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Abstract

In this paper, we investigate the finite-temperature properties and phase transition of the Dicke model. Converting
the atomic pseudo-spin operator to the two-mode Fermi operators, we obtain the partition function in terms of the
imaginary-time path integral. The atomic population and average photon number as analytic functions of the atom-
photon coupling strength are found from the thermodynamic equilibrium equation, which leads to the stationary state at
a finite temperature and is determined by the variation in an extremum-condition of the Euclidean action with respect
to the bosonic field. In particular we study the phase transition from normal to superradiation phase at a fixed low-
temperature, in which the phase transition is dominated by quantum fluctuations. The phase transition induced by the
variation of the atom-photon coupling strength indeed obeys the Landau continuous phase-transition theory, in which
the average photon-number can serve as an order parameter with non-zero value that characterizes the superradiation
phase. In the zero temperature limit our results recover exactly all those obtained from the quantum phase transition
theory at zero temperature. In addition, we discuss the thermodynamic properties and compare the difference between
finite-temperature phase transition and zero-temperature quantum phase transition. It is discovered that the average
photon-number and mean energy in the low-temperature stationary state coincide with the corresponding values of
zero-temperature in the strong coupling region. The entropy of the superradiation phase decays rapidly to zero with the

increase of coupling strength.

Keywords: Dicke model, imaginary-time path integral, phase transition
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