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Introduction and motivation
Simulations of complex materials and chemical and biological systems require the use of
model potentials (force fields). As a consequence, the results of the simulations are "only as
good as the force field employed." In principle, high-level electronic structure calculations on
appropriate model systems can provide the information needed for generating accurate force
fields. As long time scale first principle simulations are still computationally intractable, new
“polarizable” classical models grounded on quantum mechanics are needed.

State-of-the-art
Nowadays, modern molecular modelling techniques propose numerous potential
applications, from materialsciences to protein structure prediction and drug design. Indeed,
classical Molecular dynamics (MD) is now able to provide useful information to
experimentalist as simulations are getting closer and closer to relevant biological timescales.
Nevertheless, if MD is now able to produce microsecond trajectories, one should ask about
the possible improvements of such simulations. At this point, two directions can be taken.
The first consists in increasing the speed of MD softwares by coupling improved sampling
methodology to massively parallel computers, having as goal to reach the second timescale.
However, if this strategy will probably offer some interesting insights about physical or
biophysical process, there is no doubt that the question of the accuracy of the used empirical
energy functions, the socalled force fields, should be raised. Indeed, current simulations are
mainly aimed to compute free energies and despite success, actual data are already
sufficient to demonstrate that current molecular mechanics (MM) potentials have serious
shortcomings. [1] This can be easily understood when considering that free energy required
an accurate evaluation of both enthalpic and entropic contributions. If entropy can be
recovered trough sampling efforts, enthalpy needs to be approximate from their quantum
mechanical expression. In a way, classical MD can be simply seen as an approximate
quantum Born-Oppenheimer MD approach treating the atomic nuclei as classical particles
subject to interatomic forces. Presently, these latter remain obtained from empirical
potentials far to reproduce first principles results. Therefore, MD should not be able to
quantitatively describe vast numbers of systems dominated by difficult weak interactions
such as H-bonds networks, metalloproteins and metal clusters, highly charges systems etc...,
where Chemistry and electron correlation/relativity dominate. For these systems, the right
tools are required. In this context, new methods such Anisotropic Polarizable Molecular
Mechanics (APMM) procedures [2-9], the so-called polarizable force fields have been
developed (see references [2] for a recent special issue published in J. Chem. Theory.

Comput.). These approaches share the common characteristic of including a more evolved
representation of the electrostatic contribution to the interaction energy compared to the
usual point charge approximation, allowing a closer reproduction of the anisotropic features
of the ab initio Coulomb contribution. Meanwhile, new improved semi-empirical approaches
[10-11] are emerging together with fast fragment based approximate quantum chemical
techniques [12-14].
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Objectives
The scope of this informal discussion that will bring brings together researchers with
expertise in force field development and those with expertise in electronic structure method,
is to allow discussion on the possible ways to improve the accuracy and efficiency of modern
classical simulations of complex systems. Two main objectives:



Identify the most crucial scientific issues one has to face in the research related to the
"atomistic classical simulation problem" and in particular those that computational
advanced polarisable approaches could help to solve, and
Clarify which theoretical and computational methods one should develop and/or use
to tackle specific problems, and which resources are needed to accomplish the tasks.

Therefore, the topic will focus on:
1)

2)

long time scale polarizable simulations of biomolecular systems, including those
involving metals, and systems relevant for energy applications, including CO2 capture
and sequestration.
High performance classical molecular dynamics: towards multi-millisecond polarizable
simulations, parallel computers, GPUs and other dedicated processors.

We selected a small group of experts from academia, government and industry. The
discussions throughout the meeting will facilitate new collaborations, leading to important
advances.
Concerning the organization, the goal is to host around 15 invited talks of 40 minutes. There
will also be about five short, ~15 minute contributed talks. This will leave ample time for
discussions.
Another goal of this meeting is to encourage the participation of students and postdocs who
will be able to present results in poster sessions.
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