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Abstract of Thesis

In this study, I investigated the potential of the Jaynes-Cummings-Hubbard (JCH) model in trapped ions for quantum
information processing and quantum computation. The focus of the study was on polariton states in the JCH system and the
scalability of the system in trapped ion quantum computation.

A polariton state in the JCH system is a superposition of internal and motional excitations in the trapped ion system and can
be controlled through individual addressing of the ions and the application of detuning. I explored the potential of polariton
states for quantum information processing and quantum computation, including the phenomenon of polariton blockade.

As an approach to investigate the JCH model and polaritonic systems, focusing especially on their measurability,
controllability and scalability, studies have been performed from different aspects, which include the followings: an efficient
method for acquiring comprehensive information on the system; an approach to realize a high controllability leading to precise
studies on large systems; a concrete study on a system with a certain scale that is available.

In view of exploring the measurability of the system under investigation, quantum phase crossovers of the JCH model with
two trapped ions are investigated, where a new scheme on conditional measurement is introduced and demonstrated to
efficiently evaluate the combined system with internal and motional degrees of freedom in trapped ions.

In addition, individual control of ions with optical beams by changing their frequencies is explored to exert fine control over
them. The method can be applied to investigate such aspects as the number-dependent behaviors of the system around quantum
phase transitions.

Finally, as a step toward exploring many-body effects in systems beyond classically simulable scales, JCH systems with
four and ten ions are investigated. It is confirmed that the signatures of many-body effects appear in the measurement of
collective-mode populations after adiabatic passages, which allow further studies.

This study highlights the potential of the JCH system in trapped ions for future quantum information processing and
quantum computation applications. The ability to achieve polariton blockade through individual addressing of the ions and the
scalability of the system are promising developments that could pave the way for advances in quantum information processing

and quantum computation.
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