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a b s t r a c t

We study a relativistic quantumparticle in cosmic string spacetime
in the presence of a magnetic field and a Coulomb-type scalar
potential. It is shown that the radial part of this problem possesses
the su(1, 1) symmetry. We obtain the energy spectrum and
eigenfunctions of this problembyusing two algebraicmethods: the
Schrödinger factorization and the tilting transformation. Finally,
we give the explicit form of the relativistic coherent states for this
problem.
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1. Introduction

The cosmic strings, which are hypothetical 1-dimensional topological defects were introduced
in the 1970s [1]. In the 1980s and the early 90s a strong interest arose in connection with cosmic
strings [2]. This interest is due to the bridge that these cosmic strings provide between the physics of
the very small and the very large. It is known from the literature [3,4] that cosmic strings are predicted
in some unified theories of particle interactions and could have formed in one of the numerous phase
transitions in the early universe due to the Kibble mechanism. These cosmic strings could also be
responsible for the large-scale structure of the universe.
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The study of quantum systems under the influence of the gravitational field has been of great
interest in particle physics. A problem that has been extensively studied is the appearance of
topological phases in the quantum dynamics of a single particle moving freely in multiple connected
space-times. As an example of a gravitational effect of topological origin we can consider the
analogue of the electromagnetic Aharonov–Bohm effect [5,6]. This effect is provided when a particle
is transported around an idealized cosmic string [7–10] along a closed curve in which case the string
is noticed at all. The influence of the Aharonov–Casher effect [11] on the Dirac oscillator has been
recently studied in the Minkowski spacetime, the cosmic string spacetime and the cosmic dislocation
spacetime [12]. The Aharonov–Casher geometric phase in the presence of topological defects as the
cosmic string spacetime and the cosmic dislocation spacetime is studied in Refs. [13,14]. Recently,
the relativistic quantum motion of charged particles in the presence of a magnetic field and scalar
potentials in the cosmic string spacetime has been studied [15,16]. More specifically, in Ref. [15] the
authors considered the cases of relativistic spin-0 and spin- 12 particles, where the energy spectrum
and eigenfunctions are found in an analytical way. In this reference the vector potential is defined
proportional to the square of the polar distance to the string. In Ref. [16], the author defined a
different vector potential proportional to the polar distance to the string and used this to solve this
problem in an algebraicwaybyusing the Schrödinger factorizationmethod and the unitary irreducible
representation theory of the SU(1, 1) group theory.

The factorization method introduced by Infeld and Hull [17,18] has been of great importance in
the study of quantum systems. In their work, Infeld and Hull gave a systematic method to factorize
and classify a large class of potentials. However, Dirac [19] and Schrödinger [20–22] established the
fundamental ideas of factorization in quantumphysics. The importance of these factorizationmethods
lies in the fact that if the Schrödinger equation is factorizable, the energy spectrum and eigenfunctions
are obtained in an algebraic way.Moreover, the operators constructed from thesemethods are related
to compact and non-compact Lie algebras.

Besides, the existence of a symmetry group has been used to compute the coherent states of many
physical problems [23–27]. The harmonic oscillator coherent states were introduced by Schrödinger
while he was looking for a system which possessed a classical behavior [28]. The importance of
coherent states in quantum optics was studied in Refs. [29–32] and the generalization of these states
to any algebra of a symmetry group is reported in Refs. [33–35].

The aim of the presentwork is to study a relativistic quantumparticle in cosmic string spacetime in
the presence of a magnetic field and scalar potential in an algebraic way. In order to obtain the energy
spectrum and the eigenfunctions of this problem we use the theory of unitary representations and
two algebraic methods: The Schrödinger factorization method and the tilting transformation. From
the SU(1, 1) group theory we construct the relativistic coherent states for the radial part.

This work is organized as follows. In Section 2 we obtain the uncoupled second-order differential
equations satisfied by the radial components. In Section 3, we apply the Schrödinger factorization
method to one of the uncoupled equations to obtain the energy spectrum and the eigenfunctions of
our problem. In Section 4, the energy spectrumand the eigenfunctions are obtained by using the tilting
transformation and a realization of the su(1, 1) Lie algebra which is energy-independent. In Section 5
we obtain the explicit expression of SU(1, 1) Perelomov coherent states for a relativistic quantum
particle in cosmic string spacetime in the presence of a magnetic field and scalar potential. Finally, we
give some concluding remarks.

2. The Dirac equation for the cosmic string spacetime

Themetric tensor for the cosmic string spacetime has been used in several problems as can be seen
in Refs. [36–43]. In cylindrical coordinates this metric tensor is defined by the line element

ds2 = dt2 − dr2 − ρ2r2dφ2
− dz2, (1)

where the coordinates (t, z) ∈ (−∞, ∞), r ≥ 0, the angular variable φ ∈ [0, 2π ] and ρ = 1 − 4µ
is related to the deficit angle, with µ the linear mass density. Let us consider a magnetic field parallel
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