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Probing Resonances of the Dirac Equation with Complex Momentum Representation
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Resonance plays critical roles in the formation of many physical phenomena, and several methods have
been developed for the exploration of resonance. In this work, we propose a new scheme for resonance by
solving the Dirac equation in the complex momentum representation, in which the resonant states are
exposed clearly in the complex momentum plane and the resonance parameters can be determined precisely
without imposing unphysical parameters. Combined with the relativistic mean-field theory, this method is
applied to probe the resonances in >°Sn with the energies, widths, and wave functions being obtained.
Compared to other methods, this method is not only very effective for narrow resonances, but also can be
reliably applied to broad resonances.
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Role of quadrupole deformation and continuum effects in the ‘““island of inversion’ nuclei
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Background: The peculiar properties of nuclei in the so-called “island of inversion” around Z = 10 and N = 20
are the focus of current nuclear physics research. Recent studies showed that **F has a negative-parity ground
state and thus lies within the southern shore of the island of inversion, and *F presents a halo structure in
its ground state, but it is unclear which effects, such as deformation, shell evolution due to tensor forces, or
couplings to the continuum, lead to this situation.

Purpose: We investigate the role of quadrupole deformation and continuum effects on the single-particle
structure of »2%3'F from a relativistic mean-field approach and show how both phenomena can lead to a
negative-parity ground state in **F and halo structures in *-'F.

Methods: We solve the Dirac equation in the complex-momentum (Berggren) representation for a potential
with quadrupole deformation at the first order obtained from relativistic mean-field calculations using the NL3
interaction and calculate the continuum level densities using the Green’s function method.
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Research on exotic nuclei in deformed relativistic mean-field theory
plus BCS in complex momentum representation

Yu-Xuan Luo, Quan Liu " and Jian-You Guo®?
School of Physics and Optoelectronic Engineering, Anhui University, Hefei 230601, China
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Study of exotic nuclei is one of the important frontiers in nuclear physics. The coupling of weakly bound
states and resonant states, deformation, and pairings play important roles at the formation of exotic phenomena.
To deal with these uniformly, we develop the deformed relativistic mean field theory in complex momentum
representations with BCS pairings. **Mg is chosen as an illustration example. The calculated binding energy
indicates that **Mg is a weakly bound nucleus. There are several broad resonant states with low orbital angular
momentum near the Fermi surface, and the occupation of these levels is responsible for the halo structure in “Mg.
The available density distributions suggest that **Mg is a deformed halo nucleus with prolate core and oblate
halo, which agree with the deformed relativistic Hartree-Bogoliubov in continuum calculations. In particular,
the role of resonances is clearly demonstrated in the halo formation, which is helpful to understand the physical
mechanism of deformed exotic nuclei.
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