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Abstract

Algebraic study of the quasi exactly solvable quantum models

Marzieh Baradaran

In this thesis, quasi exactly solvable (QES) quantum models are studied by using algebraic
methods and based on the hidden dynamical symmetry of them. In these models, the potential
and the Hamiltonian operator depend on a certain parameter which is cause to determine the
part of the spectrum. For this, the finite block of the matrix of Hamiltonian is expressed as an
algebraic quadratic differential operator in terms of the generators of a Lie algebra or a Lie
superalgebra with the finite representation space. The quasi exact solvability beyond the sl(2)
dynamical symmetry is studied and via imposing an appropriate gauge transformation and
change of variable, the general form of QES potentials and the gauge function are determined
by considering the quadratic differential equation and Schrodinger equation to be equivalent.
A new approach in extending the QES theory named prepotential approach is presented based
on the concept of supersymmetry and also quasi exact solvability of the Dirac and Klein-
Gordon equations are presented based on sl(2) Lie algebra. Finally, the quasi exact solvability
of two component quantum systems which their Hamiltonian operator can be represented as
2x2 matrix are studied based on osp(2,2) and osp(2,1) Lie superalgebras. The Hamiltonian
operator in these models are rewrited in terms of the generators of Lie superalgebra and then
by writing eigenvalue problem, recursion relations are obtained which can be expressed in the
matrix representation whose the roots of determinant provide the part of the spectrum for
certain values of parameter.

Key words:

Quasi exactly solvable, Hidden dynamical symmetry, sl(2) Lie algebra,
Prepotential approach, osp(2,2) Lie superalgebra, osp(2,1) Lie superalgebra
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! Exactly Solvable

% Harmonic oscillator

® Hydrogen atom

* Razavy

® Singh-Rampal-Biawas-Datta
® Quasi Exactly Solvable

" Turbiner

® Ushveridze
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! Hidden Lie algebra

2 Harmonic oscillator plus centrifugal barrier
¥ Morse potential

* Poschl-Teller potential

® Representation space

® Conformal field theories

” Dynamical symmetry
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! Invariant subspace
2 Eigenvalue problem
® Recursion relations
* Zaslavskii

> Ulyanov

® Supersymmetric

" Lie superalgebra
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! Shifman

2 Olver-Kamran- Gonzalez Lopez
¥ External oscillator

* Klein-Gordon

® Dirac equation

® An attractive/repulsive Coulomb field
" Homogeneous magnetic field

® Prepotential approach

% Supersymmetry

10 HO

1 Cooper

2 Morozov
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! Group theory

2 Differential geometry

® Factorization

* Scalar potential

® Generalizad Coulomb potential
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! Cauchy

% Gauss

® Abel

* Hamilton



