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The primary motivation of this research is to clarify the role of hidden color states for the structure of exotic
hadrons by means of a non-perturbative microscopic calculation. In order to do this, we work on tetra-quark
system in the non-relativistic constituent quark model by using the Gaussian expansion method [1]. It is often
said that this model artificially induces large Van der Waals force due to the strong color dependent confining
potential. We show that large Van der Waals force does not appear in this model even if we fully take into
account hidden color states for the inner cluster in the tetra-quark system.

The model Hamiltonian is given by : H =
∑4

i=1

[
mi + p2

i

2mi

]
−∑4

i=1

∑4
j<i

[
e0 + 1

2k(ri − rj)2
]
Fi · Fj , where

ri,mi, and Fi are the position, mass, and color operators of the ith particle. We deal with the system composed
of light flavor quarks and anti-quarks, namely u and d, ū and d̄ in order to avoid the complexity of anti-
symmetrization of wave function. In the Gaussian expansion method, one can introduce the basis set with

Figure 1:

alternative coordinate termed ”Jacobian coordinate” in accordance with possible cluster rearrangement. As for
the trial wave function, we take the basis set with direct channel Fig. 1, which we expect to be most appropriate
to see the dynamics caused by the color dependent confinement force. The trial wave function that we use here
is

Φ =
∑

µ

AµΦµ,

Φµ = Φ[l1l2(l12)l3L = 0,M = 0](a1, a2, a3)ζc.s.

=
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l3
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where ζc.s. represents the color states states by using the labels of Fig. 1: combination of color siglet (q̄q)
clusters |113124〉 or combination of color octet (q̄q) clusters |813824〉 in the q̄q̄qq system. The basis function
is characterized by a set of the angular momentum labels l1, l2, l12, l3 and the extension parameters in the
Gaussian wave function a1, a2, a3 and the color states ζc.s.. The index µ stands for possible combination of all
these angular momemtum and the color labels and the Gaussian extension parameters. Then we can get the
energy and the wave function of the tetra-quark system by solving the following generalized eigenvalue problem

∑
ν

(〈Φµ|H|Φν〉 − E〈Φµ|Φν〉)Aν = 0. (1)

First, we analysed the tetra-quark system constructed with s-wave inner clusters. In this case, the inner
color singlet states |113124〉 and the inner color octet states |813824〉 are decoupled each other. So we can solve
the problem separately for the inner color singlet states |113124〉 and the inner color octet states |813824〉. We
found that the energy level associated with the inner color octet states |813824〉 is just above the threshold of
two meson systems.

Now we deal with the case which include the angular momentum states of the inner clusters. In this case,
the inner color singlet states |113124〉 and the octet states |813824〉 are mixed through the color interaction which
is proportional to the Casimir operators Fi · Fj . We are getting first result of this case and finding how much
the energy spectra will be affected by the hidden color octet states. We also carry out analysis of the exchange
channel.
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