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ABSTRACT

Evidence indicating that quarks are not confined inside mesons above the chiral
transition is presented.

1. Introduction

The possibility that quarks may be confined in the pion above the chiral / de-
confinement transition has received attention during the past few years'?2, The MTc¢
collaboration® studied the chiral transition using four flavours of staggered quarks on
a lattice of size 16° x 3. They found a first order chiral phase transition and appar-
ently accompanied by a deconfinement transition. as the rho screening mass was that
expected for two free quarks. However, the pion screening mass was a factor of two
lower, indicating that the pion could be a bound state.

The quark propagator also changes at the critical temperature, with the effective
quark mass defined in the Landau gauge dropping by a factor of two at the phase
transition?. This supported the idea that both the pion and the rho were probably
deconfined above the chiral transition, but with different interactions between the
quark and anti-quark in each meson channel.

The lowest Matsubara frequency of the quark is large with respect to the effective
mass in the high temperature phase. This swamps the effective mass, making it
difficult to extract.

The lowest Matsubara frequency is zero with periodic temporal boundary con-
ditions for the valence quarks in the meson. So using these, one may be able to
gain additional insight into the nature of the mesons at high temperature. One ex-
pects to see no effect if the quarks are confined into the meson, but some effect if
the quarks are not confined. (Note that the configurations are constructed using the
usual anti-periodic temporal boundary conditions.)

Another complication lies in the point sources used for the meson operators. The
meson correlator then has contributions from higher mass states, corresponding to
the different internal quark momenta that can yield a fixed meson momentum. Hence
one needs to follow the correlator to large distances. This then forces one to study the
spatial correlators, and introduces the problem with the lowest Matsubara frequency
alluded to above. So wall sources, which project each of the quarks in the meson
onto half of the meson momentum, may enable one to extract a clean signal from the
temporal correlator, yielding a measurement that is simpler to interpret.
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Figure 1: The spatial correlator in the PS (circles) and VT (squares) channels at
B = 5.1 with (a) anti-periodic and (b) periodic boundary conditions in the temporal
direction. The masses shown were obtained from fits.

2. Periodic Boundary Conditions

Correlators for the pton and rho mesons were constructed with both periodicand
anti-periodic temporal boundary conditions for the valence quarks using the MTc
configurations, generated with anti-periodic temporal boundary conditions.

Below the phase transition, at 8 = 3.1, neither the pion nor the rho propagitor
is affected by the change in boundaries (see fig.1), as expected for confined quarks.
Above the phase transition, at # = 5.3 (about 1.8 times the transition temperature)
there is evidence for the presence of quark poles in both meson channels.

It is clear in fig.2 that there is a large and qualitatively similar change in both
the pion and the rho correlators. This indicates quite strongly that the quarks now
contribute directly to the correlator, and are not confined inside the meson. This s
discussed in more detail in ref.®, along with the results for wall sources.

3. Wall Sources

One may calculate the correlators in both the temporal and spatial directions
if one uses wall sources for the quarks. Since wall sources fix the quark momenta,
one should reach the asymptotic state sooner, as there is no need to damp out the
contribution of the sum over internal quark momenta. This allows masses to be
extracted from the short temporal correlator as well.

These masses are depicted in fig. 3 along with twice the effective temporal quark
mass *. The temporal correlator is not governed by the 277 associated with spatial
propagation of quarks, and one is able to interpret the mass extracted from the
correlator directly as an effective mass. One can see in fig. 3 that above the transiion
both the pion and the tho have masses near twice the effective quark mass.

The spatial correlation functions have also been examined, for both periodic and
anti-periodic temporal boundary conditions, and also support the conclusion that
above the chiral phase transition the quarks are not confined inside the mesons.
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Figure 2: As for fig.1, but at 8 = 5.3.
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Figure 3: Local masses for the pion (circles), rho (squares) and twice the quark
effective mass (triangles), extracted from the temporal correlator using wall sources.

4. C

onclusions

All of the quantities examined indicate that above the chiral phase transition one
has deconfined quarks, with a considerable residual interaction. One does not reach
the perturbative regime until some way above the transition temperature.

The interaction between a quark — anti-quark pair carrying pion quantum num-
bers is about four times stronger than that in the rho channel. This is responsible
for the difference between the pion and rho mass above the phase transition.
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