Quantum computing algorithm for shell model states
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The shell model stands as the backbone of nuclear physics, successfully explaining most nuclear
phenomena. However, its practical applicability is often constrained by the dimensional limita-
tions of its Hamiltonian, even with high-performance classical computers. Quantum computing
presents a promising pathway to overcome these limitations. With this in mind, we simulate a
quantum algorithm tailored for a simple shell model problem within a single-j orbital, utlizing the
hybrid approach of encoding anstaz-driven quantum circuits with the variational quantum eigen-
solver framework [1]. The two-body interaction matrix elements are transformed into m-scheme
and subsequently mapped onto a qubit-based representation. The simulation further attempts to
calculate the transition overlaps between the low-lying states for a two-particle system, with a
focus on configurations up to seniority 2. These preliminary results mark a step toward leveraging
the quantum algorithms for the study of nuclear isomeric states, particularly the seniority isomers
[2]. Early findings will be presented to illustrate the method’s potential.
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