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Abstract: | will present recent developments in tensor network techniques, covering optimised contraction
protocols for quantum circuit emulation, hybrid architectures, and non-Markovian simulations of waveguide QED
systems, revealing time-delay-induced correlations, structured photon emission, and entanglement generation
among multiple emitters.

Tensor network methods have emerged as powerful tools for tackling complex problems in quantum science
and technology. In this talk, | will discuss recent developments in tensor network techniques. First, | will present
the integration of optimised dynamical contraction protocols into tensor network algorithms for emulating
guantum circuits, highlighting substantial improvements in computational efficiency and accuracy [1], as well as
the potential of hybrid tensor network architectures [2]. Second, | will describe techniques for simulating
guantum optical systems in the non-Markovian regime, focusing on waveguide quantum electrodynamics
systems with multiple emitters. | will present results that show a rich interplay between time-delay-induced
correlations, structured photon emission, and entanglement generation [3, 4].
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Fig. 1 (a) Reproduced from [1]: scheme of dynamical contraction protocol for quantum circuit emulations via tensor
networks; (b) Reproduced from [3]: real-time dynamics of waveguide QED systems with two-level emitters.
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