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Abstract

We consider the problem of time-stepping/sampling for molecular and meso-scale particle dynamics. The aim
of the work is to derive numerical time-stepping methods that generate samples exactly from the desired target tem-
perature distribution. The numerical methods proposed in this paper rely on the well-known splitting of stochastic
thermostat equations into conservative and fluctuation-dissipation parts. We propose a methodology to derive numeri-
cal approximation to the fluctuation-dissipation part that exactly samples from the underlying Boltzmann distribution.
Our methodology applies to Langevin dynamics as well as Dissipative Particle Dynamics and, more generally, to ar-
bitrary position dependent fluctuation-dissipation terms. A Metropolis criterion is introduced to correct for numerical
inconsistency in the conservative dynamics part of the model. Shadow energies are used to increase the acceptance
rate under the Metropolis criterion. We call the newly proposed method meso-GSHMC.
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1. Introduction

Classical molecular dynamics (MD) simulations of all-atoms or coarse grained systems are among the most popu-
lar techniques for simulation of soft matter. Classical MD simulations are naturally performed under the conditions of
constant energy E, constant volume V , and constant number of particles N. One refers to such simulations as micro-
canonical or NVE ensemble simulations [1, 2]. In addition to energy, volume and number of particles, microcanonical
ensemble simulations also conserve linear and angular momentum, with the later not being a constant under periodic
boundary conditions. Unfortunately, the microcanonical (NVE) ensemble does not correspond to the conditions under
which most experiments are carried out. If one is interested in the behavior of the system at a specific temperature
T , a constant NVT ensemble simulation using a thermostat is required. See, for example, [1, 2] for a description of
popular thermostats. In this paper, we focus on stochastic thermostats (e.g., the Andersen thermostat, Langevin and
Dissipative Particle Dynamics (DPD)) and their numerical implementation since these methods appear to be robust
and accurate in a wide range of applications [1, 2].

Note that local thermostats, such as Langevin dynamics and DPD, can be viewed as simplified reduced systems
in the sense of Mori-Zwanzig reduction (see, for example, [1]). This aspect is particularly important for coarse
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