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Analysis of the Phase Structure and the Mechanism of Phase Transition
of Thermal Gauge Field Theories through the Hard-Thermal-Loop
Improved Dyson-Schwinger Equation

Il R
Hisao Nakagawa
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1. [Phase Structure of Thermal QCD/QED: A Gauge Invariant Analysis based on the Hard Thermal
Loop Resummed Improved Ladder Dyson-Schwinger Equation |, to appear in the proceedings of the
International Workshop on Origin of Mass and Strong Coupling Gauge Theories (SCGT07), Nov.
21-24, 2006, Nagoya University, Nagoya, Japan (hep-ph/0703134)

Based on the hard-thermal-loop resummed improved ladder Dyson-Schwinger equation for the fermi-
on mass function, we propose a procedure how we can get the gauge invariant solution in the sense it
satisfies the Ward-Takahashi identity. Results of the numerical analysis are shown and properties of the

"gauge-invariant" solutions are discussed.

In this paper, we present, in the analysis of the HTL resummed improved ladder DS equation for the
fermion mass function in thermal QED/QCD, the procedure to get the gauge invariant solution in the
sense it satisfies the Ward-Takahashi identity. We firstly show that the solutions of the HTL resummed
improved ladder DS equation in thermal QED/QCD suffer from the problem of gauge-parameter
dependence, then solve numerically the DSE constrained to satisfy the Ward-Takahashi identity and
investigate the properties of the “gauge invariant” solution. Part of the preliminary result of the analysis
was already reported], showing the effectiveness of the procedure.

Results of the present analysis are summarized as follows:
(1) The solution of the HTL resummed improved ladder DS equation depends strongly on the
choice of the gauge parameter within the momentum-independent gauge. This type of solution always
shows the explicit contradiction with the Ward-Takahashi identity.
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(2) We can determine numerically the solution that satisfies the Ward-Takahashi identity, namely
the solution in which the fermion wave function renormalization constant is almost equal to unity. To
get such a solution it is essential that we work in the nonlinear gange where the gauge parameter £
depends on the momentum of the gauge boson.

(3) The chiral phase transition in the massless thermal QED/QCD is confirmed to occur through the
second order transition; a dynamical fermion mass is generated at the critical temperature or at the criti-
cal coupling constant without discontinuity.

(4) The effect of thermal fluctuation on the chiral symmetry breaking and/or restoration is smaller
than that expected in the previous analysis in the Landau gauge.

2. [Analysis of the Phase Structure of Thermal QED/QCD through the Hard Thermal Loop Improved
Ladder Dyson-Schwinger Equation—On the Gauge Dependence of the Solution— ], submitted for

publication,

We solved with a numerical procedure the HTL improved ladder DS equation for the retarded fermion
self-energy function 3 r to study the spontaneous generation of fermion mass in thermal QCD/QED, and
studied the gauge-dependence of the solution within a general covariant gauge where the gauge parame-

ter £ being any constant number.

With the numerical solutions thus obtained, we found the followings; i) The fermion wave function
renormalization function A (P) always deviates largely from unity even at the momentum where the
mass is defined, thus the corresponding solutions explicitly contradict with the Ward-Takahashi identity.
ii) As a result, the obtained solutions strongly depend on the choice of gauge parameters: the critical
temperatures and the critical coupling constants significantly change gauge by gauge. In all gauges we
studied in the present analysis, we could not find any solution, having a possibility to be consistent with
the Ward-Takahashi identity. Thus we are forced to investigate the procedure to find a gauge which
enables us to get a solution being consistent with the Ward-Takahashi identity, otherwise we cannot
obtain any physically sensible conclusions through the analysis of the point-vertex ladder DS equation

no matter how the gauge propagator gets improved.
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