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Introduction

Many exotic hadronic states like
tetraquarks and pentaquarks have been
observed in the last two decades. Recently
in 2022, LHCb collaboration discovered two
tetraquark structures having quark content
ud̄cs̄ with significance of 6.5 σ and ūdcs̄ with
significance of 8 σ and a pentaquark structure
udscc̄ with the significance of 15 σ which is
far beyond the 5 standard deviations that are
required to claim the observation of a particle
in particle physics.Also, in 2021, Zcs(3985)
and Zcs(4003) tetraquarks having quark
content cc̄sq̄(cc̄qs̄) and Pcs(4459) pentaquark
state have been observed, where q is the light
quark (u, d). The Pcs(4459) was discovered
in the J/ψ Λ invariant mass distribution
from an amplitude analysis of the Ξ−

b →
J/ψ Λ K− decays. The observed structure is
consistent with a hidden-charm pentaquark
with strangeness, characterized by a mass of
4458.8 ± 2.9+4.7

−1.1 MeV and a width of 17.3 ±
6.5+8.0

−5.7 MeV. Its spin is expected to be 1/2 or
3/2, and its parity can be either -1 or +1.
In SU(3) representation, each quark is
assigned as 3 and each antiquark by a 3̄.
Therefore, the allowed SU(3) representation
for qqqqq̄ system in flavor space is :

[3]⊗ [3]⊗ [3]⊗ [3]⊗ [3̄] = [35]⊕ 3[27]⊕ 2[10]

⊕4[10]⊕ 8[8]⊕ 3[1]
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FIG. 1: Hidden-Charm Pentaquark Decuplet

In spin space, allowed SU(2) representation for
(1/2, -1/2) basis for qqqqq̄ system is :

[2]⊗ [2]⊗ [2]⊗ [2]⊗ [2] = [6]⊕ 4[4]⊕ 5[2]

This work has classified the hidden-charm
pentaquarks into decuplet (JP = 3/2−). Us-
ing the extension of the Gursey-Radicati mass
formula, we have computed the masses of
hidden-charm pentaquarks by using the dif-
ferent values of possible quantum numbers like
spin, isospin, hypercharge, Casimir operator,
etc. Our analysis closely agrees with the avail-
able experimental and theoretical data.

Methodology

A. The Extension Of Gursey-Radicati
Mass Formula

We used an extension of the Gursey-
Radicati mass formula [3] to find the masses
of hidden-charm pentaquarks. Assuming
that the GR mass formula’s coefficients are
identical and have the same value for different
quark systems[4]. The simplest form of GR
formula which differentiates the different
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Quark content Spin I C2 Y Nc Masses
uuucc̄ 3/2 3/2 6 1 2 4630±37
duucc̄ 3/2 3/2 6 1 2 4630±37
dducc̄ 3/2 3/2 6 1 2 4630±37
dddcc̄ 3/2 3/2 6 1 2 4630±37
uuscc̄ 3/2 1 6 0 2 4677±37
ddscc̄ 3/2 1 6 0 2 4677±37
udscc̄ 3/2 1 6 0 2 4677±37
dsscc̄ 3/2 1/2 6 -1 2 4851±37
usscc̄ 3/2 1/2 6 -1 2 4851±37
ssscc̄ 3/2 0 6 -2 2 4961±39

TABLE I: Masses for hidden-charm pentaquark
decuplet.

multiples of SUf (3) is

MGR = ξM0 +AS(S + 1) +DY + E[I(I +
1)− 1

4Y
2] +GC2(SU(3)) + FNi

Where M0 is the scale parameter, each quark
contributes 1

3M0 to the whole mass, and ξ
is the correction factor to the value of M0.
For baryons, ξ = 1; for tetraquarks, ξ = 4/3;
and for pentaquark ξ = 5/3. S, I, and Y
are the spin, isospin, and hypercharge, respec-
tively. C2(SU(3)) is the eigenvalue of the SUf

Casimir operator. Ni accounts for the counter
of c(c̄)) quark or b(b̄)) quarks. Fitting the
mass formula with masses of available baryons
produces the best-fit of coefficients A, D, E, G,
F, and M0 [5].
The coefficients which we have used in the
Gursey-Radicati formula are A = 23.0, D =
-158.3, E = 32.0, F = 1354.6, G = 52.5. These
coefficients are evaluated using the mass dif-
ference between the states of the known spec-
trum of baryon[3].

Analysis

By taking the Nc = 2 for hidden-charm
pentaquarks, and their allowed possible com-

binations of quantum numbers into the mass
formula, we have computed their masses by
classifying them into decuplets having JP =
3/2−. Table 1 shows the calculated masses us-
ing all the possible combinations of quantum
numbers. All states with JP = 3/2− are mem-
bers of decuplet, and states with JP = 1/2−

are members of pentaquark octet. Our analy-
sis is useful to predict JP values isospin mul-
tiplets and their masses. By comparing our
results with the experimentally available data,
we can study mass splitting by assigning their
spin parities.
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