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Electrides are unique materials in which s-electrons confined at crystalline voids behave as anions.
Recently, quantum many-body effects have been observed in some inorganic electrides, and thus the
calculation of the physical properties with high accuracy is required for electrides. This doctoral thesis is
devoted to the quantum many-body analysis of inorganic electrides and to the development of quantum
algorithms for calculating quantum many-body systems with high accuracy, which is based on the effective
model approach from first principles.

In the first part of the thesis (Chapter 2 and Chapter 3), I analyzed the electron correlation of electrides as
a quantum many-body system. The electron correlation is quantitively evaluated from the calculation of the
effective model parameters, such as effective Coulomb interactions and transfer integrals, from first
principles. I found i) the strength of the electron correlation depends on the dimensionality of anionic
electrons, and ii) the 0D and 1D electrides can be new research targets as quantum many-body systems.

In the second part of the paper (Chapter 4 and Chapter 5), I developed a quantum algorithm for the
calculations of periodic quantum many-body systems with quantum computers, which are expected for
computations with high accuracy. The new quantum algorithm for the calculations of periodic quantum
many-body systems is based on the effective model construction. In the proposed algorithm, a restricted
Boltzmann machine which is one of the neural networks is implemented on a quantum circuit to generate a
complex-valued wavefunction that is essential for the calculation of a periodic system. I applied the
algorithm to a graphene band calculation and showed that the quantum algorithm can be used to calculate
the physical properties in the periodic quantum many-body systems with high accuracy of ~meV by using
the effective model approach. I also estimated the required number of qubits and gates for the execution of

the quantum algorithm for large-scale quantum many-body systems.
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