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Introduction

Quantum Chromodynamics (QCD), a the-
ory of strong interaction, relies on the factors,
asymptotic freedom and quark confinement.
With the advancement in experimental
facilities in high energy physics, a number
of light and heavy hadrons including new
hybrid, exotic states have been observed [1].
Yet so, the strange baryons particularly =
and € are the least explored ones owing to
the fact that they are not easily produced in
reactions. Hadron spectroscopy has allowed
us to explore many properties revealing the
quark dynamics starting from resonance
spectra to decay widths.

The light, strange sector encompasses a lot
of yet unknown or missing resonances lead-
ing to scarce experimental data [2]. The ex-
periments ELSA, MAMI, Jefferson-lab, LHC
have collected some of the states of N and A
baryons as well as from strange sector A, X
baryons. Some of the facilities are expected to
look for least explored higher strange baryons
namely PANDA, BESIII through various de-
cay processes.

Theoretical Framework

The baryons with a constituent quark
masses of u, d and s quarks has been stud-
ied with linear confining potential. The reso-
nances obtained with this hypercentral CQM
relies on the hyperradius x obtained though
Jacobi co-ordinates p and A, has contribution
from all the three interquark distances [3, 4].

The hyper-radial equation whose solution is
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Y(x) will then be,
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The spin-dependent terms in the potential
to account for spin-spin, spin-orbit and tensor
interactions has allowed to get all the spin-
parity states for a given orbital state. The
first-order % and second-order # corrections
to spin interactions has allowed to reach the
expected hierarchy of the excited states[5-10].
The final Hamiltonian on incorporating all the
terms in potential is as follows,
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H= %—&-V(x)—i—VSD(a:)—i—EVl(x)—i—WVQ(x)
(2)
The constituent quark mass has been taken as
My = mqg = 290MeV and mg = 500M eV for
u, d and s quark respectively.

N, A Baryon

In case of N and A baryons, the number
of one star states are less. The available four
and three star states have been attempted to
reproduce through the linear potential. It has
been observed that low-lying states are well
matched with experimental data as well as
other theoretical models [11, 12].
Incorporating the recent additions, 8 four star,
4 three star and many other experimental sta-
tus have been explored with the values ranging
from J = % toJ = 1—2" and still many states are
awaited of confirmation of existence as listed
by Particle Data Group (PDG).

A, ¥, =, Q) Baryons

For A baryon, the more interesting part
deals with associating 1 star stated resonances
to our predictions. Also, 2S and 1P(2") are



within 20 MeV wvariation from PDG and
other comparison. Theoretically 1405 state
was established as a quasi-bound molecular

state. The 1710 (%Jr) is associated with 1D
state but is comparatively lower than nearby
spin-partners.

>} baryon happens to have a large number
of states with 1 and 2 stars clearly marking
the need to look for resonances. The four
star states (1670)37, (1775)37, (1915)3",

and (2030)%+ have been established with
good consistency. The three star state 2250

doesn’t have known spin-parity but here we

have tentatively assigned it to be 3S(%+) by a
difference of 15 MeV. The two star state 1880
might be somewhere in 1D family but in the
present data nearly 120 MeV higher predicted.

For = baryon, this model has obtained
1971 and 1964 compared to 1950 of PDG for

%Jr. Also, the 1820 state is in variation of 30
MeV from experimental results. However, the
narrow states 1620 and 1690 are naturally not

reproduced in the current model. Here, we

assign J¥ = 17 to PDG state 2370, with our
obtained masses 2373 and 2333 for 2P but it
is also matching with our SS(%+) state. The

=(2250) is very much in accordance with our
1Dg+ state.

The Q baryon is completely associated with
the decuplet representation, in the same way
that the A baryon is, whereas the ¥ and Z
baryons have the potential to be realized as
a combination of octet and decuplet states.
For € with only ground state being known
completely opens many possibility to look
into. The £(2012) state is matching with

our 1P(3 ) [13]. Also, the three star state

2250 is in accordance with 1D(%+) of the
current model but it can also be assigned any
of the positive parity J values of 1D. The
two star state 2380 is most near to our 2P
i.e. negative parity state however, the exact

J value assignment is still open to all possible

: 1= 3— 5~
values ranging from 5 , 5 and 5 .

A large number of one star states inclusive
of all the strange baryons have been assigned
appropriate spin-parity groups not only based
on the predicted data but also based on the
natural an unnatural parity curves of Regge
trajectories. Incorporating higher order cor-
rection terms to the potential solved the years
long hierarchy pattern.
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