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Abstract
The properties of all materials arise from the quantum mechanics of their constituent 
electrons under the influence of the field of the nuclei. The solution of the underlying 
many-electron Schrödinger equation is a non-polynomial hard problem, owing to 
the interplay of the electron-electron repulsion and the Pauli exclusion principle. The 
dominant computational method for describing materials has been density func-
tional theory, although this approach involves uncontrolled approximations. Methods 
based on an explicit ansatz for the many-electron wavefunctions are potentially more 
accurate and systematically improvable, but they have not been extensively applied 
to the solid state because of their computational complexity, which ranges from 
exponential to high-order polynomial in the number of electrons.

This talk will discuss recent breakthroughs in this field covering quantum chemistry 
methods as well as Green’s function based many body perturbation theory. Results 
for the hierarchy of quantum-chemical techniques ranging from simple perturbational 
methods, such as Moeller Plesset theory, over coupled cluster techniques, up to 
configuration interaction quantum Monte Carlo are presented for a variety of solids. 
As for molecular systems, coupled cluster methods are found to be very accurate for 
weakly correlated systems, however, the steep increase of the computational cost 
makes predictions for real materials still very timeconsuming. Simpler methods that 
recover the important ingredients of the many electron solution, such as the ran-
dom phase approximation to the correlation energy, as well as improvements to this 
method are discussed alongside illustrative examples for important materials. The 
talk will finish with an outlook on the challenges lying on the road towards validated 
first principles predictions.
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The Moscowitz Memorial Lectureship in Chemistry was established by friends and colleagues of Profes-
sor Albert J. Moscowitz (1929-1996) to honor his many contributions to molecular spectroscopy. He was 
known for his research on the interpretation of optical rotation and circular dichroism spectra in terms of 
the structures of chiral molecules. In collaboration with colleagues in the medical sciences, he developed 
important applications of his methods to biomedical systems. Throughout his career, Moscowitz held 
numerous visiting professorships at other universities, and served on the editorial boards of the leading 
journals in chemical physics. His work was honored by election as Foreign Member of the Danish Royal 
Academy of Sciences and Letters, and as a Fellow of the American Physical Society.
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