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Benefited by the efficient compression and localized representation of quantum states in its
wave function’s matrix product state (MPS) formulation, density matrix normalization group
(DMRG) and its time-dependent variant (TD-DMRG) have been established as one of the most
accurate methods in simulating the electronic structure and quantum dynamics of strongly
correlated molecules with a large number of quantum degrees of freedoms (active orbitals or
vibrational modes). However, the quantitative characterization of the quantum many-body
behaviors of realistic strongly correlated systems requires a further consideration of the interaction
between the embedded active subsystem and the remaining correlated environment (e.g. a huge
number of external orbitals in quantum chemistry, or the infinite number of phonon modes in the
condensed phase environment in quantum dynamics), which is intractable for DMRG and
TD-DMRG. Here, we introduce our recent efforts on developing new DMRG and TD-DMRG
approaches for accounting for these environmental effects: (1) Noticing that the DMRG wave
function is highly redundant in the determinant space for chemical molecules, we introduced a
stochastic approach to truncate and reconstruct the DMRG wave function. Further combined with
the idea of external contraction (ec) and multi-reference configuration interaction (MRCI), we
formulated a DMRG-ec-MRCI approach, which bypasses the bottleneck of computing high-order
reduced density matrices (RDMs) and can hence handle much larger active spaces than other
post-DMRG approaches. (2) We proposed a hierarchical mapping algorithm (HM) for TD-DMRG
which uses quantum information theory (QIT) to identify a small number of effective
environmental phonon modes couple to the system directly and performs block Lanczos
transformations on the remaining indirect modes to transform the Hamiltonian matrix to a nearly
block-tridiagonal form and eliminate the long-range interactions.
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