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Introduction
One of the main goals of recent experi-

ments in hadron physics is the determination
of the excited baryon spectrum and the
identification of possible new symmetries in
the spectrum. Many of the narrow hadron
resonances observed recently by the exper-
imental facilities at Belle, BaBar, CLEO,
CDF, SELEX, ALICE, BES-III etc., [1–3]
brought up considerable interest in QCD
spectroscopy. Though many of the recently
discovered hadronic states belongs to mesonic
family there exist states in the heavy flavour
baryonic sector as well. So our interest here is
to study the radially excited states of charm
baryons using hypercentral quark model and
assign the quantum number (JP ) to the
newly observed baryon state. In this article,
we compute the radial excited states of Σ++

c

baryon.

Methodology

The Hamiltonian of baryonic systems in hy-
percentral model can be written as [4]

H =
P 2
ρ

2mρ
+

P 2
λ

2mλ
+V (ρ, λ) =

P 2
x

2m
+V (x) (1)

where m is the reduced mass of the system

and expressed asm =
2mρmλ

mρ+mλ
. For the present

study, we consider the hyper central potential
V (x) as [4, 5]

V (x) = −2

3

αs

x
+ βxν (2)
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Here, αs is strong running coupling con-
stant and β is confining term. The hyper ra-
dial Schrödinger equation corresponds to the
Hamiltonian given by Eqn.(1) can be written
as [

d2

dx2
+

5

x

d

dx
− γ(γ + 4)

x2

]
ϕγ(x)

= −2m[E − V (x)]ϕγ(x) (3)

where γ is the grand angular quantum num-
ber. For the reduced radial wave function
χ(x)=x

5
2ϕγ(x), Eqn. (3) reduces to

[
− 1

2m

d2

dx2
+

15
4 + γ(γ + 4)

2mx2
+ V (x)

]
χ(x)

= Eχ(x) (4)

The hypercentral S-wave states correspond to
γ = 0. The Schrödinger equation (4) can
be solved numerically using the mathemat-
ica program. The spin dependent part of the
three body interaction is incorporated pertur-
batively and is given by

Vspin(x) = −A

4
αs

e
−x
x0

xx2
0

∑
i<j

σ⃗i · σ⃗j

6mimj
λ⃗i · λ⃗j (5)

Here, the parameter A and the regularization
parameter x0 are considered as the hyperfine
parameter of the model.

The baryon masses are then obtained as

MB =
∑
i

mi + ⟨H⟩ (6)

We fix potential parameter β and hyperfine
parameter A for each choice of ν using ground

state experimental mass of JP = 1
2

+
and
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TABLE I: Mass of radially excited states for single
charm baryon Σ++

c with different choices of ν.

Baryon Potential Mass of Radially Excited states

State Index JP = 1
2

+
JP = 3

2

+

Present others Present others
[6, 7] [7]

0.5 2454 2454 2518 2518
1S 1.0 2454 2518

2.0 2454 2518
0.5 2839.46 2939.3 2978.10 2936

2S 1.0 2932.25 2901 3065.60
2.0 3072.15 3210.44
0.5 3129.61 3271 3296.64 3293

3S 1.0 3353.04 3518.01
2.0 3712.28 3896.33
0.5 3409.67 3581 3594.37 3598

4S 1.0 3780.59 3967.27
2.0 4409.27 4628.71
0.5 3680.98 3861 3877.32 3873

5S 1.0 4212.16 4414.52
2.0 5152.33 5399.84

JP = 3
2

+
baryon. The regularization pa-

rameter x0 is 1 GeV −1and quark mass pa-
rameters are mu=338 MeV, md=350 MeV,
mc=1275 MeV. For orbitally excited states,
potential parameter β is found to vary as

β = β0

√
n+ γ + 3

2 where β0 correspond to

the ground state (n = 0, γ = 0) potential
strength.
Results and Discussion

We have obtained the radial excited states
2S, 3S, 4S, and 5S for Σ++

c in the frame
work of hypercentral quark model with hy-
percentral coulomb plus power law potential
. The calculated masses of radially excited
states are listed in Table 1. Our results follow
the Regge trajectory as shown in the FIG.
1. The present result for 2S (2932) state at

potential index ν=1 having JP = 1
2

+
is found

to be in agreement with the experimentally

known Σc(2932) state. We look forward to
see future experimental support for other
predicted states.
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FIG. 1: Regge trajectory of radially excited Σ++
c

for potential index ν=1

References
[1] Z. Q. Liu et al. (Belle Collaboration) Phys.

Rev. Lett. 110, 252002 (2013); K. Hara et
al. (Belle Collaboration) Phys. Rev. Lett.
110, 131801 (2013).

[2] B. Meadows (representing the BABAR
collaboration) Chinese Physics C 34(6)
780787 (2010).

[3] B. Meadows et al. (CDF Collaboration)
arXiv:1104.0699 [hep-ex]; Kingman Che-
ung and Jeonghyeon Song, Phys. Rev.
Lett. 106, 211803 (2011).

[4] Patel B, Rai A. K. and Vinodkumar P C,
J. Phys. G 35, 065001 (2008).

[5] Majethiya A, Patel B, and P C Vinodku-
mar, Eur. Phys. J A 42, 213 (2009).

[6] K. Nakamura (Particle Data Group),J.
Phys. G 37, 075021 (2010).

[7] D. Ebert, R. N. Faustovand V. O. Galkin1,
Phys. Rev. D 84, 014025 (2011).

Proceedings of the DAE Symp. on Nucl. Phys. 58 (2013) 633

Available online at www.sympnp.org/proceedings


