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Summary. — Hadron spectroscopy is an important tool towards the study of
internal quark dynamics in a composite system. The present article focuses on the
study of resonance spectra of strange baryons with S = −2,−3. The non-relativistic
approach utilizes screened potential as hypercentral one to obtain masses. The spin-
dependent part for all possible hyperfine states has been incorporated.

1. – Introduction

Numerous fundamental questions related to the nature of matter and its structure
are brought up by strong interaction physics. The primary goals of hadronic physics
are to identify the pertinent degrees of freedom that govern hadronic phenomena at all
scales and then establish the connection of these degrees of freedom to the parameters
and fundamental fields of QCD [1]. The light, strange sector encompasses a lot of yet
unknown or missing resonances leading to scarce experimental data [2, 3].

With these motivations, the current article briefly shows the hypercentral Constituent
Quark Model (hCQM) being employed to obtain resonance masses —the later section
highlights linear Regge trajectories for the obtained results.

Ω and Ξ both are not easily observed in experiments and the little knowledge relies on
the bubble chamber data [4]. Algebraic models have been explored in ways to understand
internal baryon dynamics, wherein U(7) has been used in a recent work [5]. Bijker and
group too have focused on algebraic approach with the string-like model [6]. The quark-
diquark model has been studied in various versions since long back; Gursey-Radicati–
inspired exchange interaction employed by Santopinto et al. to reproduce all strange and
non-strange baryon resonances [7]. Also, the relativistic study with quark-diquark model
has been studied for all sectors [8]. Regge phenomenology has also been employed in the
study of light, strange baryons using n and J plane linear curves [9]. Other than these
various models have been employed over the years [10, 11].

(∗) E-mail: chandni.menapara@gmail.com

Creative Commons Attribution 4.0 License (https://creativecommons.org/licenses/by/4.0) 1



2 CHANDNI MENAPARA and AJAY KUMAR RAI

2. – Method: hypercentral Constituent Quark Model (hCQM)

Constituent quark models (CQM) recognize a baryon to be a three-quark system
confined by interaction, wherein constituent quark mass takes care of internal effects. One
of the choices of hypercentral potential form is the screened potential [12,13]. Earlier the
results have been studied for linear form [14-17]. The hyper-radial equation is as shown
below [18]:

(1)

[
d2

dx2
+

5

x

d
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− γ(γ + 4)

x2

]
ψ(x) = −2m[E − V3q(x)]ψ(x).

The confining part of the potential appears as

(2) V 0(x) = a

(
1− e−μx

μ

)
.

Such potential has been known to show good results using hCQM for heavy quark systems
including mesons and baryons [19-23]. The screening parameter is different in case of
heavy and light systems. Based on earlier studies, the screening parameter μ has been
varied over a range and 0.3 has been considered as the value to obtain the spectra for
the systems considered here [24].

The spin-dependent interaction to take care of hyperfine splitting needs to be incor-
porated separately as VSD(x) with spin-orbit, spin-spin, and tensor terms [25]:

VSD(x) =VLS(x)(L · S) + VSS(x)

[
S(S + 1)− 3

2

]
(3)

+ VT (x)

[
S(S + 1)− 3(S · x)(S · x)

x2

]
.

Let, VV = τ
x and VS = αx.

With this non-relativistic approach, a number of resonances have been obtained.

3. – Mass spectra

Ξ baryons appear with isospin I = 1
2 in the octet (J = 1

2 ) and decuplet (J = 3
2 ) as Ξ

and Ξ∗, respectively. The quark combination is uss for Ξ0 and dss for Ξ−. The Ω baryon
is completely associated with the decuplet representation which is the least explored in
light, strange sector. With increase in strangeness, the resonances get scarcely observed.
Many experiments are focused on this goal namely, BESIII, PANDA, etc. [26, 27].

Here, table I, left denotes that 2S states with JP = 3
2

+
are differing by 21MeV from

PDG.
Also, the 1P 3

2

−
, 2P 1

2

−
and 1D 5

2

+
are well in accordance with experimental known

masses within variation of 50MeV.
Table I, right signifies the limited Ω baryon states. The 1P 1

2

−
, 2P 1

2

−
and 1D 3

2

+

with 2012, 2380 and 2250, respectively, are quite near to the obtained results. So, for
lower excited states, screened potential with a fixed screening parameter reproduces the
observed results.

However, the spin splitting, as compared to our earlier works of linear potential,
decreases.
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Table I. – Ξ (left) and Ω (right) resonance mass spectra using Screened Potential (in MeV).

State JP Mscr Mexp [4] State JP Mscr Mexp [4]

1S 1
2
+ 1321 1321 1S 3

2
+ 1672 1672

3
2
+ 1531 1532

2S 1
2
+ 1842 2S 3

2
+ 2063

3
2
+ 1971 1950

3S 1
2
+ 2320 2370 3S 3

2
+ 2428

3
2
+ 2442

4S 1
2
+ 2888 4S 3

2
+ 2839

3
2
+ 2997

5S 3
2
+ 3290

12P1/2
1
2
− 1877 12P1/2

1
2
− 1998 2012

12P3/2
3
2
− 1869 1823 12P3/2

3
2
− 1993

14P1/2
1
2
− 1882 14P1/2

1
2
− 2001

14P3/2
3
2
− 1873 1823 14P3/2

3
2
− 1996

14P5/2
5
2
− 1862 14P5/2

5
2
− 1989

22P1/2
1
2
− 2340 2370∗ 22P1/2

1
2
− 2352 2380

22P3/2
3
2
− 2328 22P3/2

3
2
− 2345

24P1/2
1
2
− 2347 24P1/2

1
2
− 2356

24P3/2
3
2
− 2334 24P3/2

3
2
− 2349

24P5/2
5
2
− 2318 24P5/2

5
2
− 2339

12D3/2
3
2
+ 2265 12D3/2

3
2
+ 2289 2250

12D5/2
5
2
+ 2246 2250 12D5/2

5
2
+ 2278

14D1/2
1
2
+ 2287 14D1/2

1
2
+ 2301

14D3/2
3
2
+ 2273 14D3/2

3
2
+ 2293

14D5/2
5
2
+ 2253 14D5/2

5
2
+ 2282

14D7/2
7
2
+ 2229 14D7/2

7
2
+ 2269

22D3/2
3
2
+ 2802 22D3/2

3
2
+ 2684

22D5/2
5
2
+ 2778 22D5/2

5
2
+ 2671

24D1/2
1
2
+ 2828 24D1/2

1
2
+ 2698

24D3/2
3
2
+ 2810 24D3/2

3
2
+ 2689

24D5/2
5
2
+ 2787 24D5/2

5
2
+ 2676

24D7/2
7
2
+ 2758 24D7/2

7
2
+ 2660

12F5/2
5
2
− 2717 12F5/2

5
2
− 2614

12F7/2
7
2
− 2679 12F7/2

7
2
− 2594

14F3/2
3
2
− 2760 14F3/2

3
2
− 2636

14F5/2
5
2
− 2729 14F5/2

5
2
− 2620

14F7/2
7
2
− 2690 14F7/2

7
2
− 2600

14F9/2
9
2
− 2644 14F9/2

9
2
− 2576

22F5/2
5
2
− 3321 22F5/2

5
2
− 3044

22F7/2
7
2
− 3277 22F7/2

7
2
− 3022

24F3/2
3
2
− 3369 24F3/2

3
2
− 3067

24F5/2
5
2
− 3340 24F5/2

5
2
− 3050

24F7/2
7
2
− 3290 24F7/2

7
2
− 3029

24F9/2
9
2
− 3238 24F9/2

9
2
− 3003

Some of the few one- and two-star states with spin-parity are discussed in detail, and
a tentative place in either orbital or radial state is assigned to them. It should be noted
that the screening is not as effective for lower states, but it leads to a decrease in mass for
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higher excited states and a significant decrease in hyperfine splitting. More experimental
results shall be guiding force towards establishing the complete spectra.

4. – Regge trajectories

One of the helpful tools in spectroscopic research has been Regge trajectories. The
square of mass relates linearly to total angular momentum J and principal quantum
number n, which actually is a part of Chew-Frautschi plots [28]

(4) J = aM2 + a0, n = bM2 + b0.

Figures 1(a), (b) and 2(a), (b) show the linearly fitted mass obtained from the model
here. However, due to scarcity of available experimental data, the exact position of any
given mass cannot be commented. But new mass obtained through experiments can be
placed on these lines to predict their possible spin-parity assignment as well.

5. – Conclusion and outlook

The non-relativistic hCQM has been a tool to obtain resonances of strange baryons
where experimental observations are very few. An attempt has been made to identify

Fig. 1. – Regge trajectory Ξ for n → M2 (a) and JP → M2 (b) for screened potential.

Fig. 2. – Regge trajectory Ω for n → M2 (a) and JP → M2 (b) for screened potential.
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the effect of screened potential on light, strange spectra. The low-lying excited states
are well within the range of Particle Data Group (PDG). The screening effect shall be
more significant at higher excited states. The results’ table show the possible spin-parity
assignment of some one-star states especially for Ω baryon. Ω(2012) is a state whose
precise structure is debated between three-quark or molecular type. This study allows
us to look for predicted range of states in experiments and study different properties.
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