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a b s t r a c t

In this paper we study the relativistic quantum dynamics of a
massless fermion confined in a quantum ring. We use a model of
confining potential and introduce the interaction via Dirac oscilla-
tor coupling, which provides ring confinement for massless Dirac
fermions. The energy levels and corresponding eigenfunctions for
this model in graphene layer in the presence of Aharonov–Bohm
flux in the centre of the ring and the expression for persistent cur-
rent in this model are derived. We also investigate the model for
quantum ring in graphene layer in the presence of a disclination
and a magnetic flux. The energy spectrum and wave function are
obtained exactly for this case. We see that the persistent current
depends on parameters characterizing the topological defect.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

With the experimental obtaining of graphene [1], several interesting physical phenomena were
observed in this material, such as: anomalous Hall effect [2], Klein paradox [3–5], spin qubits [6],
Moiré potential [7], etc. Experiments involving the study of quantum dots in graphene in the presence
of magnetic field were performed [8,9], in which the energy spectrum in this system was observed.
Theoretical models of quasiparticles confined in quantum dots [10,11] and rings [12–14] in graphene
have been recently proposed. In amesoscopic electronic system, it is well known thatwhen one varies
the magnetic flux passing through the centre of device of a ring topology, a persistent current arises
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due to the Aharonov–Bohm effect [15]. This quantum coherence plays a central role in mesoscopic
physics. From the theoretical point of view the persistent current has been investigated recently
theoretically in Refs. [16–21] and experimentally in [22].

The Dirac oscillator [23] is introduced as the relativistic version of the harmonic oscillator due to
the fact that this coupling produces in the non-relativistic limit a harmonic oscillator with a strong
spin–orbit coupling. The Dirac oscillator coupling is introduced via the following replacement in
Dirac equation: p → p − iMωβ x⃗, where M is a mass of the particle, and ω is the frequency of the
oscillator. The Dirac oscillator has been investigated in several areas of physics: in the study of the
hidden supersymmetry by Benitez et al. [24]; within the analogy with the Jaynes–Cummings model
which was demonstrated by Rozmej and Arvieu [25]; in the presence of topological defects [26].
Additionally, Bermudez et al. [27] have studied the Ramsey interferometric effect in non-relativistic
limit of the Dirac oscillator. Recently, applications of Dirac oscillator have been carried out in graphene
by Quimbay and Strange [28], in studies of quantum dots by Belouad et al. [29] performed with
use of the confining models proposed in Refs. [30,31]. Thermal properties of the Dirac oscillator
have been investigated by Boumali and Hassanabadi [32]. Recently, the Dirac oscillator was observed
experimentally in microwave physics [33]. The quantum dot in graphene in the presence of a
topological defect was studied by Bueno et al. [34], and spectrum of energy and the current persistent
are obtained. In Ref. [34] the confinement potentialwas coupled inDirac equation in theway similar to
Dirac oscillator [23]. In Ref. [35], the Landau levels in a graphene layerwith the presence of disclination
was investigated.

In this paper we investigate the quantum ring in a graphene layer. We use the model of confining
potential proposed in Ref. [36], this model is a relativistic version of the Tan–Inkson model for the
confining potential in two-dimensional space [16]. We investigate, in low energy limit, the system
described by a massless Dirac equation, where a continuous description near Fermi K -points is
employed. We use the Dirac oscillator type coupling to confine harmonically the quasiparticles in
quantum ring pierced by Aharonov–Bohm flux in a graphene layer. We also study the influence of a
disclination in two-dimensional quantum ring of nanometric size in the presence of Aharonov–Bohm
quantum flux. From the Landau levels in graphene layer it is possible to obtain the magnitude of
magnetic length ℓb =

√
h̄/eB ≈ 50 nm. This fact demonstrates the relevance of studying the physical

influence of a disclination in this quantum ring, keeping in mind that the average size of one
topological defect of this kind is of the order of interatomic distances for the carbon atoms in this
structure. In both cases, we obtain the eigenvalues and eigenfunctions of energy and persistent
current. In the case of dynamics in the presence of defects, we demonstrate the dependence of these
physical quantities on the parameter characterizing the disclination, thus demonstrating the influence
of the defect in the dynamics in a quantum ring.

This paper is organized as follows: in Section 2, we present the confining model and the
corresponding coupling in Dirac equation. In Section 3, we analyse the quantum dynamics ofmassless
Dirac fermions in a quantum ring in graphene layer, and obtain the exact energy spectrum and
eigenfunctions for the model where a thin Aharonov–Bohm flux confined to the centre of the ring is
introduced, and the persistent current is obtained in this case. In Section 4, we obtain the eigenvalues
and eigenfunctions for quantum dynamics of massless Dirac fermions in a quantum ring in the
presence of a disclination, and study the influence of topological defect is investigated and the
persistent current, and finally, in Section 5 we present the concluding remarks.

2. The ring confinement model

In this section we present the potential used to confine the quasiparticle in a ring-like topology
in graphene layer. Recently in Ref. [36] the authors proposed an extension to relativistic case of
Tan–Inkson model [16], which has been constructed to model quantum rings within non-relativistic
dynamics of electrons and holes. In this relativistic model of confinement the authors [36] also
used two control parameters to obtain a harmonic confinement in a two-dimensional ring, and
the quantum point limits are obtained when we make one of the parameters to be zero, a1 = 0.
In this relativistic model the confining potential is introduced via coupling of the momentum of a
quasiparticle in a manner similar to Dirac oscillator [23]. In the non-relativistic limit, the Tan–Inkson
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