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Quantum Statistical Theory for Non-Hermitian Thermal Systems:
From Open Systems to Quantum Maxwell’s Demons
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Abstract: In general, about non-Hermitian systems, there are two features -- the dissipativity and the
controllability. People always focused on the earlier one ("dissipativity") but have never paid attention to
the other very important feature -- "controllability”. The connection between non-Hermitian systems and
Maxwell’s demons comes from the "controllability". Therefore, we concludes that "Non-Hermitian
many-body system = Quantum system controlled by Maxwell’s demons"! As a result, it is found that in
non-Hermitian systems at finite temperature, due to the post-selection measurements both Boltzmann
distribution law and its theoretical basis - Equal Probability principle - are broken down. Then, we devel-
oped a quantum Liouvillian statistical theory - the generalization of usual quantum statistical theory to
non-Hermitian systems at finite temperature. With the help of the quantum Liouvillian statistical theory
and the thought of Maxwell’s demons, we explored a lot of exotic physical phenomena compared with their
Hermitian counterparts in many-body Bosonic/Fermionic system with nonreciprocal hoppings, i.e., Liou-
villian Bose-Einstein condensation and Liouvillian Fermi-surface in real space.
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