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Clustering and negative temperatute state of vortices in geophysical flow:
Statistical mechanics of quasi-geostrophic point vortices

Miyazaki, Takeshi
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The statistical mechanics of quasi-geostrophic vortices is investigated
numerically and theoretically. Direct numerical simulations of a point vortex system of mixed sign under
periodic boundary conditions are performed using a fast special-purpose computer for molecular dynamics.
Clustering of point vortices of like sign is observed and a columnar dipole structure appears
as an equilibrium state.

These numerical results are explained from the viewpoint of the classical statistical mechanics. A
three-dimensional mean field equation is derived based on the maximum entropy theory. The numerically
obtained end states are shown to be the 2D sn-sn dipole solutions of the mean field equation. We present
other branches of 2D and 3D solution of the mean field equation, whose entropy is smaller than that of
the two-dimensional sn-sn dipole branch. These findings explain the reason why only the two-dimensional
sn-sn dipole states are found in the numerical simulations of point vortices.
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