Fast path integral simulations using ring polymer contraction
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Ring Polymer Contraction Splitting the electrostatic potential

Introduction

U When light particles are present or at low temperatures| | U If it is possible to split the Hamiltonian into rapiigirying U We can improve the efficiency of path integral simulatior|s
Including quantum mechanical effects (zgyoint energy and slowlyvarying parts then ring polymer contraction even more by also splitting the intenolecular coulomb
and tunnelling) in simulations is desirable. can be used to dramatically reduce the cost of the path interactions into rapidly and slowly varying pdrts

Integral simulation. To perform this splitting many of the

iIdeas developed for use in multiple time stepping of

simulations can be exploited.

Path Integral Monte Carlo (PIMC) and Path Integral
Molecular Dynamics (PIMD) simulations allow these
guantum mechanical effects to be included to calculate
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exact static equilibrium properties. U The ring polymer contraction method generates a into a short range
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Can the computational cost be reduced? ) | o classical etiort.
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We split the potential into intra and intenolecular number of water molecules

U The number of beads required for convergence can be
components

estimated by the condition:

n > ﬁhwma,az
Where. ., Is the highest frequency present in the
system.

and evaluate ¥, on the contracted polymer while, ), Conclusions

s still evaluated on all 32 beads. The ring polymer contraction method allows path integre

simulations of systems where the potential can be split
Into rapidly and slowly varying parts to be performed wit
near classical effort while still obtaining the exact re'sult

U Below is infrared dipole absorption spectrum of liquid
water showing the different frequencies present.
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