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Phantom: A topological method to analyze macro-system and its singular
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Topological constraints play a key role in the self-organizing processes
that create structures in macro systems. Some topological constraints are represented by Casimir
invariants (such as helicities), and then, the effective phase space is reduced to the Casimir
leaves. However, a general constraint is not necessarily integrable, which precludes the existence
of an appropriate Casimir invariant. We have formulated a systematic method to embed a Hamiltonian
system in an extended phase space; we introduce “ phantom fields” and extend the Poisson algebra. A

phantom field defines a new Casimir invariant, a cross helicity. This hierarchical relation of
degenerate Poisson manifolds enables us to see the interior of a singularity as a sub Poisson
manifold. The theory can be applied to describe bifurcations and instabilities in a wide class of
general Hamiltonian systems.
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