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Relativistic thermodynamics and statistical mechanics have controversial issues even today, more than a hundred years af
the establishment of the relativistic theory. The controversy exists not only on the advanced applications but also on the ver
basic and fundermental concepts. For example, there are several different definitions on the relativistic temperature and there
not general agreement yet; some authors even claim the concept of temperature cannot be well defined in relativity at all.

Similar confusion exists in the statistical equilibrium particle distribution in relativity. The distribution function proposed by
Juttner (1911) was widely accepted as the equilibrium distribution in relativity. This distribution has been often applied to the
linear plasma kinetics as the background distribution. However, Horwitz at al. (1989) argued that the equilibrium distribution
must be the stationary solution to the relativistic Boltzmann equation, and the Juttner’s distribution is not. A number of papers
has been published following this argument, and the controversy is still going on.

Any theory in relativity must be covariant under the Lorentz transform, and the best way to demonstrate convariance is to write
down all physical quantities as covariant tensors, However, quantities on relativistic thermodynamics or statistical mechanic
are often expressed in a frame-dependent way, and it causes confusion. The patrticle distribution function, for instance, is ofte
treated in the same way as in the non-relativistic theory, however, it is frame-dependent. Since a distribution function can be
regarded as a density flux in a eight dimensional symplectic spece, it must be treated as a vector with eight components (see, e
Hakim, 1967).

The same thing can be true for the relativistic temperature. Though there still exists confusion, many authors (including myself
believe the inverse temperature defined as a four vector (van Kampen 1968, Israel 1976, 1981) is the one of the best, if not t
best, way to define the temperature in a covariant way. However, it may not well recognized when the argument comes to th
relativistic statistical mechanics.

The purpose of the present study is to write down the possible relativistic equilibrium distribution in the form of a covariant
tensor with the convariant temperature. Consequences to the plasma kinetic theories will be also discussed.
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