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The Bohr Hamiltonian [1,2] is solved for the critical point of the shape phase transition
from the spherical vibrator to the prolate rotor, using a general sextic potential [3, 4].
The parameters defining the potential are constrained such that its form to manifest
two degenerated minima, a spherical and a deformed one, separated by a maximum
(a barrier), which coincides with the energy surface predicted for this critical point
by the Interacting Boson Model [5] using coherent state functions [6, 7]. Even if a
large number of solutions were proposed since the critical point model called X(5) [8]
was introduced, trying different potentials for this critical point [9, 10], none of these
solutions took into account the barrier separating the two minima. From this point of
view, this study presents a special interest for the field. The eigenvalue problem is
solved by diagonalizing the Hamiltonian in a basis of Bessel functions of first kind,
which in turn are obtained by solving the same problem but for an infinite square
well. Both energies and wave functions depend on a single free parameter defining
the height of the barrier. By analyzing the density distribution probability for the
states of the ground band and of the first β band, one can understand how the shape
of the nucleus is changing as the barrier is introduced and increased step by step.
Doing so, new interesting results were obtained for the structure of the states in this
critical point, as shape mixing and coexistence, properties which were not visible in
the absence of the barrier.
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