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Abstract We discuss the behavior of external fields
interacting with a Dirac neutral particle with a per-
manent electric dipole moment in order to achieve
relativistic bound state solutions in a noninertial frame
and in the presence of a topological defect spacetime.
We show that the noninertial effects of the Fermi—
Walker reference frame induce a radial magnetic field
even in the absence of magnetic charges, which is
influenced by the topology of the cosmic string space-
time. We then discuss the conditions that the induced
fields must satisfy to yield the relativistic bound states
corresponding to the Landau-He-McKellar—Wilkens
quantization in the cosmic string spacetime. Finally, we
obtain the Dirac spinors for positive-energy solutions
and the Gordon decomposition of the Dirac probability
current.

Keywords Dirac equation - Permanent electric dipole
moment - Noninertial effects - Fermi—Walker
reference frame - Landau-He-McKellar—Wilkens
quantization - Topological defects - Relativistic bound
state solutions - Cosmic string spacetime

1 Introduction
In recent decades, the Landau quantization [1] has been

investigated in studies of Bose-Einstein condensates [2],
the quantum Hall effect [3], linear topological defects
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[4, 5] and neutral particles [6, 7]. The Landau quan-
tization describes the interaction between a charged
quantum particle and a uniform magnetic field; the
resulting discrete spectrum of energies corresponds to
the quantization of a charged particle in cyclotron or-
bits. The Landau quantization was also investigated in
relativistic systems by Rabi [8], Berestetskii et al. [9],
Jackiw [10] and Balatsky et al. [11]. The interest in the
relativistic Landau quantization has motivated discus-
sions on spin-nematic states [12], the finite-temperature
problem [13] and the quantum Hall effect [14]. More
recently, the relativistic Landau quantization has been
extended to condensed-matter systems described by
the Dirac equation [15], and to neutral particles [16].
Following these studies of relativistic quantum systems,
the relativistic Landau quantization for neutral parti-
cles has also been investigated in a noninertial refer-
ence frame [17] and in the Lorentz symmetry-violation
background [18].

The objective of this work is to obtain bound state
solutions for the Dirac equation by discussing the be-
haviour of external fields that interact with a Dirac neu-
tral particle with a permanent electric dipole moment
in a particular noninertial frame and in the presence
of a topological defect spacetime. Studies of noniner-
tial effects on quantum systems are well documented.
The most widely known noninertial effects on quantum
systems are the Sagnac effect [19, 20] and the Mash-
hoon effect [21], related to geometric phases, which
arise in interferometric experiments. Other studies of
noninertial effects and geometric phases have obtained
the Berry phase [22-24], the influence of gravitational
effects on quantum interferometry [25] and an ana-
logue of the Aharonov-Casher effect [26]. Related
to bound state solutions, the Page and Werner et al.
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coupling [27-29] is an interesting quantum effect due
to noninertial effects. Additional work on noninertial
effects on quantum systems includes studies of scalar
fields [30, 31], Dirac fields [32, 33], Lorentz transfor-
mations [34], the weak-field approximation [35], the
confinement of a neutral particle to a two-dimensional
quantum dot [36], the Landau-He-McKellar-Wilkens
quantization [37] and the Landau-Aharonov—Casher
quantization [38].

Here, without invoking magnetic charges, we show
that the noninertial effects of the Fermi—Walker ref-
erence frame induce a radial magnetic field, which
depends on the topology of the cosmic string spacetime.
In addition, we discuss the conditions that the induced
fields must satisfy to yield relativistic bound states cor-
responding to the relativistic Landau-He-McKellar—
Wilkens quantization [16] in the cosmic string space-
time. Finally, we obtain the Dirac spinors for positive-
energy solutions and the Gordon decomposition of the
Dirac probability current.

The paper is structured as follows: in Section 2, we
discuss the behaviour of the Dirac spinors and external
fields in a noninertial frame in the cosmic string space-
time; in Section 3, we find the conditions that must be
satisfied by the induced fields to yield the relativistic
bound states; in Section 4, we obtain the Dirac spinors
for positive-energy solutions and the Gordon decompo-
sition of the Dirac probability current; and in Section 5,
we present our conclusions.

2 Spinors and External Fields in a Noninertial Frame
and in the Cosmic String Spacetime

We start out by introducing the cosmic string space-
time background and building the noninertial refer-
ence frame in which we will obtain a radial magnetic
field even without magnetic charges. The cosmic string
is a topological defect [39-43] whose appearance is
considered to be due to a symmetry breaking related
to phase transitions in the early universe [40]. With
the mathematical tools of general relativity, we can
describe the cosmic string spacetime by a line element
of the following form (% = ¢ = 1 in our units):

ds> = —di* + dp? + 1 5%d§” + dZ2, @)

where the parameter 7, related to the deficit angle, is
defined as n = 1 — 4w G/c?, with o being the linear
mass density of the cosmic string. In the cosmic string
spacetime, the parameter related to the deficit angle
can only assume values in which 0 < n < I, and the
azimuthal angle varies in the interval 0 < ¢ < 2m. It
is worth mentioning another context involving topo-
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logical defects and the spatial part of the line element
of the cosmic string spacetime. In solid-state physics,
the spatial part of line element of the cosmic string,
called disclination, can be obtained from the Katanaev—
Volovich approach [39], which uses geometric models
equivalent to those of general relativity to describe
such linear topological defects in crystalline solids as
dislocations, disclinations and dispirations [44]. How-
ever, we need to take into account that the values of
the parameter 5 in crystalline solids can differ from
that of the line element of the cosmic string spacetime.
In crystalline solids, the parameter n can assume both
values 0 <n <1 and n > 1. All values where n > 1
corresponding to an anti-cone with negative curvature
[39, 42, 44]. Returning to the geometry described by the
line element (1), we have a non-null curvature given by
the following curvature tensor:

d—mn

RO = 5, @)
where §,(7) is the two-dimensional delta function. The
spacetime curvature given by (2) is concentrated on
the symmetry axis of the cosmic string, all other space-
time positions having null curvature. This configuration
defines a conical singularity [43].

To study noninertial effects on a Dirac neutral parti-
cle interacting with external fields, let us make the sim-
ple coordinate transformationf=¢, p=p, ¢ =¢+
ot and Z = z, where the parameter w corresponds to
the constant angular velocity of the rotating frame.
With this transformation, the line element (1) of the
cosmic string spacetime becomes

ds* = — (1 — w’np?) d* + 2wn’p*de dt + dp*
+n’pldy® + dz’. (©)

This line element is defined for radial coordinates in the
range

1
0<p <—. 4)
nw

The line element in (3) is not well defined for p >
1/wn, since radial coordinates satisfying this inequality
would place the particle outside the light-cone, that is
would call for speeds greater than the velocity of light
[45]. The range in (4) constrains the wave function of
the Dirac particle: the wave function ¥ (x) must vanish
as p — 1/wn.

Henceforth, to obtain a relativistic analogue of Lan-
dau quantization, we will focus on the behaviour of
the external fields that interact with a Dirac neutral
particle with a permanent electric dipole moment. To
this end, let us build a noninertial reference frame for
the observers where we can define the Dirac spinors
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locally, as prescribed by the spinor theory in curved
space [46]. We have seen that the line element (1) and
consequently the line element (3) have a non-null cur-
vature concentrated on the symmetry axis of the cosmic
string. In a curved spacetime background, spinors must
be defined locally in such a way that each spinor trans-
forms according to infinitesimal Lorentz transforma-
tions ¥’ (x) = D (A (x)) ¥ (x), where D (A (x)) corre-
sponds to the spinor representation of the infinitesimal
Lorentz group and A (x) corresponds to the local
Lorentz transformations [46]. A local reference frame
can be built by means of a non-coordinate basis 6% =
e’ (x) dx" whose components e“,, (x) are called tetrads
and satisfy the relation g, (x) = ¢, (x) ebv (x) nap [46,
47]. The Greek indices denote the coordinates of
the cosmic string spacetime, while the Latin indices
denote the local reference frame of the observers.
The tensor n,, = diag(— + ++) is the Minkowski ten-
sor. The tetrads e, (x) have an inverse defined as

dxt* = e, (x) 69, where the tetrads and the inverse
of the tetrads are related via e, (x) e" , (X) =489 and
ey (x) €, (x) = §*. From these definitions of the local
reference frames, the external fields in a background
having a non-null curvature and noninertial effects are
defined as [48-50]

F' (x) = e, (x) € (x) F* (x), (5)

where F’ (x) corresponds to the electromagnetic ten-
sor defined in the rest frame of the observers. The
components to the F (x) tensor are defined by F¥ =
—Efand F/ = —¢Uk By.

Let us construct a local reference frame for the
observers defined at each instant in the rest frame of
the observers, with no rotation of the spatial axis:

6° =dr, 6' =dp, 0> =nwpdt+npde, 6° =dz. (6)

The definition 6° = ¢°, (x) d¢ ensuring that the local
reference frame (0) is the observer’s rest frame at each
instant. Note that there is no rotation of the spatial
components of the non-coordinate basis g i=1,2,3),
which corresponds to a Fermi—-Walker reference frame
[51]. The most important characteristic of the Fermi—
Walker reference frame is that we can observe non-
inertial effects due to the action of external forces
without any effects from arbitrary rotations of the local
spatial axis of the reference frame of the observers. Our
interest is that the noninertial effects in this nonrotating
frame can induce external fields without torques or
external forces on the electric dipole moment of
the Dirac neutral particle. As an example, consider

a uniform electric Erf = E( Z in the rest frame of the
observers, that is E* = Eq. From (5) and (6), the field
configuration in the noninertial frame and in the cosmic
string background is [37]
E*=E); B’=-wnEp. (7
The relativistic Landau—-He-McKellar—-Wilkens
quantization was proposed in ref. [16] by applying
the duality transformation on the relativistic Landau—
Aharonov—Casher setup. In this way, the conditions
that the field configuration must satisfy in order
to achieve the relativistic Landau quantization in
the He-McKellar-Wilkens setup [52, 53] are the
electrostatic conditions, the absence of torque on the
electric dipole moment and the presence of a uniform
effective magnetic field perpendicular to the plane
on which the neutral particle moves. From the field
configuration induced by the noninertial effects of
the Fermi—-Walker reference frame (7), we can see
that both electrostatic conditions and the absence of
torque on the electric dipole moment are satisfied.
Before defining the effective magnetic field, we note
that to describe the quantum dynamics of a neutral
particle with a permanent electric dipole moment,
it is convenient to start from the relativistic Dirac
theory and add a non-minimal coupling into the
Dirac equation (in Minkowski spacetime) given by
iy" 3, — iy"d, +i T y> F,, (x) [54-56]. From the
introduction of this non-minimal coupling, Anandan
[54, 55] showed that there exists an effective gauge
potential

ff _ (7.0 1o PR
A _(d.E,de), (8)
where the vector d = d& (here, the 6 = (o', 0%, 07)
are the Pauli matrices) corresponds to the permanent

electric dipole moment of the neutral particle. In this
way, the effective magnetic field is defined in the form

éeffZ%XAeffZ%XI:ﬁXE:I, (9)

with 7 being a unit vector on the direction of the per-
manent electric dipole moment of the neutral particle.

With the field configuration (7), we then find that
Beff = —2wn Ey; that is, we have a uniform effective
magnetic field perpendicular to the plane on which
the neutral particle moves. Therefore, the conditions
for relativistic Landau-He-McKellar—-Wilkens quanti-
zation established in [16] are satisfied by the field
configuration induced by noninertial effects on the
Fermi-Walker reference frame (7). Note, by apply-
ing the duality transformation as suggested in [16] in
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the relativistic regime and in [7] in the nonrelativis-
tic regime, that the field configuration for achieving
the Landau quantization in the He—-McKellar—Wilkens
setup [52, 53] is characterised by the presence of a
radial magnetic field produced by a magnetic charge
density. In this work, the field configuration (7) is also
characterised by the presence of a radial magnetic field,
but without the hypothesis of the existence of magnetic
charges. Moreover, we can see the influence of the
topology of the defect on the field configuration given
by the presence of the parameter n in the expression of
the radial magnetic field, which is due to the noninertial
effects of the Fermi—Walker reference frame.

3 Dirac Equation and Relativistic
Landau-He-McKellar—-Wilkens Quantization
in the Cosmic String Spacetime

We now discuss the interaction between the external
fields and the electric dipole moment of the neutral par-
ticle, which leads to relativistic bound-state solutions
for the Dirac equation in a noninertial frame in the
background of the cosmic string spacetime. We want
to find the relativistic analogue of Landau quantization
satisfying the constraint (4) on the radial coordinate. To
this end, we go back to the discussion of spinor theory in
curved space [46] in Section 2 and recall that the spinors
are defined in the observer’s local reference frame.
Therefore, to properly write the equation of motion for
a Dirac particle in a curved spacetime, we must replace
the partial derivative of the spinors with the covari-
ant derivative [47, 57, 58]. The covariant derivative of
a spinor is defined by the equality V, =9, + ', (x),
where I'y, = £ w4 (x) % corresponds to the spinorial
connection [47, 57]. The components of the spinorial
connection can be obtained with the tetrads (6) by solv-
ing the Cartan structure equations in the absence of the
torsion field d6* + w® A §” =0, where the symbol A
denotes the wedge product, while the operator d is the
exterior derivative [47]). The following Dirac equation
therefore describes the relativistic quantum dynamics
of the neutral particle with permanent electric dipole
moment interacting with external magnetic and electric
fields in the cosmic string spacetime:

iV“ 8#‘// + iVM Fu x) ¥
+ i%l SH S By (1) Y = my, (10)

where d is the permanent electric dipole moment of the
neutral particle, F,, (x) is the electromagnetic field ten-
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sor and % = % [v% y"] (the indices a, b,c=0,1,2,3
indicate the local reference frame). The y“ matrices
correspond to the standard Dirac matrices defined in
the Minkowski spacetime [59]:

_ 10 i Al 0 O'i
“lo-1) ¥V TP¥ =60 )
(11)

where [ is the 2 x 2 identity matrix and %, the spin
vector. The matrices o' are the Pauli matrices and sat-
isfy the relation (6 o/ + o/ ¢’) = 2n". The y** matrices
given in the Dirac equation (10) are related to the y*
matrices via y* = e, (x) y“.

Next, we solve the Cartan structure equations in the
absence of torsion to obtain four non-null components
of the connection 1-form o, = wM“ p (X) dx*: o, 12 x) =
—w,% (x) = —on and a)wlz (x) = _‘%21 (x) = —n. From
these four non-null components of the connection 1-
form, we can calculate all components of the spinorial
connection I', (x) and obtain iy* ', = i% [17,37]. The
Dirac equation describing the interaction of the perma-
nent electric dipole moment of the neutral particle with
the induced fields (7) in the cosmic string background
is given by the following expression:

oy oy (] &% 0y
lat _m,Blp—i-la)a(p o <8p+2p>1/f ITI,O 30
.A38w . 152 D e I
— i~ +idpa- By +dps - Ey. (12)
z
Since the operators J, = —i5- [58] and p. = —iy.

commute with the Hamiltonian given in the right-hand
side of equation (12), we write the solution of the
Dirac equation (12) in terms of the eigenvalues of the

operators p, = —i- and J; = —i%:l

it ijo ke [ § (,0))

=e eV e , 13
v (X () (13)

where j=1[1+ %, [=0,%1,+2,..., kis a constant and
&= (& £)" and x = (x+ x_)T are two-component
spinors, where o3&, = £,, 03¢ = —£_ and likewise for
x+. Substituting this solution into the Dirac equation

IReference [58] has shown that the z-component of the total
angular momentum operator is given by J, = —i % whose eigen-

values are j =1+ %,wherel:O, +1,+£2, ...
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(12), we obtain two coupled equations of & (p) and
x (p). The first coupled equation is

|:5—m+w<l+%)—dan3:|$

d jo!
:[—iol%—%—ida}nEopal
o? 1 3
o\t ) Tk ke (14)
while the second one is
1
[5+m+w<l+§>+dan3}x
.40 il . |
=|—io %—$+ldwnE0pa
a? 1 3
+% l+§ + ko’ |&. 15)

Eliminating x from (15) and considering the electric
dipole moment parallel to the z-axis, we obtain two
decoupled equations for &, and &_, which we label &,
where s = +1, so that o3& = +& = s&. We can then
rewrite the two decoupled equations in a more compact
form representing two radial equations:

dzss 1 dgs Csz g _ 82 ng
dp*>  pdp nPp>” ’

+,3s‘§s=0

(s =), (16)

where ¢ is an effective angular momentum, defined by
the equality

1
§s=l+§(1—8)+%(1—'7)- (17)

The other two parameters on the right-hand side of
(16) are

§=dEywn;
1\ T 2
Bs=|E+w l+§ — [m+sd E)
Ls
—258 = —23. (18)
n

We have set k=0 in (16) and (18) because there
is no torque on the dipole moment [6]. Our problem
is therefore reduced to the plane of motion of the
Dirac neutral particle, the solutions of the radial equa-
tions (16) being of the form

s

& (p) =% (507 Fy(p). (19)

This result substituted on the right-hand side of (16),
we obtain the following second-order differential equa-
tion:

wF + |:|§—‘Y|+1—ui| F,
(20)

where u = § p>.
Equation (20) is the Kummer equation and F; (1) =

F [% + % - f—g, % +1, u] is the confluent hypergeo-

metric function or Kummer function of first kind [60].
It has been widely discussed in the literature |7, 37, 60—
63] that the radial part of the wave function becomes
finite everywhere when the parameter % + % - f—g is
equal to a non-positive integer number, which turns
the confluent hypergeometric series into an nth-degree
polynomial. Taking into account that the line element
(3) is valid only for 0 < p < ., we assume that
dEy < o). ey

This restriction on the intensity of the electric field
yields a probability amplitude that becomes very small
for p > 1/wn because the parameter u = §p> <« 1 for
o — w%] With no loss of generality, therefore, the radial
wave function can be considered as being normalised
inside the range 0 < p < wln The relativistic energy lev-
els for the bound state solutions of the Dirac equation
for a neutral particle with permanent electric dipole
moment are

En 1 = \/(m+sdEo)2+4dE0wn (n+ E—Sl by 1)
n

2n
1
—w|l+=1.
o[r+3]

Equation (22) is the relativistic analogue of the
Landau-He-McKellar—-Wilkens quantization. We have
therefore achieved the relativistic Landau quantization
for the He-McKellar—-Wilkens setup [52, 53] without
assuming the hypothesis of the existence of a density
of magnetic charges producing a radial magnetic field.
Our derivation relies on the noninertial effects of the
Fermi—Walker reference frame, which induce a radial
magnetic field similar to the one in the Landau-He-
McKellar-Wilkens quantization proposed in [7, 16].
We also have that the presence of the topological defect
breaks the degeneracy of the relativistic analogue of
the Landau levels [61, 62, 64] given in (22). For n —

(22)
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1, we recover the relativistic Landau-He-McKellar—
Wilkens quantization induced by noninertial effects in
the Minkowski spacetime obtained in [17]. For w — 0,
the relativistic energy levels of bound states (22) vanish
because there are no noninertial effects inducing the
field configuration (7).

Hence, we have seen that the relativistic Landau—
He-McKellar-Wilkens quantization induced by the
noninertial effects of the Fermi—-Walker reference
frame in the cosmic string spacetime can be achieved if
the intensity of the electric field satisfies the condition
(21). For other values of the intensity of the electric
field, the amplitude of probability cannot be sufficiently
small for values of the radial coordinate p > 1/wn;
therefore, we cannot consider the wave function being
normalised inside the physical region of the spacetime
0 <p < 1/on.

Consider next the nonrelativistic limit of the energy
levels (22). For m >> sd Ey and m >> 4d Egwn(n +
el _ szl;'?), we can apply the Taylor expansion in the

2
e;pression (22) up to the first-order terms and find

Eni~em+2 n+ —+4+s—+1

2n 2n

dEown [ 1Zs! Ss }
m
+sdE0—a)|:l+%i|, (23)

where the first term of the right-hand side of (28)
corresponds to the rest mass of the neutral particle. The
other terms correspond to the nonrelativistic analogue
of the Landau-He-McKellar—Wilkens quantization ob-
tained in [37] under the influence of the topology of a
disclination. We can see that the cyclotron frequency
is given by w, = ZdEfn—“’”; that is, the cyclotron fre-
quency depends on the intensity of the electric field,
the angular velocity of the noninertial frame and the
parameter 7, associated with the deficit of angle [37].
This dependence of the cyclotron frequency on the
parameter n comes from the noninertial effects. We
also recover the term due to Page and Werner et al.,
given by the coupling between the angular velocity o
and the quantum number / [27-29].

4 Dirac Spinors and the Gordon Decomposition

We now turn to the Dirac spinors corresponding to the
positive-energy solutions of the Dirac equation (12).
The appropriate solutions can be obtained by solving
the system of coupled equation given in (14) and (15).
We have already obtained the solutions for the two-

@ Springer

spinor &. Their radial eigenfunctions are given by the
expression

I¢s] —d :’:’()wrlp2

& (p) =(dEqwn)> e 2
xp F[—n,@—f—l,dEownpﬂ (s = ).
n

(24)

We now substitute these solutions into (15) to obtain
the solutions for the two-spinor y. The positive-energy
solution of the Dirac equation (12) running parallel to
the z-axis is

vy = g+F[—n, % + 1,dE0wr/,o2j|
1
0
x 0
— j el &
[5+m+w(ll+%)—dE0] ( n; np Zda)Eonp>
n 18+
[E+m+w(+1)—dE)
xF|:—n+1,E+2,dan)n,02j|
n
0
0
x 0 : (25)
2nd Eywn p

()

while the positive-energy solution antiparallel to the z-
axis is

V.o =g_ F[—n, E + l,dan)n,ozj|
n
0
1
X j [ R
_[5+m+w(ll+%)+dEo] ( w T w 2dwnE0p>
0
. ig_
[E+m+ow(l+1)+dE)
xF[—n—i—l,E—i—Z,dan)npz}
n
0
0
X 2nd Eywn p . (26)
(o
0
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The prefactors g4 in (25) and (26) are defined by the
equality

» 1 . lexl  —dEqone® et
g = Ce i€t el(l+2)(p ezkz (dEywon) ™ e 1

27)

where C is a constant.

The spinors (25) and (26) are positive-energy solu-
tions of the Dirac equation (12). The same procedure
leads to the negative-energy solutions. All components
of the spinors depend on the parameter 5 from the
cosmic string spacetime. In the limit » — 1, the Dirac
spinors for positive-energy solutions in the Minkowski
spacetime obtained in [17] are recovered.

Finally, let us discuss the Gordon decomposition
[59, 65]. The Gordon decomposition [59, 65] is applied
to the Dirac spinor field ¥ and consists in splitting
the four-vector J* = ¥y up into the convection cur-
rent density Jg;mv = _ﬁguv [Iﬁ?%lﬁ - (a\ﬂz) W] and the
spin-current density J{;, = 5.9, [# "y ]. In a curved
spacetime background, the components of J* are given
by [66, 67]

/,__L wv .7, _ n _L n m
J= gt oy — (0) Y] - o [ Y]
i i
+%W[V”Fu,y“]t/f—ml/f[(auy”),y“]w
- [ "] v (28)

Simple calculations then lead to the following ex-
pressions for the components of J#:

- -

Jt:JéonV_v'P
d d > =\ P
J”:Jfonv—k(&—a)%)P"—(VxM)
d ad - _\ ¢
J‘l’:]“f’onv+<&—w£>P“’—(VxM)
Z - -
+ 5tV P
np
C LNz
z _ J2  y— z
J _JCOHV+<8t wa(p>P (Vx a) (29)

where we have defined in (29) the magnetization cur-
rent density M* = €, (x) M“, whose components of M*
are

1 -

M' = —y3zly,
2m
1 -

M? = ——y 2%y,
2m

3_L- 3
M = iy, (30)

and the polarization density P* = ¢, (x) P%, whose
components of P* are

i -
P'= %Kﬁyoyllﬁs

i -
P = %KZ’VOJ/ZI/A

P = =7y (31)

The topology of the cosmic string and the nonin-
ertial effects on the Fermi—-Walker reference frame
contribute to the spatial components of the current J*.
In the limit n — 1, we recover the results in ref. [17] for
the components of J* in the Fermi-Walker reference
frame in the Minkowski spacetime. In the limit @ — 0
with 0 < n < 1, (29) determines each J# component in
an inertial frame in the cosmic string spacetime. In the
limits n — 1 and w — 0, we recover the expressions for
the J* in an inertial frame in the Minkowski spacetime.

5 Conclusions

We have discussed the behaviour of the external fields
interacting with a Dirac neutral particle with a per-
manent electric dipole moment in a noninertial frame
in the cosmic string spacetime. We have shown that
the noninertial effects of the Fermi—-Walker reference
frame induce a radial magnetic field by considering ini-
tially a uniform electric field along the z-axis in the rest
frame of the observers. Among the interesting aspects
of the induced radial magnetic field is its dependence
on the parameter 7, directly related to the deficit of
angle of the defect. In the field configuration induced
by the noninertial effects, the electrostatic conditions
are satisfied, no torque acts on the electric dipole
moment and a uniform magnetic field is generated in
the direction perpendicular to the plane on which the
Dirac particle moves. Under these conditions, we have
shown that bound state solutions of the Dirac equation
can only be achieved by restricting the intensity of the
electric field to Ey <« % For other values of the inten-
sity of the electric field, the amplitude of probability
cannot be considered sufficiently small in order to have
the wave function being normalised inside the physical
region of the cosmic string spacetime. The relativistic
bound state solutions correspond to the analogue of the
Landau quantization for a Dirac neutral particle with a
permanent electric dipole moment in the cosmic string
spacetime which is called the relativistic Landau-He-
McKellar—Wilkens quantization.

We have also seen that the influence of the topology
of the defect on the relativistic energy levels yields the
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breaking of the degeneracy of the relativistic Landau
levels. Nonetheless, in the limit n — 1, the relativistic
Landau-He-McKellar—Wilkens quantization induced
by noninertial effects in the Minkowski spacetime is
recovered. By contrast with a previous work [16], we
have shown that the relativistic Landau-He-McKellar—
Wilkens quantization induced by noninertial effects can
be achieved without assuming the existence of a density
of magnetic charges.

Finally, we have calculated the components of the
Dirac spinor that are parallel and antiparallel to the
spacetime z-axis for positive-energy solutions and ob-
tained the Gordon decomposition of the Dirac prob-
ability current. The results show that the noninertial
effects of the Fermi—Walker reference frame and the
topology of the cosmic string spacetime influence the
Dirac spinors and the Gordon decomposition.
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