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1. Introduction

It is important to study quark propagators not only in the confinement phase but also the
deconfinement phase. The quark confinement means that the isolated quark spectrum absents in the
asymptotic state. The information of the asymptotic state appears in the propagators corresponding
particles. It is expected that quark propagators behave as something unpredicted by perturbative
QCD in the confinement phase. In the deconfinement phase, it is expectedthat the quark has the
quasi-particle state as the asymptotic state. The mass of the quasi-particle is called thermal mass
defined at the chiral limit (mq → 0) and is calculated in the high temperature limit.

There are several lattice calculations of quark propagators [2, 3, 4, 5, 6, 7, 8]. In the confine-
ment phase, the motivation to study quark propagators is whether infraredsingularities exist or not
in the momentum space. These calculations were summarized by Ref. [2]. On the other hand,
studies in the deconfinement phase are not so much. However, the existence of plasmino-mode
nearTc is suggested in the lattice calculation[8].

We here carry out theSU(3) lattice simulation with the clover improved Wilson fermion to
investigate the quark propagator near the QCD phase transition point. The thermalized quenched
lattice configurations are fixed by the Landau gauge. In this report we plot the effective mass
of the quark propagator in the QGP medium and discuss the qualitative difference between the
confinement and deconfinement phases.

2. Formulation

We assume that a quark propagator is defined by a simple one pole form,

G(p4) =
Z(p4)

i 6 p4 +m
=

Z(p4)(−i 6 p4 +m)

p2
4 +m2

, (2.1)

wherem is the pole mass,Z is the renormalization function andp4 is the time-like momentum. The
propagator in the co-ordinate space is defined by Fourier transformation,

G(t) ≡ 〈ψ(t)ψ̄(0)〉 =
∫

d p4

2π
G(p4)e

ip4t , (2.2)

where the time-like momentump4’s are equal to(2nt −1)π/Nt with nt = 1,2, · · ·Nt for the anti-
periodic boundary condition in temporal direction. The quark propagatorin the co-ordinate space
has the following form,

G(t) =
Z

2cosh(m/2T )

[

cosh(m(t −1/2T ))γ4

−sinh(m(t −1/2T ))
]

, (2.3)

where 1/T = Nt andt is the temporal extension.
It is important information that in the co-ordinate space quark propagatorswith some pole

structure behave as the sum of propagators with one pole. In addition, theform of quark propagators
at~p = 0 is written by

G(t) = G4(t)γ4 +Gs(t). (2.4)
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Table 1: Parameters
β temperature κ CSW β temperature κ CSW

6.10 1.08998 0.1345559 1.67876.25 1.36650 0.1346226 1.5876
0.1353591 1.6787 0.1352633 1.5876
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Figure 1: Effective masses defined by the vector part of quark propagators in the confinement and decon-
finement phases. In those figures, two top figures correspond to results in the confinement phase (Ns=24
andNt = 16). Two bottom figures correspond to results in the deconfinement phase (Ns=24 andNt = 8).
β = 6.10 for the left figures andβ = 6.25 for the right figures.

The effective mass is defined by the ratios,

G4(t)/G4(t +1), Gs(t)/Gs(t +1). (2.5)

If propagators have only one pole, the effective massme f f obtained by Eq. (2.5) should be a
constant ast increases.

3. Numerical results

Figure 1 shows the behavior of the effective masses defined by the vector part of quark propa-
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Figure 2: They show the volume dependence of the effective mass definedby the vector part of quark prop-
agators. In those figures,Ns = 24 andNs = 32, β = 6.10 andκ = 0.1345559. The left figure corresponds
to the result of the confinement phase (Nt = 16). The right figure corresponds to the result of the decon-
finement phase (Nt = 8). The effective mass decreases as volume increases in boththe confinement and the
deconfinement phases.

gators in the confinement (top two figures) and the deconfinement (bottom two figures) phases. In
those calculations, the temporal lattice size (Nt) is equal to 16 in the confinement phase and 8 in
the deconfinement phase and the spatial lattice size (Ns) is equal to 24.

The effective mass in the confinement phase approaches a flat from theunder as time increases.
This behavior is different from that of normal particles like mesons. In thecase of mesons or
some other particles, the effective mass approaches a flat from the overas time increase. We can
understand what is the reason of this strange behavior if quark propagators have pole structure. The
effective mass is roughly written by

me f f = m0 + ln

(

1+ρ exp(−∆mt)
1+ρ exp(−∆m(t +1))

)

, (3.1)

wherem0 is the mass of the lowest mode,∆m is the difference between the mass of the lowest
and the next modes andρ is the ratio of the norm of the lowest and the next modes. The behavior
such as two top figures in Fig. 1 is realized withρ is negative; that is, quark propagators contain
negative norm states. The effective mass in the deconfinement phase is constant exceptingnt = 1
andnt = 6. The behavior suggests that negative norm states absent in the deconfinement phase.

Figure 3 shows the temperature dependence of the effective mass, whichis roughly constant in
both the confinement and the deconfinement phases respectively and themass in the confinement
phase is larger than one in the deconfinement phase.

Up to this, we only show the effective mass defined by the vector part of quark propagators.
The scalar part is ill-fitted in the case ofNt ≤ 16. Figure 4 calculated by the parametersβ = 6.00,
κ = 0.1335080,Ns ×Nt = 243×24, 363×36 suggests that the scalar part is well-fitted in largeNt

calculations. The right figure in Fig. 4 shows that the both masses defined by the vector part and the
scalar part are approximately the same value at largent . It is a reasonable result because the vector
part and the scalar part of quark propagators in the form of Eq. (2.4)have the same information
about the pole mass.
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Figure 3: This shows the temperature dependence of the effective mass. In this figure,Ns = 32, Nt =

16,14,12,10,8,6, β = 6.10, andκ = 0.1345559. Results ofNt = 16,14,12,10 correspond to the mass
belowTc and results ofNt = 8,6 correspond to the mass aboveTc. Those masses are defined by flat parts of
the effective masses.
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Figure 4: They show the lattice size dependence of the effective mass with β = 6.00 andκ = 0.1335080. In
those cases we can fit not only the vector part of quark propagators but also the scalar part. The right figure
shows that the effective mass defined by the scalar part approaches to one defined by the vector part.

4. Summary

We studied quark propagators in the confinement and the deconfinement phases. The temporal
lattice size needs to be sufficiently large (at leastNs ≥ 24 to fit well) to analyze the scalar part
of quark propagators. Here we fixed the gauge with Landau gauge condition. However, it is
known that the Landau gauge condition violates the positivity of the transfermatrix but it might be
maintained only in the Coulomb gauge condition that the effective mass defined by the exponential
damp of quark propagators is the pole mass[10]. Therefore we should calculate quark propagators
with the Coulomb gauge condition as the next step.
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