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1. Introduction

Recently, there has been interest in the structure of the scalar mesons in the hadron physics.
In particular the existence of the σ meson (I=0, JPC=0��) was obscure for many years. The con-
fidence level of the σ meson has been increasing. There have been accumulation of experimental
evidence of the σ with a low mass 500 � 600 MeV [1]. In the non-relativistic constituent quark
model, JPC=0�� meson is realized as 3P0 state, which implies that the mass of the σ should be in
1�2 � 1�6GeV region. Therefore some mechanism is needed to down the mass. Many suggestions
are discussed in the literature [2, 3, 6, 7, 8, 9, 10, 11, 12, 13, 14].

We have presented a lattice calculation of the σ meson, by full lattice QCD simulation on
the 83

� 16 lattice using the plaquette action and Wilson fermions. We have observed that the
disconnected diagram makes the σ mass very light [9, 10, 11, 12]. The connected diagram alone
gives heavy mass.

If the σ meson exists, it is natural to consider the κ meson as member of the nonet scalar
states chiral SU(3)XSU(3) symmetry. Recently, the κ with I=1/2 is reported with mass mκ � 800
MeV[4, 5]. It is very important to investigate the κ meson by lattice QCD in order to establish the
mass spectroscopy of the scalar mesons. Because lattice QCD provides a first principal approach
of hadron physics and allows us to study non-perturbative aspects of quark-gluon dynamics. In the
previous paper[12, 15], we have treated the s quark as a valence, while u and d quarks dynamical.
And Prelosek[16] have presented a rough estimate by extrapolating the mass of κ obtained from
the dynamical simulation. They assumed that the u, d and s quarks are degenerate. In our previous
simulation, the cutoff was not sufficiently high to accommodate large masses mκa � 1, where a is
the lattice spacing. Hence, we present a quench simulation at weaker couplings on a lager lattice.
And we shall also mention that our simulation suggests the existence of I=1/2 JPC=1�� axial vector
(K1) meson.

2. Propagator

We adopt the following interpolation operator for creating the κ� meson with I=1/2 and JPC �

0�� as

κ̂�x��
3

∑
c�1

4

∑
α�1

s̄c
α�x�u

c
α �x�� (2.1)

where s and u indicate the corresponding quark spinors. Indices c and α stand for color and Dirac
spinor indices, respectively. The κ meson propagator is written as

G�y�x� � � Tκ̂�y�κ̂�x�† �

�
1
Z

�
DUDūDuDs̄Ds

3

∑
a�b�1

4

∑
α �β�1

s̄b
β �y�u

b
β �y�

� �s̄a
α�x�u

a
α �x��

† e�SG�ūWuu�s̄Wss� (2.2)
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Table.1 The mass ratios mπ�mρ

hu�d 0.1583 0.1589 0.1592

Number of Configulations 40 40 30

Our result 0.57(32) 0.45(39) 0.39(67)

CP-PACS 0.593(1) 0.491(2) 0.415(2)

Table.2 The mass ratios mK�mK�

hs=0.1566 hs=0.1574

hu�d=0.1583 0.63(13) 0.59(16)

hu�d=0.1589 0.60(16) 0.55(19)

hu�d=0.1592 0.59(19) 0.53(22)
We use 25 configurations for all hopping parameters.

In Eq.(2.2), W�1
u (W�1

s )’s is u (s) quark propagator, U’s are link variables of gluon, and SG is the
gauge action. By integrating over u, ū, s and s̄ fields, the κ meson propagator is given by

G�y�x� � �� TrW�1
s �x�y�W�1

u �y�x� � (2.3)

where “Tr” represents summation over color and Dirac spinor indices. From Eq.(2.3), we can see
that κ propagator is composed of a connected diagram and contains no disconnected part, the latter
of which was the origin of the light mass of the σ meson. For K1, the operator is K�1 =s̄γμγ5u and
also the K1 meson propagator is composed of a connected diagram. We employ Wilson fermions
and the plaquette gauge action.

3. Numerical Simulations

As for the simulation parameters, we first note that CP-PACS performed the quenched approx-
imation calculation of the light meson spectroscopy with great success[17]. Therefore, we use the
same values of the simulation parameters as those used by CP-PACS, i.e., β=5.9, and the following
three values for the u and d quark hopping parameter hu�d=0.1583, 0.1589 and 0.1592, and the two
values for the s quark hopping parameter hs=0.1566 and 0.1574, except for the lattice size; our
lattice size is 203

�24. The meson propagators are calculated on a configuration in every 2000 tra-
jectories generated by the heat bath method. We shall use the point source and sink, which together
with the smaller lattice size , leads to large masses due to mixture of higher mass states. In other
words, the masses to be obtained in our simulation should be considered as upper limits. The mass
ratios of mπ�mρ are summarized in Table 1. Our results have large error bars. The propagators of
the K, K�, κ andK1 are shown Fig. 1, 2. The mass rations of mK�mK� , mκ�mK� and mK1�mK� are
summarized in Table 2 � 4.
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Figure 1: Propagators of K, K �, κ and K1 for hu�d � 0�1583 and hs � 0�1566.

Figure 2: Propagators of K, K �, κ and K1 for hu�d � 0�1583 and hs � 0�1574.
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Table.3 The mass ratios mκ�mK�

hs=0.1566 hs=0.1574

hu�d=0.1583 2.36(47) 2.28(42)

hu�d=0.1589 2.150(89) 2.26(1.20)

hu�d=0.1592 2.41(1.60) 2.66(2.41)
We use 25 configurations for all hopping parameters.

Table.4 The mass ratios mK1�mK�

hs=0.1566 hs=0.1574

hu�d=0.1583 1.71(50) 1.77(54)

hu�d=0.1589 1.77(63) 1.86(18)

hu�d=0.1592 2.10(1.88) 2.07(1.22)
We use 25 configurations for all hopping parameters.

4. Concluding remarks

We have reported our preliminary results on the κ and K1 meson propagtor based on the
quenched QCD. We see that the κ and K1mass are almost twice as havey as the K� meson for all
values of the hopping parameter. Our preliminary result of κ meson does not agree with recent
experimental values. It is necessary to generate much more gauge configurations and improve the
statistical precision of the estimation of κ and K1 propagators.
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