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Fig. 2 Graphical representation of an MPO
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Fig.4 Charge density evolution of hole in the donor part and electron in the acceptor part with

different o values™"

«a is the electron-phonon coupling strength. Copyright 2016, American Chemical Society.
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Fig.5 Calculated absorption and fluorescence spectra of PBI dimer at 298 K from finite
temperature TD-DMRG"™
Copyright 2018, American Chemical Society.
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In both panels the electron-phonon coupling parameters are adopted from the first-principle calculation of

) of the charge carrier from weak to strong electronic coupling calculated by

rubrene crystal. Copyright 2020, American Chemical Society.
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Abstract Density matrix renormalization group (DMRG) is well known as a powerful method to study low-
dimensional highly-correlated systems and has been widely used for electronic structure calculation in quan-
tum chemistry. In recent years, the theory of time dependent DMRG (TD-DMRG) has developed rapidly and
TD-DMRG has gradually emerged as one of the most important methods of quantum dynamics simulation for
complex systems. This review briefly sketches the basic theory of DMRG in the language of matrix product
states(MPS) and matrix product operators(MPO) , and discusses several most common TD-DMRG time evolu-
tion algorithms at length, including the propagation and compression (P&C) algorithm, algorithms based on
time dependent variational principle (TDVP) , and the time step targeting (TST) algorithm. This review also
introduces the purification algorithm and minimally entangled typical thermal states (METTS) algorithm that
enable TD-DMRG to study the finite temperature effect and summarizes the recent applications of TD-DMRG
in quantum dynamics of complex systems.
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