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Introduction
The strange baryon sector in octet and
decuplet is not fully explored even through
many experimental facilities worldwide. The
presence of one or more strange quarks thus
possess a great realm to study the underlying
interactions. Hadron spectroscopy has been
a tool towards such studies for heavy as
well as light baryons with a target to obtain
resonance masses of orbital and radial states
as well as other baryonic properties. The
present article is dedicated to Ω baryon in the
decuplet family.
Ω− baryon constituted of 3 strange quarks
leading to isospin I=0 and strangeness S=-3.
The small production cross-section in the
experimental study of baryons with strange
quarks posses difficulty. After the very early
first observation of Ω ground state 1672
MeV [1], recent studies at Belle experiments
have provided with some results as Ω(2012)
through e+ e− annihilations and into Ξ0 K −
as well as Ξ− K̄ 0 decay channels [2]. BaBar
collaboration attempted to study the spin of
Ω− (1672) for J = 23 through the decay of Ω0c
and Ξ0c [3].
Attempts have been made to exploit Ω
baryon through various approaches. Few of
them include the one using constituent quark
model by Pervin et al. [4], Skyrme model by
Y. Oh [5] as well as relativistic quark model
by Faustov et al. [6]. Ω(2012), a three star
state has been a matter of discussion as few
studies point it to be a molecular state and
other studies don’t [7].
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Theoretical Background
The non-relativistic hypercentral Constituent Quark Model (hCQM) has been employed for obtaining resonance masses from
light to heavy baryons [8–10]. The potential
consists of a Coulomb-like term and a confining term which is of linear nature in the current study [11–13]. The model itself points
that the potential is hypercentral i.e. depending only on hyperradius x, obtained using
Jacobi coordinates. Jacobi coordinates takes
care of the three body dynamics as given below.
1
1
ρ = √ (r1 − r2 ); λ = √ (r1 + r2 − 2r3 )
2
6
x=

p
ρ
ρ2 + λ2 ; ξ = arctan( )
λ

here x is hyperradius and ξ is hyperangle.
V (x) = −

τ
+ αx + VSD (x) + V 1 (x)
x

Here, VSD looks for the spin-dependent
terms to include the possible distinction for
a given state. The first order correction in
1
the potential has been introduced as m
dependence of the form
V 1 (x) = −

αs 2
mx2

αs being the strong running coupling constant. Now, the complete Hamiltonian can be
written as
H=

P2
+ V 0 (x) + VSD (x) + V 1 (x)
2m

The Schrodinger equation has been numerically solved to obtain the resonance masses.
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Results and Discussion
The earlier work on light, strange baryons of
octet and decuplet has been extended here for
Ω baryon [14]. The radial and orbital excited
states have been as depicted in the table. The
possible J P values have been incorporated for
spin S = 12 and S = 32 .
TABLE I: Experimental state of Ω baryon [1]
State J P Status
+
Ω(1672) 32
****
−
Ω(2012) ?
***
Ω(2250)
***
Ω(2380)
**
Ω(2470)
**

TABLE II: Resonance Mass (in MeV)
State J P M asscal 1 M asscal 2
3+
1S
1672
1672
2
3+
2S
2057
2068
2
−
12 P1/2 12
1987
1996
−
12 P3/2 32
1978
1985
−
14 P1/2 12
1992
2001
−
14 P3/2 32
1983
1991
−
14 P5/2 52
1970
1997

The comparison of masses has been done
for without and with first order correction in
the potential term. As the Ω baryon is least
explored experimentally, commenting on the
calculated masses is difficult [15]. The upcoming experiments like PANDA [16, 17] shall be
of great importance towards the study of light
and strange sector where more experimental
states shall be observed to reveal yet unknown
properties of Ω baryon.

Acknowledgments
Ms.
Chandni Menapara would like to
acknowledge the support from Department
of Science and Technology (DST) under the
INSPIRE-Fellowship Scheme for pursuing

530

this work.

References
[1] P.A. Zyla et al. [Particle Data Group],
Prog. Theor. Exp. Phys. 2020, 083C01
(2020 and 2021 update)
[2] J. Yelton et al. [Belle Collaboration],
Phys. Rev. Lett. 121, 5, 052003 (2018)
[3] B. Aubert et al. [BABAR Collaboration],
Phys. Rev. Lett. 97, 112001 (2006)
[4] M. Pervin and W. Roberts, Phys. Rev. C
77, 025202 (2008)
[5] Y. Oh, Phys. Rev. D 75, 074002 (2007)
[6] R. N. Faustov and V. O. Galkin, Phys.
Rev. D 92, 054005 (2015)
[7] M. Pavon Valderrama, Phys. Rev. D 98,
054009 (2018)
[8] K. Gandhi, Z. Shah and A. K. Rai, Eur.
Phys. J. Plus 133, 512 (2018)
[9] K. Thakkar, Z. Shah, A. K. Rai and P. C.
Vinodkumar, Nuclear Physics A 965, 57
(2017)
[10] Z. Shah, K. Gandhi and A. K. Rai, Chin.
Phys. C 43, 034102 (2019)
[11] C. Menapara, Z. Shah and A. K. Rai,
Chin. Phys. C 45, 023102 (2021)
[12] C. Menapara, Z. Shah and A. K. Rai, AIP
Conf. Proc. 2220, 140014 (2020)
[13] C. Menapara and A. K. Rai, Proc. of DAE
Sym., 673 (2019)
[14] C. Menapara and A. K. Rai, Chin. Phys.
C 45, 063108 (2021)
[15] C. Menapara and A. K. Rai,
arXiv:2108.05071[hep-ph] (2021)
[16] G. Barruca et al., [PANDA Collaboration], Eur. Phys. J. A 57, 60, 184 (2021);
Eur. Phys. J. A 57, 1, 30 (2021) ; Eur.
Phys. J. A 55, 42 (2019)
[17] B. Singh et al., [PANDA Collaboration],
Phys. Rev. D 95, 032003 (2017); Eur.
Phys. J. A 52, 325 (2016); Nucl. Phys.
A 954, 323 (2016); J. Phys. G 46, 045001
(2019)

Available online at www.sympnp.org/proceedings

