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ABSTRACT

Stochastic differential equations (SDEs) are excellent models to describe different phenomena, since
they provide a key tool for a mesoscopic approach to describe the effects of external environments to
a physical model. Specifically, we focus on the analysis of stochastic Hamiltonian problems driven
by additive noise described by the following equations:

dq(t) = ∇pH (p(t), q(t)) dt,

dp(t) = −∇qH (p(t), q(t)) dt + ΣdW (t),

where H(t) : R2d → R is the Hamiltonian function of the system and p(t), q(t) ∈ Rd are the
generalized momenta and coordinates, respectively, Σ ∈ Rd×d is a diagonal matrix with Σii = εi,
i = 1, 2, . . . , d, and W ∈ Rd is a vector of d independent Wiener processes. Stochastic Hamiltonian
problems are the most suitable candidates to conciliate the canonical character of the evolution
equations, with the non-differentiable nature of Wiener process, which describes the continuous
innovative character of stochastic effects.
Our analysis involves stochastic Runge-Kutta methods (SRK), obtained as stochastic perturbation
of symplectic Runge-Kutta methods that exhibit a remarkable error that growth as the parameter
ε of diffusive part increases. To justify the motivation of this behaviour, a perturbative analyisis
in terms of ε-expansions is presented. This analysis shows the presence of a secular term ε

√
t that

destroys the accuracy of the numerical scheme. A selection of numerical experiments confirms the
theoretical analysis.
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