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What are Exotic Hadrons?
Tetraquarks and Pentaquarks are the prime examples. They cannot be described by conventional 
structure of mesons and baryons.

• Tetraquarks
• Tetraquarks are “Exotic Mesons” consists of a pair 

of quarks and antiquarks.
• Tetraquarks are Bosons (Integral spin).
•  In 2003,  a particle temporarily called X(3872), 

by the Belle experiment in Japan is identified.
• Recently, in 2022, LHCb announced the discovery 

of two singly heavy tetraquark structures named as 
Tc�0 (2900)++ having quark content c�u� and  Tc�0 
(2900)00 with quark content c���.

• Other experimentally detected states are :
• Z(4430),  Y(4660), Y(4140), X(4274), X(4500) 

and X(4700), X(6900) etc.

• Pentaquarks
• Pentaquarks are “Exotic Baryons” consists of four 

quarks and an anti-quark.
• Total baryon number is 1.
• Pentaquarks are Fermions (half integral spin).
• The first claim of pentaquark discovery was 

recorded at LEPS in Japan in 2003.
• Recently, in 2022, the LHCb collaboration 
• announced the discovery of the hidden-charm 
• PΛ

ψs(4338)0 pentaquark state with quark content 
• of uudc�.
• Other experimentally detected states are :
•  Pc

+(4380), Pc
+(4450) and Pc(4312)+



                                   Classification scheme
To classify the exotic hadrons like tetraquarks and pentaquarks, we make use of the special unitary 
representations and Young tableau Techniques:
1) SU(3) Flavor representation:
  Each quark is assigned by fundamental ‘3’ representation and an anti-quark by ‘3‘ representation. For example, 
fully light pentaquarks with configuration qqqq� can be classified as:

            [3] ⊗  [3] ⊗  [3] ⊗  [3] ⊗  [3] = [35] ⊕  3 [27] ⊕ 2 [10] ⊕  4 [10] ⊕  8 [8] ⊕  3 [1],

Similarly, for fully light pentaquarks with configurations q�q� can be classified as:

[3] ⊗  [3] ⊗  [3] ⊗  [3] = [1] ⊕  [8] ⊕  [1] ⊕  [8] ⊕  [27] ⊕  [8] ⊕  [8] ⊕  [10] ⊕  [10]

2) SU(2) Spin representation:
   Each quark as well as an anti-quark is assigned by a fundamental ‘2’ representation. For example, a tetraquark 
state with quark content q�q�  can be classified as:

          [2] ⊗  [2] ⊗  [2] ⊗  [2] = [1] ⊕  [3] ⊕  [1] ⊕  [3] ⊕  [3] ⊕  [5]

Similarly , for  fully light pentaquarks,
   
             [2] ⊗  [2] ⊗  [2] ⊗  [2] ⊗  [2] = [6] ⊕  4 [4] ⊕  5 [2]



                                     Young Tableau Techniques

We can define spin-flavor wave functions of exotic hadrons using Young tableau techniques. For a 
particular SU(n), we denotes a quark by a box representation and an anti-quark by n-1 boxes in vertical 
manner.

By using these classification schemes for spin and flavor of exotic hadrons, we studied the masses and 
magnetic moments of exotic hadrons such as tetraquarks and pentaquarks. For such purpose, we used the 
folowing methodologies: 



                                        Methodologies

• An extension of Gursey-Radicati mass formula
To calculate the mass spectra of exotic hadrons such as tetraquarks and pentaquarks. We have studied the 
mass spectra of  tetraquarks states from singly heavy to fully heavy configurations. Further, pentaquarks 
states with configurations like singl heavy pentaquarks, hidden-charm pentaquarks, triply heavy pentaquarks 
are also examined using the same technique.

• Effective mass Scheme
The effective mass scheme is a theoretical framework that simplifies the calculation of magnetic moments 
for multi-quark systems, such as pentaquarks, by introducing effective masses for the constituent quarks. It 
is used to calculate the masses as well as magnetic moments of pentaquarks with configurations like singly 
heavy pentaquarks, hidden-charm pentaquarks, triply heavy pentaquarks.

• Screened Charge scheme
The screened charge scheme is an advanced computational method used to evaluate the magnetic moments 
of multi-quark systems. It is used to calculate the magnetic moments of pentaquarks with configurations like 
singly heavy pentaquarks, hidden-charm pentaquarks, triply heavy pentaquarks.



                    The Gursey-Radicati mass Formula
• The original mass formula interms of Casimir operator is given by :

  M = M0 + C C2[SUS(2)] + D C1[UY (1)] + E[C2[SUI (2)] −1/4(C1[UY (1)])2]

Where,C2[SUS(2)] and C2[SUI (2)] are the SU(2) Casimir operators for spin and isospin, respectively and 
  C1[UY (1)] is the Casimir for the U(1) subgroup generated by the hypercharge Y.

In the framework of the CQM, the underlying symmetry is provided by SU(6), therefore the most general
 formula that can be written on the basis of a broken SU(6) symmetry :

M = M0 +A C2[SUSF (6)] + B C2[SUF (3)] + C C2[SUS(2)] + D C1[UY (1)]   + E (C2[SUI(2)] −1/4 (C1[UY (1)])2)

By putting the eigenvalues of the Casimir operator into the mass formula,
     <C2[SUI (2)]> = I(I + 1), <C1[UY (1)]> = Y, <C2[SUS(2)]> = S(S + 1)
Mass Formula is given by :

    MGR = M0 + A s(s+1) + DY+ G C2(SU(3)) + E [I(I+1) - ¼ Y2]

Initially, this was given to calculate baryon masses. M0 is the scale parameter. A, D, E, G are constants. S, Y, I 
and C2(SU(3)) are spin, hypercharge, isospin and Casimir operator respectively. The extended form of the mass 
formula parmeters are:



M0 is the scale parameter. A, D, E, G are constants. S, Y, I and C2(SU(3)) are spin, hypercharge, isospin and 
Casimir operator respectively. The extended form of the mass formula parmeters are:

   M = M0 + A s(s+1) + DY+ G C2(SU(3)) + E [I(I+1) - ¼ Y2] + F Nc

Here, Nc  acts as the counter term for the number of charm quarks into the exotic hadrons. Furthermore, 
mass formula was further modified to include the contribution of bottom quarks and therefore modfications 
are done to the counter term as follows:

 M = ξM0 + A s(s+1) + DY+ G C2(SU(3)) + E [I(I+1) - ¼ Y2] + Σ Fi Ni

ξ acts as the correction factor to the scale parameter and Fi acts as the counter term for number of charm and 
bottom quarks.



                                     Effective mass scheme
Total mass of a pentaquark can be defined as:



                                          Screened charge scheme
The charge of a quark within an exotic hadron may undergo modification analogous to the alterations observed 
in its mass due to the surrounding environment.





Results

Table showing expression for JP = 5/2- hidden-charm pentaquarks magnetic moments using 
the effective mass scheme in decuplet representation.
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