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1 Introduction
Study of the charmonium states plays an important role
on the way to understanding the strong interaction. The
most interesting charmonium states lie near or above the
open charm thresholds. Thehreshold effects give a signifi-
cant nonperturbative contribution to the charmonium mass.
Calculations in the framework of the lattice gauge theory
enable to obtain the spectrum of charmonium below the
threshold D0D0∗. In the recent lattice calculations the nec-
essary extrapolations have been performed . The narrow
state X(3872) was discovered by the Belle Collaboration in
B decay and subsequently confirmed by the BaBar Collab-
oration. Experiments have revealed unexpected properties
of X(3872). The mass of this state , 3872 MeV, is very close
to the sum of the masses of the D0 and D0∗ mesons and de-
cays to a D0 and D0∗ were observed. This decays give rise
to two other explanations for what the mysterious X could
be: a loosely-bound molecule of D0 and mesons, or a tetra-
quark binding a di-quark and a di-antiquark.

2 Lattice calculations
It is well known that X(3872) can decay in the channel
with isospin I = 0 to J/ψ and ω, and in the channel with
isospin I = 1 to the J/ψ and ρ meson. The second decay
occurs due to isospin violation and the physical reason is
unknown,because X(3872) is below the D+D− threshold.
Previous calculation of this state made by QCDSF collab-
oration, arXiv: 1307.5172. This calculation was performed
on the lattice with the spacing 0.1239 fm. This spacing cor-
responds to the lattice energy cutoff 1/a ∼ 1600MeV . The
stateX(3872) is significantly higher than the specified value
and it makes this result uncertain.The small lattice volume
is considered in 1307.5172, it is only 163× 32, i.e. L ∼ 2 fm
in one spatial direction.

The physics information on a hadron is commonly ex-
tracted from the discrete energy spectrum in lattice QCD.
The physical system for given quantum numbers is created
from the vacuum using interpolator O†j at time t = 0 and the
system propagates for time t before being annihilated byOi.
To study a charmonium state with given JPC one can use
one-meson interpolators O ≈ cΓc (Γ - is the gamma ma-

trix),
two-meson interpolators O = (cΓ1q)(qΓ2c), (cΓ1c)(qΓq)

and O = (cΓ1q)(cΓ2q) with desired quantum numbers.
In order to calculate the energy of charmonium we con-

struct correlation function:
Cij = 〈OiO

†
j〉 =

∑
ZiZje

−Ent,where Zi = 〈0|Oi|0〉
Effective energy:

Et0
eff(t + a/2) = a−1ln(

C(t, t0)

C(t + a, t0)
)

To explain the physical nature of the state of four quarks,
various models were proposed: molecule, tetraquark and
hybrids. Calculations on a lattice in quantum chromody-
namics can determine the relative contribution of a molecule
and tetraquark to a given state. We proposed the following
procedure.

The correlation function of the tetraquark state

〈c̄(x)γµc(x)q̄(x)γµq(x)c̄(y)γµc(y)q̄(y)γµq(y))〉A '

Tr
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.

The correlation function of the molecule state

〈c̄(x)γµq(x)c̄(x)γµq(x)c̄(y)γ5q(y)c̄(y)γ5q(y))〉A '
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)
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)
Parameters of ensemble:

Lattice V = 323×64, a = 0.068 fm, Nf = 2+1 dynamical

quarks, 190 lattice configurations, mπ= 309 MeV.

Figure 1: Correlation function of the molecule
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Figure 2: Energy of the molecule
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Figure 3: Correlation function of the tetraquark
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Figure 4: Energy of the tetraquark
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ETetr = (3880± 53) MeV, EDD̄ = (3878± 48) MeV

In the absence of interaction p = pn,i = 2π|n|/L and the
scattering levels appear at

En,i = E1(pn,i) + E2(pn,i)

In the presence of interaction the scattering levels E =
E1(p) +E2(p) are shifted with respect to En,i since momen-
tum outside the interaction region is defferent from pn,i.

This energy shift provides rigorous information on the
DD∗ interaction.

Bound states and resonances lead to levels in addition to
the scattering levels.
X(3872) from DD∗ scattering on the lattice: 9 new inter-

polators have been added into consideration

m(X(3872))− (mD + mD∗) = −8± (15) MeV

The part of them corresponds to the tetraquark structure
[c̄q̄]g[cq]g

m(X(3872))− (mD + mD∗) = −9± (8) MeV

arXiv:1503.03257 [hep-lat] , S.Prelovsek, L. Leskovec

m(X(3872))− (mD + mD∗) = −13± (6) MeV

simulations with Nf = 2 + 1 + 1 dynamical quarks
arXiv:1411.1389 [hep-lat] , S.Lee et al (Fermilab Lattice

and MILC)

3 Conclusions
The lattice QCD simulations of X(3872) with JPC = 1++

have been performed in this study. We also have proposed
the approach to determine the nature of this state. A candi-
date for the charmonium(like) state X with tetraquark struc-
ture has been found using dynamical Nf = 2 + 1 lattice
simulation. Also candidate for state X(4140) with molec-
ular structure.It is first lattice prediction for state X(4140).
Precision simulations of these channels in the future would
be valuable.
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