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The development of simulation methods for following the quantum dynamics of many-body systems remains at the
forefront of chemical and condensed matter physics research.  Over the last several years, various approximate and
practical methodologies have been developed for simulating the quantum dynamics of fluids. These methods have
been applied to calculate time correlation functions in fluids that exhibit moderate to very large quantum mechanical
effects. Liquid para-hydrogen has served as a convenient but challenging benchmark for these approximate
methods. Interestingly, all the dynamical approximations mentioned above have reported diffusion constants in
good agreement with one another and with the experimental values, even though the corresponding time correlation
functions show significant differences. The lack of numerically exact results for the velocity autocorrelation
function of this system is thus disturbing.

We present a simple and efficient method for calculating symmetrized time correlation functions of neat quantum
fluids. Using the idea of the cluster expansion approach to complex-time quantum mechanical propagator,
symmetrized correlation functions are written in terms of a double integral for each degree of freedom with a purely
positive integrand. The method is tested extensively on liquid para-hydrogen and used to obtain accurate quantum
mechanical results for the initial segment of the symmetrized velocity autocorrelation function of this system, as
well as the incoherent dynamic structure factor at certain values of momentum transfer values. So far, we have
extended this methodology to include up to three-body terms and significant improvement is achieved. A detailed
comparison with other calculations and experimental results are also made in this project.




