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In this study, based on the objective of investigating the influence of
Casimir forces originating from the structure of vacuum in quantum many-body systems and proposing
methods for their utilization, various topics were explored. These include analysis of vacuum
structure in many-body systems, effects of phase transitions on Casimir effects, analysis of
thermodynamic work extractable during parameter modulation, and methods for estimating deviations
from vacuum states with and without quantum many-body correlations in the presence of noise. As a
result, insights into the stability of non-uniform condensates in systems subjected to magnetic
fields, peculiar behavior of Casimir forces due to phase transitions induced by magnetic fields,
generation of work due to periodic modulation of parameters, and instability of vacuum states in
spin-1 bosonic systems have been revealed.
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