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Tridiagonal representation with pseudospin symmetry
for a noncentral electric dipole and a ring-shaped
anharmonic oscillator potential®
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Abstract

The concepts of pseudospin symmetry in atomic nuclei and spin symmetry in anti-nucleon are reviewed. The
exploration for understanding the origin of pseudospin symmetry and its breaking mechanism, and the empirical data
supporting the pseudospin symmetry are introduced. A noncentral anharmonic oscillatory potential model is proposed,
in which a noncentral electric dipole and a double ring-shaped component are included. The pseudospin symmetry for
this potential model is investigated by working on a complete square integrable basis that supports a tridiagonal matrix
representation of the Dirac wave operator. Then, solving the Dirac equation is translated into finding solutions of the
recursion relation for the expansion coefficients of the wavefunction. The angular/radial wavefunction is written in terms
of the Jacobi/Laguerre polynomials. The discrete spectrum of the bound states is obtained by diagonalization of the
radial recursion relation, and the property of energy equation is discussed for showing the exact pseudospin symmetry.
Several particular cases obtained by setting the parameters of the potential model to appropriate values are analyzed,
and the energy equations are reduced to that of the anharmonic oscillator and that of the ring-shaped non-spherical
harmonic oscillator, respectively. Finally, it is pointed out that the exact spin symmetry exists also in this potential

model.

Keywords: noncentral electric dipole, pseudospin symmetry, Dirac equation, tridiagonal representation
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