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Quantum models whose energy levels and corresponding wave functions can be determined algebraically
are known as Exactly Solvable Models, otherwise they are referred as Exactly Non-Solvable Models.
There is also an intermediate class of models between these two cases, called Quasi-Exactly Solvable
Models (QESM) [1]. According to Ref. [1], ”QESM implies the situation where the infinite-dimensional
Hamiltonian matrix can be reduced explicitly to a block-diagonal form with one of the block being fi-
nite. In this case the infinite dimensional matrix version of the Schrödinger problem breaks up into
two completely independent spectral problems, one which is finite dimensional and can be solved al-
gebraically, while the other one is infinite dimensional and nothing about its solutions is known”. An
example of QESM, which will be discussed here, is the solution of the Schrödinger equation for a sex-
tic oscillator potential with a centrifugal barrier [1]. As applications, one chose the quadrupole nuclear
collective motion comprised of surface vibrations and rotations described by the Bohr model [2,3]. The
radial-like part of the Bohr Hamiltonian, for different axial deformations, can be easily brought to a
Schrödinger form [4,5] and therefore to the quasi-exactly solvable equation for the sextic oscillator po-
tential [6,7,8,9,10,11]. Due to its special properties, the sextic potential can simulate either a spherical
minimum or a deformed one, simultaneous spherical and deformed minima or a flat shape. All these
features recommend it as being very suitable for the description of nuclear shape phase transitions.
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