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In this project, we developed the general framework to analyze the parameter

estimation problem when a quantum system of interest interacts with unknown environment. As the
main result, we established the quantum estimation theory for quantum statistical models containing
nuisance parameters. We extended the theory of optimal design of experiments to the more general
setting such as quantum state and channel estimation problem. The proposed method were applied to
find an optimal estimation strategy for quantum estimation problems in the presence of nuisance
parameters. We characterized quantum statistical models based on the properties of tangent spaces.
Our method aimed at unifying different choices of operator monotone metrics on the quantum state
manifold in quantum information geometry. We applied our proposal to several examples in physical
systems to illustrate effectiveness of our approach.
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