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Quantum dissipative dynamics approach to many-body open quantum
systems
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Open quantum systems have found widespread applications in physics, chemistry, and biology.
The dissipative couplings between these systems and their surrounding environments have a
profound impact on their dynamic and thermodynamic properties. However, an accurate and
universal description of open quantum systems is challenging, especially when dealing with
systems that experience fluctuations in particle number, non-Markovian memory effects, or strong
many-body correlations. To address these challenges, our research efforts over the past decade
have been focused on developing innovative theoretical methods. In this presentation, I will
discuss some of our recent progress, which include the development of the fermionic hierarchical
equations of motion (HEOM) and stochastic equation of motion (SEOM) methods [1-2]. These
methods have proven to be practical and useful tools, as demonstrated through simulations on
single molecular junctions that are precisely measured and controlled using scanning tunneling
microscopy [3-5]. Additionally, these methods have allowed us to unravel the intricate interplay
between low-energy spin excitations and Kondo correlations.
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Electron-nuclear correlation to the realtime time-dependent density functional
theory from mixed-quantum classical equations based on the exact
factorization
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Among various decoherence-based nonadiabatic molecular dynamics methods, those based on
exact factorization (XF) have proven useful. The mixed quantum classical (MQC) equations
derived from XF contain non-Hermitian electron-nuclear correlation terms, due to the complexity
of the original electron-nuclear coupling within XF. By introducing a density matrix representation
to the MQC equations, we found new Hermitian-type equations that guarantee equivalent time
evolution. The Hermiticity of the equations enables a stable correlated dynamics for the Shin-
Metiu model, using a straightforward Crank-Nicolson propagator. Furthermore, we deduced a
time-dependent Kohn-Sham (TDKS) analog from the XF-based density matrix representation.
Using this modified realtime time-dependent density functional theory (RT-TDDFT) approach, we
developed a novel nonadiabatic method named orbital-based surface hopping dynamics through
XF (OSHXF). The OSHXF method successfully described the dynamics of an excited ethylene
molecule, suggesting the potential for applying XF-based decoherence to more extended systems
within RT-TDDFT.
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