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Abstract

Heavy tetraquark states are studied within the diguark-
antidiguark picture in the framework of a simple
constituent quark model. Considering hyperfine spin-
Isospin interaction, we predict the masses of the scalar
diguarks and of the open and hidden charmed and bottom
scalar tetraquarks. Our results iIndicate the scalar
resonances D;(2400) and D, (2632) have a sizable
tetraguark amount in their wave function, while it turns
out the scalar states Dg,(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 iInteraction Hamiltonian in order to obtain the
mass of a constituent diquarks. Second, we regard the
diguarks 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
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Where ¥, (X) E,, Xand 7 are the wave function, energy
eigenvalues, distance between two quarks, and angular
guantum number respectively. m iIs the reduced mass
and V(x) Is considered as a combination of the
oscillating and coulombic terms :

Vo, (X)=ax’—c/x+7

Where @, ¢ and 7 are constant. In the ansatz we use the
transformation
v, (X) = X_l% (X), o, (X)= exp[—%axz +5Inx]

And o and ¢ are constant. Substituting new wave
function in the Schrodinger equation we get

a=+2ma =1/2mw?,

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

Mm¢=MmeZWMﬂ4%z+Eﬁ”<Hs>+<Fﬂ>4“<Hm>

The hyperfine interaction is introduced as
H, = A (/7o) exp(=x2 1 52)(s,.5,)
H, = A (/7o) exp(-x? 1 o?)(t,1,)
H, = A, A/ Vrog ) exp(=x212)(s,.8,)(t, 1,)

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 V,, =2V, . Thus, taking
Into account the factor 2, we get v___ (x) =2ax* —2¢/x+7

For the scalar tetraquarks, the constituent particles have
zero spin and therefore, we have

|\/ITetraq — mdiq + mantidiq + E;/_l_ < HS >

Masses of open charmed and bottom tetraquarks (in MeV)

Tetraquark | Model Ref.[4] | Ref. [5] Exp [8,9]
[caqq_ 2464 2398 2399 2400
€qQS ] 2629 2618 2619 | 2317, 2632
€SS 2789 2855 2753
baaq’ 5788 5763 5758
bqqs] 5929 5980 5997
bsqs] 6085 6217 6108

Masses of double-hidden charmed and bottom tetraquarks

Tetraquark | Model Ref.[4] | Ref. [4] Ref. [2]
[cqcq] 3625 3807 3662 3812
[cqcs] 3768 4043 3862 3922
[cSCS] 3920 4268 4050 4051
[ogbs] 9670 10521 | 10044 10471
[bsbs] 9812 10747 10228 10572
[bsbS] | 10001 | 10973 | 10412 10662

eferences

.A.A. Rajabi, Iran. J. Phys. Research 6 2 (2006).

. D. Ebert, R.N. Faustov, V.O. Galkin, Phys. Atom. Nucl. 72 178 (2009).

. D. Ebert etal., Phys. Rev. D 76 114015 (2007).

. Z. Ghalenovi et al., Acta Phys. Polon. B 47 5 (2016).

. Z. Ghalenovi and A. A. Rajabi, Eur. Phys. J. Plus 127 141 (2012).

. D. Ebert, R.N. Faustov, V.O. Galkin, Phys. Lett. B 696 241 (2011).

. M.M. Giannini et al., Prog. Part. Nucl. Phys. 50 263 (2003).

. K.A. Olive et al. [Particle Data Group], Chin. Phys. C 38, 090001 (2014).
. SELEX Collaboration, Phys. Rev. Lett. 93 242001 (2004).

QO XN oSN A




