UNIVERSITAT Theorie-Kolloquium SS 2022

Fr 20.05.2022, 14:00-15:30
MC 351 & online (URL in E-Mail)

!EI [=]
(=]

udue.de/TheoKoll

DEUS | SSEBNU RG

Offen im Denken

New Density Matrix Renormalization Group-
based Methods for Molecular Simulations

Dr. Alberto Baiardi
ETH Ziirich

9 ‘ \"\g“\
— S, «T’ A ““ “ :
\ J— Aem ™!
S

'@
(00)

The full configuration interaction (full Cl) is the primary method for simulating exactly molecular
processes. However, its high computational cost, which grows exponentially with the system size,
renders molecular simulations extremely impractical, if not for very small molecules. This pro-
hibitive scaling can be tamed with tensor-based compression schemes, such as the density matrix
renormalization group (DMRG).! Although DMRG has been mostly applied to electronic problems,
in this talk we will describe how it can be applied to three new classes of molecular simulations.?
We will first introduce DMRG-based algorithms for simulating vibrations spectra both within2-5 and
beyonds.7 the Born-Oppenheimer approximation. Then, we will exploit the DMRG to solve exactly
the time-dependent Schrédinger equation and simulate non-equilibrium phenomena in complex
molecular systems.89 Finally, we will introduce an explicitly-correlated DMRG variant that relies on
the transcorrelated approach.10.11

In the last part of the talk, we will introduce a quantum computing method to solve the vibrational
full Cl problem on noisy intermediate-scale quantum computers'2 and identify the hardware re-
quirement to observe a quantum advantage over DMRG-based methods.
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