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Abstract

Computer simulations based on an atomistic description of matter have become one of the
pillars of contemporary science. However in spite of their power, their scope is severely
restricted by a variety of limitations that make their application to many complex systems
challenging. One such limitation arises when the system exhibits long-lived metastable
states separated by kinetic bottleneck. This is a common occurrence, for instance in
chemical reactions, phase transitions, protein folding and in many other areas. The time
scale for such rare but crucial events to occur, far exceeds what can be reached by direct
simulation. We put in place a strategy for addressing this problem. We first identify the
degrees of freedom that are involved in the process and then we amplify in a controlled way
the fluctuations of these degrees of freedom such that the configuration space exploration
is greatly accelerated and macroscopic time scales con be simulated. The role of entropy
fluctuations is underlined. We use the example of crystal nucleation to illustrate these
concepts.
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