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Enhancement of the Goos-Hänchen shift via chiral quantum-dot molecule systems
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The role of a chiral quantum-dot molecule (QDM) system in controlling and enhancing the Goos-Hänchen
(GH) shift is revealed here. The proposed setup is a four-level atomic system excited by incoherent pump
and probe fields where the electron tunneling is prominent in affecting the GH shift upon the reflection and
transmission of probe beams. The GH shifts in the chiral QDM system are calculated analytically by using
stationary phase theory, whereas the dynamics of the quantum-dot system are derived by the density-matrix
method. It is demonstrated that the GH shifts through transmission and reflection light beams are strongly
influenced due to right-circularly polarized (RCP) and left-circularly polarized light. The GH shifts through
RCP light are enhanced in the presence of chiral QDM systems, and these shifts could become either highly
negative or highly positive, sensitively depending on the electron tunneling and chiral coefficients. This proposal
can be viewed as a theoretical approach to the potential application of GH shifts in nano-optoelectronic sensors.

DOI: 10.1103/PhysRevA.108.013701

I. INTRODUCTION

In geometrical optics, it is generally known that the posi-
tion of transmitted and reflected light beams can be shifted
laterally. When a complete reflection occurs at the interface
between two different media and is perpendicular to the
path of propagation in the area containing both reflected and
incident beams, the Goos-Hänchen (GH) shift takes place
here between incident and reflected light beams [1]. This
phenomenon relates to the GH shift reported experimentally
by Goos and Hänchen [2,3]. The phenomenon was theoret-
ically described using Renard’s energy flux and Artmann’s
stationary phase techniques [4,5]. The GH shift is used to
characterize the permittivity ε and permeability μ of differ-
ent material media and to develop micrometer-scale surface
plasmon resonance waveguide devices [6,7]. The negative GH
shift at the boundary of left-handed and normal media was
investigated by Berman [8] and Lakhtakia [9]. The lateral shift
of a Gaussian light beam reflecting off a grounded slab hav-
ing concurrently negative permeability and permittivity was
explored by Kong et al. [10]. A method for achieving the mod-
ification of a probe beam’s GH shifts using the control field
and the fixed geometrical arrangement was put forward by
Wang et al. [11]. Since then, a series of quantum-optics meth-
ods have been proposed to flexibly manipulate the GH shift of
the reflected or transmitted probe fields, such as a multilevel
system with electromagnetically induced transparency (EIT)
[12], a four-level system governed by two external coherent
beams [13], a cold and hot atomic medium [14], and cavity
optomechanical systems [15]. Recently, using fractional dual
fields as an excitation source, Ali et al. have proposed a GH
shift for low-index metamaterials [16]. Similarly, using the
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Lorentz-Drude model, Nisar et al. presented the GH shift in
a dielectric-magnetic dispersive system [17]. Likewise, Bibi
et al. provided the GH shift analysis for a dielectric-chiral
interface with noninteger dimensional regions [18]. Further-
more, Wu et al. introduced dual quasibound states in the
continuum in compounded grating waveguide structures with
a complete reflection for huge positive and negative GH shifts
[19].

Alternatively, the optical characteristics of quantum wells
and quantum dots (QDs) can be altered by interdot tunneling
and external laser field interaction [20–22]. In an asymmetric
double-QD configuration, Villas-Bôas et al. used Rabi os-
cillations to effectively control electron tunneling [23]. The
concept of the quantum coherence phenomenon in a semi-
conductor QD was studied by Chow et al. [24]. It is widely
understood that the electron tunneling and incoherent pump
field in a QD system can significantly alter the optical charac-
teristics of a QD medium [25]. Several further works have also
investigated various optical phenomena in the quantum-dot
molecule (QDM) governed by interdot tunneling, for ex-
ample, entanglement and quantum-information transfer [26],
four-wave mixing generation [27], transmission and reflection
of pulses [28], optical bistability [29], and controlling the GH
shift in a QD nanostructure [30]. Various parameters, includ-
ing control field intensity, detuning, and electron tunneling,
have been put forward for managing lateral shifts because of
numerous proposals. As a result, it is worthwhile to investigate
the modification and control of lateral shifts by modifying the
different parameters of a scheme.

Motivated by the above studies, we propose a way to con-
trol and enhance GH shift, i.e., by using the right-circularly
polarized (RCP) and left-circularly polarized (LCP) light
fields in a chiral QDM system. It has been found that RCP
light and LCP light exert a significant amount of impact on
the GH shifts that occur in the transmission and reflection
of a probe beam. The enhancement of GH shift via LCP and
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FIG. 1. (a) Schematic of a cavity containing a quantum-dot molecule (QDM) and (b) level configuration of the QDM system. The electron
and hole are shown by � and ⊕, respectively. The S±

r and S±
t denote the lateral shifts of the reflected and transmitted probe beams.

RCP light becomes more vivid with the use of the chiral QDM
system. It is also demonstrated that the GH shift can be either
a large positive shift or a large negative shift, as influenced by
the strength of the interdot tunneling and chirality coefficients
at different incidence angles. Our proposed system can be
viewed as a theoretical candidate for the creation of new
nano-optoelectronic sensors.

II. SYSTEM MODEL AND ITS DYNAMICS

In this section, we examine a light beam called the probe
that comes from the vacuum and strikes a cavity. The cavity
holds a chiral quantum-dot medium with electric permittiv-
ity ε2, magnetic permeability μ2, and chirality coefficient ξ ,
while the free space has permittivity εo. The cavity consists
of two dielectric slabs that have the same thickness d1, and
their permittivity is ε1. Additionally, there is a chiral quantum
system inside the cavity, which has thickness d2. The setup is
illustrated in Fig. 1(a). Figure 1(b) shows a uniform ensemble
of structurally asymmetric quantum-dot molecules (QDMs),
where each molecule is formed by the tightly spaced cou-
pling of two quantum dots. To illustrate a practical scenario,
we examine a side-to-side connection of two self-created
(In,Ga)As/GaAs quantum dots that possess varying band con-
figurations. A homogeneous group of QDMs made up of two
dots, with a low density (5×107 cm−2), can be created through
a distinct mixture of molecular beam and atomic layer meth-
ods [31,32]. Each quantum dot (QD) typically has a lateral
size of approximately 35 nm, and the thickness of the interdot
barrier should be only a few nanometers (less than 8 nm) to
enable significant electron tunneling between the dots. One
might go for additional experimental information regarding
the fabrication method in Ref. [33].

The chiral QD system has four energy levels, |a〉, |b〉, |c〉,
and |d〉 [see Fig. 1(b)]. The ground state |a〉 indicates a level
where two QDs are in the valance band. State |b〉 denotes
the level at which an electron is driven to the conduction
band in left QDs, thus resulting in an exciton. State |c〉 shows

an electron transfer via interdot tunneling to the conduction
band of the right QD, and thus an indirect exciton is created.
Finally, state |d〉 expresses that the exciton is produced when
an electron is excited to the right QD’s conduction band. The
magnetic field B with Rabi frequency �m drives the transition
between state |a〉 and state |b〉. The interdot tunneling strength
Te drives the transition between state |b〉 and state |c〉 and is re-
sponsible for the generation of an indirect exciton. The strong
control field Ec with Rabi frequency �c drives the transition
between state |c〉 and state |d〉, whereas the weak probe field
Ep with Rabi frequency �p stimulates the transition between
state |a〉 and state |d〉.

The Rabi frequency �m in terms of the magnetic field is
given as �m = μB/h̄, where μ is the magnetic dipole moment
and h̄ is the reduced Planck’s constant. Therefore the allowed
transition |a〉 → |b〉 is a magnetic dipole transition. Magnetic
dipole transitions are important in chiral QD systems because
they are sensitive to the chirality of the environment and can
lead to interesting optical properties. In the chiral QD sys-
tem, the magnetic dipole transitions are enhanced due to the
interaction between the electromagnetic field and the chiral
environment. This enhancement can be described in terms of
the chirality coefficient, which is a measure of the strength of
the chiral response of the material. The chirality coefficient
is related to the refractive index of left- and right-handed
circularly polarized light as it passes through the material, and
it can enhance the magnetic dipole transitions. Similarly, the
Rabi frequencies �c and �p in terms of the electric field are
given as �c = σEc/h̄ and �p = σEp/h̄, respectively, where
σ is the electric dipole moment. Therefore the allowed tran-
sitions between states |c〉 → |d〉 and |a〉 → |d〉 are electric
dipole transitions, which are more common than magnetic
dipole transitions. The system’s interaction Hamiltonian can
be written as follows using the dipole approximation and
rotating-wave approximation [32]:

HI = −h̄
[
�me−i�mt |a〉〈b| + �pe−i�pt |a〉〈d|
+ �ce−i�ct |d〉〈c| + Te|b〉〈c| + H.c.

]
, (1)
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where the quantity Te denotes the interdot tunneling strength
caused by a static electric field across states |b〉 and |c〉
and the term “H.c.” represents the Hermitian conjugate.
The parameters �m, �p, and �c account for the detun-
ings of the magnetic, probe, and control fields, respectively
[see Fig. 1(b)]. The general quantum Liouville density-matrix
equation can be expressed as follows [32,34]:

ρ̇ = − i

h̄
[HI , ρ] − 1

2

∑
γ j (δ

†δρ + ρδ†δ − 2δρδ†), (2)

where ρ represents the density operator of the system, HI is
the interaction Hamiltonian, γj ( j = 1, 2, 3) are the sponta-
neous decay rates, and δ† (δ) represents the raising (lowering)
operator that describes all energy state transitions in the theo-
retical atomic model [see Fig. 1(b)]. By inserting Eq. (1) into
Eq. (2), we obtain the density-matrix equations below:

ρ̇ba = [
i�m + 1

2 (γ1 + γ3)
]
ρba − i�∗

m(ρaa − ρbb)

+ iT ∗
e ρca − i�pρbd , (3)

ρ̇ca = [
i(�c − �p) + 1

2 (γ1 + γ2 + γ3)
]
ρca + i�∗

cρda

+ iT ∗
e ρba − i�mρcb − i�pρcd , (4)

ρ̇da = [
i�p + 1

2 (γ1 + γ3)
]
ρda + i�cρca − i�∗

p(ρaa − ρdd )

− i�mρdb. (5)

These equations characterize the evolution of the system
as influenced by laser beams and electron tunneling strength
coupling. We have investigated the enhancement of the GH
shift by using the chiral QDM system (which can be defined
as a medium in which the electric polarization is coupled to
the magnetic field H of electromagnetic radiation and the
magnetization M is coupled to the electric field E ) that can
be expressed as [35,36]

P = ξEH

c
H + ε0χeE , (6)

M = χmH + ξHE

μ0c
E , (7)

where ξEH and ξHE represent the chirality coefficients, ε0 (μ0)
represents the permittivity (permeability) of the vacuum, and
c is the speed of light. By solving the above equations, the
following chirality coefficients, electric susceptibility χe, and
magnetic susceptibility χm are calculated [36]:

χe = σ 2

ε0h̄

[
β2(h̄ − Nμ2μ0β3) + Nμ2μ0β1β4

h̄ − Nμ2μ0β3

]
, (8)

χm = Nμ2μ0β3

h̄ − Nμ2μ0β3
, (9)

ξEH = Ncμμ0σ
2β1

h̄ − Nμ2μ0β3
, (10)

ξHE = Ncμμ0σβ4

h̄ − Nμ2μ0β3
, (11)

where

β1 = − i(A1A2 + T 2
e + A1�c[−i cos(θc) + sin(θc)])

A1
(
A2A3 + �2

c

) + A3T 2
e

, (12)

β2 = −eiθc�c(A1 − iTe) + i
(
A1A2 + T 2

e

)
A1

(
A2A3 + �2

c

) + A3T 2
e

, (13)

β3 = Te[−A3 + i�c cos(θc) + �c sin(θc)]

A1
(
A2A3 + �2

c

) + A3T 2
e

, (14)

β4 = i
(
A2A3 + �2

c − iA3Te + eiθc�cTe
)

A1
(
A2A3 + �2

c1
) + A3T 2

e

. (15)

A1 = i�m + 1
2 (γ1 + γ3), A2 = i(�c − �p) + 1

2 (γ1 + γ2 + γ3),
and A3 = i�p + 1

2 (γ1 + γ3). The σ represents the electric
dipole moment, μ is the magnetic dipole moment, N stands
for the number of atoms per volume (atomic density), and θc

is the phase of the control field.
A chiral QD medium is a material that exhibits chirality,

which has different properties for LCP and RCP light. The
optical properties of a chiral QD system can be described in
terms of the chirality coefficients (ξEH (HE )), magnetic perme-
ability (μ2), electric permittivity (ε2), and the refractive index
(n(±)

r ). The chirality coefficient is a measure of the strength of
the chiral response of the material, such that a larger chirality
coefficient indicates a stronger chiral response in the optical
properties of LCP and RCP light. The magnetic permeability
of a chiral medium describes the material’s response to an
applied magnetic field and can affect the propagation of light
through the material. In a chiral QD system, the refractive
index for left- and right-circularly polarized light is given by
[37,38]

n(±)
r =

√
(1+χe)(1+χm) − (ξEH + ξHE )2

4
± i

2
(ξEH − ξHE ),

(16)

where n(+)
r denotes the complex refractive index for the RCP

light beam and n(−)
r denotes the complex refractive index

for the LCP light beam. Quantitatively speaking, when the
quantum-dot system satisfies the condition ξEH (HE ) �= 0, the
system is assumed to be a chiral quantum-dot system; oth-
erwise, it is assumed to be a nonchiral quantum-dot system
with ξEH (HE ) = 0. The chiral quantum-dot system contributes
additional chirality coefficient terms to refractive indices
in addition to permeability (μ2 = 1 + χm) and permittivity
(ε2 = 1 + χe). Consider an incident probe beam that interacts
with the chiral QD system making an angle θ along the z
axis [39]. Such a QD system is also used for the obser-
vation of superluminal light propagation and control of the
probe absorption via electron tunneling strength and incoher-
ent pumping field [21,25]. The GH shifts for both reflected
and transmitted probe beams can be calculated with the help
of the stationary phase theory [4,5], as follows:

S±
(r,t ) = − λ

2π

dφr,t

dθ
, (17)

where S±
(r,t ) are the lateral shifts in both reflected and trans-

mitted probe beams for the RCP and LCP light and φr,t

corresponds to the phase of the complex reflection r(ky, ωp)
or transmission t (ky, ωp) coefficients. Therefore one can de-
scribe the probe beams for the lateral shift or the GH shift as
[40]

S±
r = − λ

2π |r(ky, ωp)|2
[

Re[r(ky, ωp)]
∂ Im[r(ky, ωp)]

∂θ

− Im[r(ky, ωp)]
∂ Re[r(ky, ωp)]

∂θ

]
, (18)
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S±
t = − λ

2π |t (ky, ωp)|2
[

Re[t (ky, ωp)]
∂ Im[t (ky, ωp)]

∂θ

− Im[t (ky, ωp)]
∂ Re[t (ky, ωp)]

∂θ

]
, (19)

where ky represents the y component of the wave vector k,
ωp is the angular frequency of the probe field (ωp = 2πc/λ),
λ is the corresponding wavelength of the probe field, and θ

represents the incident angle of the probe field with the z
axis [see Fig. 1(a)]. We use the standard characteristic matrix
technique to figure out the transmission coefficient t (ky, ωp)
and reflection coefficient r(ky, ωp) of the probe beam passing
through the cavity.

III. RESULTS AND DISCUSSION

Here we discuss in detail the GH shifts in both transmitted
and reflected probe beams for LCP and RCP light via chiral
and nonchiral QD systems. In addition, we elaborate on how
electron tunneling and magnetic field detuning influence the
behavior of GH shifts.

In the context of GH shift via atomic systems, we choose
the decay rate of excited states as γ = 1 MHz (the natural
linewidth of atomic systems), and it is convenient to scale
all the other parameters with γ in the given calculations
for the better understanding of the reader [11,12]. The GH
shifts (S±

r,t ) in both reflected and transmitted probe beams for
RCP light as a function of incidence angle θ are plotted for
various values of electron tunneling strength in a nonchiral
QD system (ξEH (HE ) = 0), as shown in Figs. 2(a) and 2(b).
We have observed small positive GH shifts in the transmitted
probe beam (blue curve) and comparatively large negative GH
shifts in the reflected probe beams (red curve) for RCP light
at Te = 2γ [see Fig. 2(a)]. The maximum positive GH shift
in the transmitted probe beam (S+

t = 1.6λ) is observed at the
incident angle θ = 1.0 rad, while the maximum negative GH
shift in the reflected probe beam (S+

r = −4.2λ) is observed at
the incident angle θ = 0.68 rad for RCP light [see Fig. 2(a)].
When Te is raised to 4γ , both S+

t (blue curve) and S+
r (red

curve) increase [see Fig. 2(b)]. The maximum positive GH
shift in the transmitted probe beam is increased to S+

t = 1.8λ,
at the incident angle θ = 1.0 rad, while the maximum negative
GH shift in the reflected probe beam is increased to S+

r =
−7.0λ, at the incident angle θ = 0.68 rad [see Fig. 2(b)].
Furthermore, the GH shifts exhibited by LCP light within a
nonchiral medium are identical to those of RCP light.

In a chiral QD system (ξEH (HE ) �= 0), the GH shifts in
both reflected and transmitted probe beams for RCP and LCP
light (S±

r,t ) as a function of incidence angle θ are plotted for
various values of electron tunneling strength, as illustrated in
Figs. 3(a)–3(d). In the chiral QD system, we have observed
large positive GH shifts in the transmitted probe beam (blue
curve) and comparatively smaller negative GH shifts in the re-
flected probe beams (red curve) for RCP light at Te = 2γ [see
Fig. 3(a)]. The maximum positive GH shift in the transmitted
probe beam (S+

t = 13.1λ) and maximum negative GH shift in
the reflected probe beam (S+

r = −6.0λ) are observed for RCP
light at the incident angle θ = 0.670 rad [see Fig. 3(a)]. When
Te is raised to 4γ , both S+

t (blue curve) and S+
r (red curve)

FIG. 2. (a) and (b) GH shift in reflection and transmission of
RCP light vs incident angle θ in a nonchiral medium (ξEH (HE ) = 0)
under different values of interdot tunneling strength Te. The system
parameters used are γ = 1 MHz, γ1 = γ2 = γ3 = 0.1γ , �c = 6γ ,
�c = �p = �m = 0.1γ , σ = 1.6×10−19 C m, μ = 0 A m2, λ =
500 nm, h̄ = 1.05×10−34 J s, c = 3×108 m/s, θc = π , d1 = 0.6 µm,
d2 = 1.2 µm, ε0 = 8.85×10−12 F/m, and ε1 = 2.22.

increase [see Fig. 3(b)]. The maximum positive GH shift in
the transmitted probe beam for RCP light is increased to S+

t =
22.1λ, while the maximum negative GH shift in the reflected
probe beam for RCP light is increased to S+

r = −16.0λ, at
the incident angle θ = 0.670 rad [see Fig. 3(b)]. In contrast,
we have observed small negative GH shifts in the transmitted
probe beam (blue curve) and comparatively large positive GH
shifts in the reflected probe beams (red curve) for LCP light
at Te = 2γ [see Fig. 3(c)]. The maximum negative GH shift in
the transmitted probe beam (S−

t = −2.1λ) is observed at the
incident angle θ = 1.18 rad, while the maximum positive GH
shift in the reflected probe beam (S−

r = 5.9λ) is observed at
the incident angle θ = 0.670 rad, for LCP light [see Fig. 3(c)].
Furthermore, when Te is raised to 4γ , both S−

t (blue curve)
and S−

r (red curve) increase [see Fig. 3(d)]. The maximum
negative GH shift in the transmitted probe beam for LCP light
is increased to S−

t = −3.1λ at the incident angle θ = 1.18 rad,
and the maximum positive GH shift in the reflected probe
beam for LCP light is increased to S−

r = 12.1λ, at the incident
angle θ = 1.46 rad [see Fig. 3(d)]. It is found that the QDM
system gets more transparent and the absorption varies when
the strength of the interdot electron tunneling is increased,
resulting in larger negative and positive shifts at specific inci-
dent angles. Similarly, the difference in refractive indices for
RCP and LCP light leads to differential GH shifts for the two
polarizations. Specifically, RCP light experiences larger GH
shifts than LCP light in both reflected and transmitted probe
beams in a chiral medium. This is because the interaction
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FIG. 3. GH shift in reflection and transmission of (a) and (b) RCP light and (c) and (d) LCP light plotted against the incident angle
θ in a chiral medium (ξEH (HE ) �= 0) under different values of interdot tunneling strength Te. The system parameters used are as follows:
μ = 1.16×10−21 A m2, and all the other parameters are the same as in Fig. 2.

between RCP light and the chiral medium is stronger due
to the matching of the handedness of the light polarization
and the chiral nature of the medium. Therefore the GH shift
increases in a chiral medium compared with a nonchiral
medium.

In Figs. 4(a) and 4(b), the GH shifts in both reflected and
transmitted probe beams for the RCP and LCP light (S±

r,t )
as a function of �m/γ are plotted for various values of in-
cidence angle θ . Figure 4(a) depicts RCP curves plotted at
θ = 0.670 rad, whereas Fig. 4(b) depicts LCP curves plotted
at θ = 0.840 rad. In this case, we have observed positive GH
shifts in the transmitted probe beam (blue dashed curve) and
negative GH shifts in the reflected probe beams (red curve)
for RCP light at Te = 2γ [see Fig. 4(a)]. The GH shift in
the transmitted probe beam is 13.1λ, and the GH shift in the
reflected probe beam is −6.0λ at �m = 0.1γ . In contrast, we
have observed negative GH shifts in the transmitted probe
beam (blue dashed curve) and positive GH shifts in the re-
flected probe beams (red curve) for LCP light at Te = 2γ

[see Fig. 4(b)]. The GH shift in the transmitted probe beam
is −2.0λ while the GH shift in the reflected probe beam is
5.9λ at �m = 0.1γ .

In Figs. 5(a)–5(d), the imaginary and real parts of magnetic
and electric susceptibilities are plotted as a function of the
magnetic field detuning �m in a chiral QD system. Here we
see that the electric and magnetic susceptibilities are strongly
dependent on the interdot tunneling strength Te. The function
of susceptibility is somewhat complex and is composed of two
components, namely, the imaginary component and the real
component. Both the imaginary component and the real com-
ponent have a direct relationship to the spectrum of absorption
and its dispersion, accordingly. Here we have observed the
imaginary (Im[χm]) and real parts (Re[χm]) of magnetic

susceptibility in Figs. 5(a) and 5(b), respectively. At Te = 2γ ,
we have examined a large absorption and small anoma-
lous dispersion (red curve) as shown in Figs. 5(a) and 5(b),

FIG. 4. GH shifts in both reflected and transmitted probe beams
for RCP and LCP light (S±

r,t ) as a function of detuning �m in chiral
medium (ξEH (HE ) �= 0). (a) GH shift in reflection and transmission
probe beams for RCP light at θ = 0.670 rad, and (b) GH shift in re-
flection and transmission probe beams for LCP light at θ = 0.840 rad.
The other parameters are the same as in Fig. 2.
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FIG. 5. (a) and (b) Imaginary and real parts of magnetic susceptibility and (c) and (d) imaginary and real parts of electric susceptibility vs
�m/γ under different values of Te. Red curve, Te = 2γ ; blue dashed curve, Te = 4γ . All the other parameters are the same as in Fig. 2.

respectively. When interdot tunneling strength Te is increased
to 4γ , the absorption decreases, and the anomalous dispersion
(blue dashed curve) increases as shown in Figs. 5(a) and 5(b),
respectively. Likewise, we have also observed the imaginary
(Im[χe]) and real parts (Re[χe]) of electric susceptibility in
Figs. 5(c) and 5(d), respectively. We examined a large absorp-
tion and small anomalous dispersion (red curve) at Te = 2γ ,
as depicted in Figs. 5(c) and 5(d), respectively. Similar to this,
as illustrated in Figs. 5(c) and 5(d), when interdot tunneling
strength Te is increased to 4γ , the absorption decreases, and
the anomalous dispersion increases (blue dashed curve). It is
found that in the QDM system, the transmitted and reflected
probe beam GH shifts are seen to be reduced by the strong ab-
sorption, while the transmitted and reflected probe beam GH
shifts are thus found to be enhanced by the small absorption.

IV. CONCLUSIONS

In conclusion, we have proposed a method to use a chiral
QD system inside a cavity to control the GH shifts in both

reflected and transmitted probe beams for RCP and LCP
light. It is observed that the strength of the interdot electron
tunneling and magnetic field detuning strongly affects the
behavior of the GH shift. It is demonstrated that the GH shifts
in transmission and reflection light beams show different be-
havior for the RCP and LCP light. In the presence of a chiral
QD system, the GH shifts are enhanced under RCP light.
Furthermore, at different angles of incidence, the lateral shift
can become a large positive shift or a large negative shift,
which is influenced by the strength of the interdot tunneling
of electrons and the chiral coefficients. Our proposed system
can be viewed as a theoretical approach to the creation of new
nano-optoelectronic sensors and encourages experimental re-
search on GH shifts.
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