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1. Introduction

It is important to study quark propagators not only in the confinementephat also the
deconfinement phase. The quark confinement means that the isolatkdpgetrum absents in the
asymptotic state. The information of the asymptotic state appears in the pragagmatesponding
particles. It is expected that quark propagators behave as somethiregdinted by perturbative
QCD in the confinement phase. In the deconfinement phase, it is explkatdate quark has the
guasi-particle state as the asymptotic state. The mass of the quasi-particleddtualieal mass
defined at the chiral limitrfg — 0) and is calculated in the high temperature limit.

There are several lattice calculations of quark propagators [2, 364,75 8]. In the confine-
ment phase, the motivation to study quark propagators is whether infiaugdarities exist or not
in the momentum space. These calculations were summarized by Ref. [2].e@th#ér hand,
studies in the deconfinement phase are not so much. However, the exisfeplasmino-mode
nearT, is suggested in the lattice calculation[8].

We here carry out th&J(3) lattice simulation with the clover improved Wilson fermion to
investigate the quark propagator near the QCD phase transition point. dineafized quenched
lattice configurations are fixed by the Landau gauge. In this report wethdoeffective mass
of the quark propagator in the QGP medium and discuss the qualitativeediéiibetween the
confinement and deconfinement phases.

2. Formulation

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

G(ps) = Z(ps) _ Z(pa)(—i pa+m)

Tiparm p2eme @1

wheremis the pole masg is the renormalization function arg is the time-like momentum. The
propagator in the co-ordinate space is defined by Fourier transformation
_ d -
Gt = (WO F(0) = [ Z2c(paeP, (2.2)

2n

where the time-like momentumps’s are equal tq2n; — 1)71/N; with iy = 1,2, ---N; for the anti-
periodic boundary condition in temporal direction. The quark propagatihre co-ordinate space
has the following form,

z
G(t) = W[COSM@—MZT)M
—sinh(m(t—1/2T))], (2.3)
where YT = N; andt is the temporal extension.
It is important information that in the co-ordinate space quark propagaitnssome pole

structure behave as the sum of propagators with one pole. In additidaritimef quark propagators
atp = 0 is written by

G(t) = Ga(t)ya+ Gs(t). (2.4)
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Table 1: Parameters

B temperature K Caw B  temperature K Caw
6.10 1.08998 0.1345559 1.678%.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 propagi@t the confinement and decon-
finement phases. In those figures, two top figures corresponesults in the confinement phasé£24
andN; = 16). Two bottom figures correspond to results in the decomfam phaseNs=24 andN; = 8).

B = 6.10 for the left figures an@ = 6.25 for the right figures.

The effective mass is defined by the ratios,
Gy(t)/Ga(t+ 1), Gs(t)/Gs(t+1). (2.5)

If propagators have only one pole, the effective mawgs: obtained by Eqg. (2.5) should be a
constant ag increases.

3. Numerical results

Figure 1 shows the behavior of the effective masses defined by the pectof quark propa-
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Figure 2: They show the volume dependence of the effective mass dddintrek vector part of quark prop-
agators. In those figurebly = 24 andNs = 32, 8 = 6.10 andk = 0.1345559. The left figure corresponds
to the result of the confinement pha$¢ € 16). The right figure corresponds to the result of the decon-
finement phase\; = 8). The effective mass decreases as volume increases itheotionfinement and the
deconfinement phases.

gators in the confinement (top two figures) and the deconfinement (bottofigiwes) phases. In
those calculations, the temporal lattice sikk) (s equal to 16 in the confinement phase and 8 in
the deconfinement phase and the spatial lattice Bleg equal to 24.

The effective mass in the confinement phase approaches a flat fraimdbeas time increases.
This behavior is different from that of normal particles like mesons. Incee of mesons or
some other patrticles, the effective mass approaches a flat from thastiere increase. We can
understand what is the reason of this strange behavior if quark patgradpave pole structure. The
effective mass is roughly written by

1+ pexp(—Ant) ), (3.1)

1+ pexp(—Am(t+1))

wheremy is the mass of the lowest mod&m is the difference between the mass of the lowest
and the next modes amis the ratio of the norm of the lowest and the next modes. The behavior
such as two top figures in Fig. 1 is realized wjihis negative; that is, quark propagators contain
negative norm states. The effective mass in the deconfinement phasesiard excepting; = 1
andn; = 6. The behavior suggests that negative norm states absent in thdidecmnt phase.

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

Up to this, we only show the effective mass defined by the vector partaxkquropagators.
The scalar part is ill-fitted in the case Nf < 16. Figure 4 calculated by the parametgrs: 6.00,
K = 0.1335080Ns x Ny = 243 x 24, 36 x 36 suggests that the scalar part is well-fitted in laxge
calculations. The right figure in Fig. 4 shows that the both masses defjrtbd bector part and the
scalar part are approximately the same value at largk is a reasonable result because the vector
part and the scalar part of quark propagators in the form of Eq. (2v@ the same information
about the pole mass.

Mef f :mo+ln<
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Figure 3: This shows the temperature dependence of the effective. mMasthis figure,Ns = 32, N; =
16,14,12,10,8,6, B = 6.10, andk = 0.1345559. Results oy = 16,14,12 10 correspond to the mass
belowT; and results o\; = 8,6 correspond to the mass abdke 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 miakg3w= 6.00 andk = 0.1335080. In
those cases we can fit not only the vector part of quark prapegbut also the scalar part. The right figure
shows that the effective mass defined by the scalar part apipes to one defined by the vector part.

4. Summary

We studied quark propagators in the confinement and the deconfinenasiespi he temporal
lattice size needs to be sufficiently large (at lefdst> 24 to fit well) to analyze the scalar part
of quark propagators. Here we fixed the gauge with Landau gaugditioon However, it is
known that the Landau gauge condition violates the positivity of the tramsdtnix but it might be
maintained only in the Coulomb gauge condition that the effective mass defjribd bxponential
damp of quark propagators is the pole mass[10]. Therefore we shalgldate quark propagators
with the Coulomb gauge condition as the next step.
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