

[8] T. Lahde et. al. Nucl. Phys. A674, 141,
(2000).

[9] J. Zeng, et. al. Phys. Rev. D52, 5229,
(1995).

[10]M. DiPierro, et. al. Phys. Rev. D64,
114004, (2001).

Proceedings of the DAE Symp. on Nucl. Phys. 59 (2014) 671

Available online at www.sympnp.org/proceedings


