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There has been a long controversy on the entropy of collisionless plasmas since the very beginning of plasma physics, ar
the final solution is still yet to come. One difficulty of collisionless entropy is the reversibility of the basic equation. The basic
equation of an collisionless system is the Vlasov equation, and it is symmetric in time reversal. Therefore, when we define ar
entropy based on the distribution function in the Vlasov equation, it becomes time constant. The coarse-graining procedure |
usually used to avoid this difficulty. When we average out fine scale structures of the distribution function, the resulting entropy
may vary as time goes on.

When we try to apply this coarse-graining procedure to a relativistic plasma, there arises another problem: time-space decon
position. The coarse-graining procedure is done by averaging the distribution function over a small spacelike volume in the phas
space. However, the definition of a spacelike volume is frame dependent in relativity.

A distribution function f(x,p,t) is often used in relativistic plasma physics because it can be shown its value is unchanged undel
the Lorentz transform,that is, f'(x’,v',t") = f(x,p,t), where dash marks represent change of reference frame. However, this does
not mean f'(x’,v',t')dx'dv’ = f(x,p,t)dxdv because the phase space volume element dxdp is not Lorentz invariant; it is a spacelike
volume that depends on the choice of a frame.

Therefore, the averaging of coarse-graining must be on the different small spacelike volume. Starting from more fundamente
kinetic expression proposed by Hakim [1967], the relativistic coarse-grained entropy and its relation to the Lorentz transform are
investigated in the present study. It is shown that the entropy can be reasonably defined when the distribution is close to the loc
equilibrium.
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