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Abstract

A new method for fast evaluation of high dimensional integrals arising in quantum

mechanics is proposed. The method is based on sparse approximation of a high dimen-

sional function followed by a low-rank compression. In the first step, we interpret the

high dimensional integrand as a tensor in a suitable tensor product space and determine

its entries by a compressed sensing based algorithm using only a few function evalua-

tions. Secondly, we implement a rank reduction strategy to compress this tensor in a

suitable low-rank tensor format using standard tensor compression tools. This allows

representing a high dimensional integrand function as a small sum of products of low

dimensional functions. Finally, a low dimensional Gauss-Hermite quadrature rule is

used to integrate this low-rank representation, thus alleviating the curse of dimensional-

ity. Numerical tests on synthetic functions, as well as on energy correction integrals for

water and formaldehyde molecules demonstrate the efficiency of this method using very

few function evaluations as compared to other integration strategies.
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1. Introduction

Electronic structure calculations have been developed as a powerful tool that is used

in several fields including chemical sciences and biochemistry, as well as material and

energy sciences. In ab initio electronic structure calculations, for instance, computation
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