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Thanks to its capability of including quantum effects in a classical dynamics, Ring-
Polymer Molecular Dynamics (RPMD) has focused the interest of researchers from many
different theoretical fields. Firstly used to reproduce time correlation functions [1] and the
rate of chemical reactions[2], RPMD has been connected to the instantons formalism [3]
and used to describe nonadiabatic dynamics [4] with the support of mapping approach [5].
This allow us to use a set of continouos (i.e. classical) variables to approximately describe
the evolution of a quantum system.

In the Nonadiabatic RPMD (NRPMD), the Hamiltonian can be written as
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where p and x are the momentum and position vectors of the RP beads with elements
pi and xi; Xiα and Piα are the electronic mapping variables vectors, which contain the
positions and the momentums components of all the PES involved (usually two, i.e. Xiα =
{Xiα,0, Xiα,1}), while UN is the RP potential.

In the classical (N = 1,Λ = 1) mapping variables methods, during the propagation the
electronic system tends to exit from their physical subspace, namely the Single Excited
Oscillators (SEO) subspace, leading to ambiguity and inaccuracy.

As shown in [6], the introduction of many mapping variables (Λ → ∞) ensures that
the system is initialized onto the correct SEO. We study the applicability and the accuracy
of this method at longer times against a benchmark model for nonadiabatic phenomena,
the two level, linear potential Hamiltonian. Special attention will be dedicated to dy-
namical effects, especially for electronic population statistics and for conservation of the
classical phase-space Boltzmann distribution, e−βĤ , which represents a critical condition
that NRPMD has to meet in order to produce reliable results.

This efforts are motivated by the lack of theoretical proofs about the behaviour of the
NRPMD Hamiltonian in the long time limit.
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