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One-dimensional self-gravitating many-body systems consist of N iden-
tical parallel sheets which have uniform mass density m and infinite in
extent in the (y, z) plane. We call the sheets particles in this paper. The
particles are free to move along z axis and accelerate as a result of their
mutual gravitational attraction. The Hamiltonian of this system has a form
of

N
H= %ZU? +@2rGm) S |25 — =i, (1)
=1 i<j
where m, v;, and z; are the mass (surface density), velocity, and position

of ith particle respectively.

This system has been supposed to have three stages of evolution. (1)A
system in a non-virial equilibrium experiences the violent relaxation and
settles into one of the virial equilibria. (2) Small fluctuations of mean po-
tential change energies of individual particles and the system tends toward
equipartition, but the global shape does not change in this phase. (3) Col-
lisions among the particles take place and the global shape changes toward
the thermal equilibrium. Some authors suggested the existence of the three
stages(Luwel and Severne, 1985; Sevene and Luwel, 1986), but we were
the first to find the above evolutions numerically(Tsuchiya et al., 1994).
We call the relaxation processes which take place in the second and the
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third stage, the microscopic and macroscopic relaxations, respectively. In
the second paper(Tsuchiya et al., 1995) we found the time scales of the two
relaxation: T' ~ Nt, for the microscopic relaxation and T ~ 4 X 10* Nt, for
the macroscopic relaxation, where N is the number of particles and t. is
the crossing time.

In usual gas dynamics, there is a unique relaxation, thermalization,
and its mechanism is the diffusion of the phase point in the phase space.
We found all the microscopic processes which happen in the microscopic
relaxation shows the evidences of thermalization except for the fact that
the global distribution does not change. Thus we continue our investigation
to clarify what happens in the microscopic and macroscopic relaxations.

We studied the state of the thermal equilibrium in detail, and found the
thermal equilibrium is defined as a time average of different quasi-equilibria,
over hundreds of the macroscopic relaxation time, Tacro. In a time scale of
Tiacro, the system changes the state from one quasi-equilibrium to another.
From the fact we can surmise the phase space dynamics as follows.

1. The microscopic relaxation. It is a diffusion driven by mean field
fluctuations. It takes place on the time scale Tijcro ~ N t.. This kind
of diffusion is also studied by Miller (1991).

2. Quasi-equilibria. The diffusion of the microscopic relaxation is re-
stricted in a region for a long time, then the orbit in the phase space
travels all over the region. Hence the system shows the “mock” er-
godicity. Its lifetime is 4 x 10*Nt, for the water-bag distribution, for
example.

3. The macroscopic relaxation. After long time, the orbit escapes from
the quasi-equilibrium region. This happens when the orbit find a small
window to the outside of the wall which restricts the orbit in the region.
Then the orbit visits all the regions in the phase space, the system
attains the thermal equilibrium.

The detailed analyses will be published elsewhere.
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