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Abstract

Heavy tetraquark states are studied within the diquark-

antidiquark picture in the framework of a simple

constituent quark model. Considering hyperfine spin-

isospin interaction, we predict the masses of the scalar

diquarks and of the open and hidden charmed and bottom

scalar tetraquarks. Our results indicate the scalar

resonances 𝐷0
∗(2400) and 𝐷𝑠 2632 have a sizable

tetraquark amount in their wave function, while it turns

out the scalar states 𝐷𝑠0
∗ (2317)and 𝑋(3915)should not be

considered as being predominately diquark-antidiquark

bound states.

The Model

As a four-body system, a tetraquark state is quite
different from a conventional meson and we solve the

problem in a two-step procedure: first, we use a quark–

quark interaction Hamiltonian in order to obtain the

mass of a constituent diquarks. Second, we regard the

diquarks as point-like objects and use a diquark–

antidiquark interaction Hamiltonian in order to obtain

the tetraquark masses. The radial part of the diquarks

wavefunction is determined by two-body Schrodinger

equation

Where , and are the wave function, energy

eigenvalues, distance between two quarks, and angular

quantum number respectively. m is the reduced mass

and V(x) is considered as a combination of the

oscillating and coulombic terms :

Where a, c and are constant. In the ansatz we use the

transformation

And and are constant. Substituting new wave

function in the Schrodinger equation we get

And then the eigenfuction and eigenenergy of the

system are obtained:
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Now by using the obtained wave function, the

perturbative spin- and isospin-dependent energy can be

computed and then the diquarks masses are obtained as

The hyperfine interaction is introduced as

Now we consider the diquarks and anti-diquarks as

point particles and repeat our solving method for two-

body systems. The quark–antiquark potential and quark–

quark potentials are related by . Thus, taking

into account the factor 2, we get

For the scalar tetraquarks, the constituent particles have

zero spin and therefore, we have

Masses of  open charmed and bottom tetraquarks (in MeV)

Masses of  double-hidden charmed and bottom tetraquarks
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