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The method of characteristics is a well‐known procedure for solving a first‐order
differential equation. Applied to Liouville’s equation for classical phase space density,
the characteristics are the classical phase‐space trajectories. Their knowledge leads to a
huge reduction in computational complexity for classical N‐particle systems compared
to the direct propagation of the phase space density, as one needs to propagate only 6N
coordinates instead of an exponentially large number of probabilities for phase space
cells.
The objects that come closest to classical phase space densities in quantum
mechanics are quasi‐probability distributions such as the Wigner function. In principle
it is possible to find deformed phase space trajectories which allow the propagation of
the Wigner function. But the fact that the evolution equation of the Wigner function is
in general of infinite order renders its solution through generalized phase space
trajectories difficult. However, recently progress has been achieved in the nuclear
physics community for finite dimensional spin‐systems and Hamiltonians which are
finite polynomials in the spin‐components. In such cases, there can be a finite
hierarchy of deformed phase space trajectories, and it has even been demonstrated that
in certain cases spin‐queezing or the creation of entanglement between different spins
can be simulated with this method.
The aim of the Ph.D. thesis is to adapt this new method to interacting spin systems,
and to thoroughly test its viability as a simulation tool.
The work will need strong analytical techniques, as well as strong programming
skills. An initial training period in the form of a Master project (“stage M2”) is possible,
where the emphasis will be on the evolution of “quantumness” of simple spin systems
[1‐4].
This project is in the larger context of the scientific goals (Quantum coherence and
information) of the Excelence Initiative NEXT selected by French Government (see
http://www.lpt.ups‐tlse.fr/spip.php?article764&lang=en for details).
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