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The magnetic field-dependent heavy hole excitonic states in a strained Ga0.2In0.8As/GaAs quantum dot are investi-
gated by taking into account the anisotropy, non-parabolicity of the conduction band, and the geometrical confinement.
The strained quantum dot is considered as a parabolic dot of InAs embedded in a GaAs barrier material. The dependence
of the effective excitonic g-factor as a function of dot radius and the magnetic field strength is numerically measured.
The interband optical transition energy as a function of geometrical confinement is computed in the presence of a mag-
netic field. The magnetic field-dependent oscillator strength of interband transition under the geometrical confinement is
studied. The exchange enhancements as a function of dot radius are observed for various magnetic field strengths in a
strained Ga0.2In0.8As/GaAs quantum dot. Heavy hole excitonic absorption spectra, the changes in refractive index, and
the third-order susceptibility of third-order harmonic generation are investigated in the Ga0.2In0.8As/GaAs quantum dot.
The result shows that the effect of magnetic field strength is more strongly dependent on the nonlinear optical property in a
low-dimensional semiconductor system.
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1. Introduction

The quantum size effects are quite interesting in low-
dimensional semiconductor systems and especially in quan-
tum dots due to their discrete nature of density of states. Stud-
ies on quantum dots have received due attention because of
their potential applications in device fabrication such as in
opto-electronic devices and their properties that are found to
have better optical and electrical characteristics.[1] As the size
of a dot approaches its effective Bohr radius, the excitonic
properties change and eventually a blue shift occurs in the
interband optical transition energy.[2] Semiconducting quan-
tum dots from group III–V have attracted attention because
they have larger effective Bohr radii which are comparable to
the dot sizes. This property can be used for fabricating laser
diodes and infrared detectors.[3] Moreover, the electron and
the hole are confined in all the three directions in a quan-
tum dot and as a result of this geometrical confinement, an
enhanced exciton binding energy and oscillator strength are
observed. Further, the quantum dots show an atom-like spec-
trum of energy of a delta function[4] and the spectral lines will
be split under an external magnetic field.[5]

The optical properties, especially the optical gain of an
Er-doped Al2O3 waveguide amplifier in which the optical loss
varies with annealing temperature, were studied by Tan and
Zhang,[6] and it was found that the optical loss is a main pa-

rameter for determining the optical gain. Electronic and opti-
cal properties of III–V semiconductors especially InAs/GaAs
quantum dots and coupled quantum dots[7–9] have been in-
vestigated. Preisler et al.[10] have investigated the interband
transitions in several ensembles of self-assembled InAs/GaAs
quantum dots by using photoluminescence excitation spec-
troscopy under a strong magnetic field. The geometrical
sizes, shapes, and compositions of InAs/GaAs quantum dots
have been investigated by Offermans et al.[11] using cross-
sectional scanning tunneling microscopy. They used a sin-
gle band effective mass approximation to compute the elec-
tron and hole states in order to find the ground state pho-
toluminescence energy. The variation of strain has been in-
vestigated using elastic continuum theory in InAs/GaAs pyra-
midal dots in which a single band effective mass approach
has been followed.[12] Theoretical approaches with the com-
bined effects of electric field and hydrostatic pressure on the
binding energy in a coupled InAs/GaAs quantum-well wire
have been investigated.[13] Electron and hole levels, oscil-
lator strengths, and the exciton ground-state binding ener-
gies in pyramid-shaped InAs quantum dots in GaAs were
computed.[14] The exciton and the optical phonon in an In-
GaAs ternary alloy have been studied and compared with those
in the II-VI semiconductors.[15–17] Some ternary quantum well
structures including InGaAs semiconductors have been grown
and the band-gap energy and higher state transition energy
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have been calculated by using a proper model.[18]

In the present work, we investigate the heavy hole ex-
citonic states in a strained GaxIn1−xAs/GaAs quantum dot in
the presence of a magnetic field. The calculations include
the anisotropy, non-parabolicity of the conduction band, and
the geometrical confinement. The strained quantum dot is
considered as a parabolic dot of InAs surrounded by a GaAs
barrier material. The exciton effective Lande factor is mea-
sured as a function of dot radius and Ga alloy content in a
GaxIn1−xAs/GaAs. The interband emission energy is com-
puted with the spatial confinement and the external magnetic
field strength. The exchange enhancements as a function of
dot radius are studied in a strained Ga0.2In0.8As/GaAs quan-
tum dot for various magnetic field strengths. The oscillator
strength of interband transitions under the spatial confinement
in the InAs/GaAs quantum dot is investigated. Some nonlin-
ear optical properties as a function of photon energy are dealt
with. The rest of this paper is organized as follows. In Sec-
tion 2, the theoretical model used in our calculations, and the
obtained eigenfunctions and eigenenergies of exciton states,
the interband emission energy and the nonlinear optical prop-
erties are discussed. The results and discussion are presented
in Section 3. Finally, a brief summary and results are presented
in the last section.

2. Model and calculations
2.1. Exciton binding energy

The Hamiltonian consists of an exciton in a Ga0.2In0.8As
quantum dot surrounded by a spherical potential barrier in
GaAs material. The potential inside a dot is assumed to be
zero and V0(B) outside. Based on the single band effective
mass approximation, the Hamiltonian of a confined exciton in
a Ga0.2In0.8As/GaAs quantum dot is written as

Ĥexc = He +Hh−
e2

ε|r̄e − r̄h|
+VD(r), (1)

where e is the free electron charge, |r̄e − r̄h| denotes the rel-
ative distance between the electron (e) and the hole (h), ε

is the dielectric constant of the material inside the quantum
dot, VD(r) is the parabolic confinement potential given as
VD(r) = V0(B)r2/R2 for |r| ≤ R while VD = V0(B) for |r| > R
with V0(B) being the barrier height of the parabolic dot and

V0(B) = Qc∆EΓ
g (x) (2)

being the barrier height (Vc = 288 meV and Vv = 192 meV,
for x = 0.2). And in Eq. (2) Qc is the conduction band off-
set parameter which is taken to be 60:40 between conduction
band and valence band, and ∆EΓ

g (x) is the band gap difference
between the quantum dot and the barrier at Γ -point, given by

∆EΓ
g (x) = 0.359+0.491x+0.58x2. (3)

For any quantum semiconducting nanostructure, the ef-
fect of strain modifies the band structure which includes the
conduction and the valence edge energies. Assuming homoge-
nous strain in the epitaxial layer, we introduce the strain contri-
bution into the Hamiltonian. Hydrostatic and uniaxial strains
will be induced due to the lattice constant mismatch between
different materials. The former will influence the lattice vol-
ume and result in a change in energy level of materials whereas
the latter will remove the degeneracy. The strain-induced po-
tential for the conduction band can be expressed as[19]

VCstrian = ac(εxx + εyy + εzz), (4)

where ac is the deformation potential constant of conduction
band, the strain tensor components defined as εxx = εyy =

(a0−a)/a where a0 and a are the lattice parameters of bulk
InAs and GaAs respectively and εzz = −2(C12/C11)εxx where
Ci j are the elastic stiffness constants and their values are given
in Table 1.

Table 1. Material parametersa used in the calculations (all the
other parameters are linearly interpolated).

Parameter InAs GaAs Unit
Eg 0.418 1.517 eV
me 0.023 0.067 m0

ε 15.15 13.13
γ1 20 6.98
γ2 8.5 2.06

C11 83.29 11.88 GPa
C12 45.26 5.38 GPa
C44 23.0 5.94 GPa
ac −5.08 −7.17 eV
av 1 −1.16 eV
b −1.8 2 eV
a 0.6058 0.565 nm

Ep 22.2 25.7 eV
∆0 0.386 0.340 eV

aCited from Refs. [35]–[39]

The strain-induced potential for the valence band can then
be written as[25]

VVstrain = av(εxx + εyy + εzz)−
b
2
(εxx + εyy−2εzz), (5)

where av and b are the deformation potential constants of va-
lence band for the hydrostatic components of the strain along
〈001〉 as given in Table 1.

The internal strain influences the electronic parameters,
which are realized through an effective Lande factor (g-factor)
here. The effective g-factor for electron (hole) having energy
Ec (Ev) measured from the bottom (top) of the conduction (va-
lence) band is given as

g(E,x) = 2−
2Ep(x)∆(x)

3(Eg(x)+E)(Eg(x)+E +∆(x))
. (6)

Here, Eg(x) and ∆(x) are the Ga-dependent fundamental band
gap energy and spin–orbit splitting energy respectively, EP de-
scribes the coupling energy between the conduction band Γ6
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and valence bands Γ7 and Γ8 and the corresponding values are
as shown in Table 1.

The heavy hole mass m∗hh is given by

m0

m∗hh
= γ1−2γ2, (7)

where m0 is the free electron mass, γ1 and γ2 are the Luttinger
parameters. The effect of band non-parabolicity is taken into
consideration in our calculations through using the energy-
dependent electron mass m∗NP given as

m∗NP = m∗e(1+αE), (8)

where α is the material-dependent non-parabolicity parameter
(0.0025 meV−1 [26]). The lowest energy of the electron (hole),
E, is obtained by solving the single particle Schrödinger equa-
tion using the electron (hole) bulk mass.

The electron (hole) effective mass, m∗j , is given by

m∗j =

{
m∗I , r < R,
m∗II, r ≥ R,

(9)

where m∗I and m∗II denote the reduced effective mass of the in-
ner dot and outer dot. The material parameters are given in
Table 1.

The strain effect inducing an extra potential field is in-
cluded in the present work. For the strained quantum dot
nanostructure, the confinement potential is measured as the
addition of energy offsets of the conduction band (or valence
band) and the strain-induced potential in all the computations.

The Schrödinger wave equation for the exciton within the
single band effective mass approximation is given by

HexcΨ(re ,rh) = EexcΨ(re ,rh), (10)

where Eexc is the energy and ψ is the wave function for the
eigen-energy of the system.

In the presence of a uniform magnetic field applied along
the z direction, the single particle Hamiltonian is written as

He(h) =− ∑
i=e,h

( h̄2

2mi(E)

[
∂ 2

∂ r2 +
2
r

∂

∂ r

]
+VD(ri)

)
− ih̄eB

2mi(E)c
∂

∂ϕ
+

e2B2r2

8mi(E)c2 . (11)

The ground state energy of an electron (hole) in a
parabolic quantum dot is estimated by variational method. We
have assumed the trial functions to be[27]

ψin(r) = Ain e−ξ r2, r < R,

ψout(r) =−Aout
e−δ r

r
, r ≥ R. (12)

Here Ain and Aout are normalization constants. The wave func-
tions and their derivatives at the boundaries of the quantum dot
are matched in order to fix the values of normalization con-
stants. The δ has been taken as the variational parameter in

this problem. The ground state energy of the conduction elec-
tron (hole) in a parabolic quantum dot in the external magnetic
field, Eexc, is obtained by minimizing the expectation value of
Hexc with respect to the variational parameter using Eq. (12).
The exciton binding energy in the presence of magnetic field,
Eexc(B) = Ee(h)(B) + γ − 〈ψ|Hexc|〉min, is obtained by varia-
tional method using the following trial wave functions with β

as the variational parameter

ψin(I)(r) = ψin e−β r, r < R,

ψout(I)(r) = ψout e−β r, r ≥ R. (13)

The magnetic field-induced interband emission energy Eph(B)
associated with the exciton is calculated using the following
equation:

Eph(B) = Ee +Eh +Eg−Eexc(B), (14)

where Ee and Eh are the confinement energies of electron
and hole respectively, and Eg is the band gap energy of
Ga0.2In0.8As material.

2.2. Nonlinear optical properties

The intensity of the exciton binding energy and the enve-
lope wave function are characterized by the oscillator strength
in any absorption spectrum.[28] The expression for the oscilla-
tor strength is given by

f =
Ep

Eexc

∣∣∣∣∫
V

ψexc(r)dr
∣∣∣∣2, (15)

where the Eexc is the exciton binding energy, Ep is the Kane
energy of InAs, and ψexc is the exciton wave function. The
oscillator strength increases with dot radius increasing. The
radiative life time can be calculated as[29]

τ =
2πε0m0c3h2
√

εe2E2
exc f

, (16)

where f is the oscillator strength as given in Eq. (15) and all
the other parameters are universal physical constants.

The results of oscillator strength and the radiative life
time are important in calculating the various linear and non-
linear optical properties. On the other hand, the dipole tran-
sition occurring between two energy levels must obey the se-
lection rules, i.e., ∆ l = ±1 where l is the angular momentum
quantum number. Further, the oscillator strength associated
with the dipole transition is given by

Pf i =
2m∗
h̄2 ∆E f i

∣∣M f i
∣∣2 , (17)

where ∆E f i = E f − Ei denotes the difference in energy be-
tween the lower and upper states. The matrix element, M f i =

2〈 f |𝑅|i〉 is defined as the electric dipole moment of the transi-
tion from i state to f state in the quantum dot. The matrix ele-
ment is important for the calculation of different optical prop-
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erties of the system related to the electronic transitions espe-
cially in low-dimensional semiconductor systems. The inves-
tigations of oscillator strength are important especially in the
study of optical properties, which is related to the electronic
dipole-allowed absorptions. In addition, the outcomes of the
nonlinear optical properties will be viewed as being related to
the fine structure of the optical absorption. Using the Fermi
golden rule, from which the total absorption coefficient can
be obtained, the expression for the optical absorption is given
by[30]

α(ω, I) = α1(ω)+α3(ω, I)

= ω

√
µ0

εr
Im[ε0χ1(ω)+ ε0χ3(ω)I], (18)

where µ0 is the permeability of the material, I is the incident
light intensity, εr is the real part of the dielectric constant, and
χ1(ω) and χ3(ω) refer to the linear and nonlinear contribu-
tion to the polarization with the same frequency of the incident
field.

The expression for the linear optical absorption coeffi-
cient is given by

α1(ω) =
4παfσs

nre2 h̄ω|M f i|2δ (E f −Ei− h̄ω), (19)

and the nonlinear optical absorption coefficient is expressed as

α3(ω, I) = −32π2αfσsI
n2

r e2h̄Γff
h̄ω|M f i|2δ (E f −Ei− h̄ω)

×
{

1− |Mff−Mii|2

4|M f i|2

×
[(h̄ω−E f i)

2−(h̄Γf i)
2+2E f i(E f i−h̄ω)]

E2
f i+(h̄Γf i)2

}
, (20)

where nr is the refractive index of the material that we have
taken, σs is the electron density of the quantum dot, ω is the
angular frequency of the incident photon energy, αf is the fine
structure constant, and Ei and E f denote the confinement en-
ergy levels for the ground and the first excited states, respec-
tively.

From Eqs. (19) and (20), the energy-conserving delta
function by the Lorentzian is given by

δ (E f −Ei− h̄ω) =
Γ

π{(E f −Ei− h̄ω)2 +Γ 2}
, (21)

where Γ is the line width of the exciton. Here, the value,
Γ = 0.1 meV, is taken into consideration. Further, the ho-
mogeneous spectral width due to the finite coherence time be-
tween the two energy levels is also taken into account for the
calculations.

The susceptibilities are related to the refractive index
changes as

∆n(ω)

nr
= Re

[
χ(ω)

2n2
r

]
, (22)

where nr is the refractive index of the material. The analytic
expressions of the linear and nonlinear changes in the refrac-
tive index are given by[31]

∆n(1)(ω)

nr
=

σse2

2εr
|M f i|2

h̄ω f i− h̄ω

(E f i− h̄ω)2− (h̄Γf i)2 (23)

and

∆n(3)(ω)

nr
=− µ0cI

4εrn2
r

σse4|M f i|4

[(E f ii−h̄ω)2+(h̄Γf i)2]2

×4|M f i|2(E f i−h̄ω)−
{
|Mff−Mii|2

×
[(E f i(E f i−h̄ω f i)

2−(h̄Γf i)
2(3(E f i−2h̄ω)]

E2
f i+(h̄Γf i)2

}
.(24)

Hence the total refractive index change is given by

∆n(ω)

nr
=

∆n(1)(ω)

nr
+

∆n(3)(ω)

nr
. (25)

The third-order nonlinear optical susceptibility χ(3) re-
lated to the optical mixing between two incident light beams
with different frequencies (ω1 and ω2) is expressed as[32,33]

χ
3(−2ω1 +ω2;ω1,−ω2)

=−2iNe4|µ|4

ε0h̄3
1

[i(ω0−2ω1 +ω2)+Γ ][i(ω2−ω1)+Γ ]

×
[ 1
[i(ω0−ω1)+Γ ]

+
1

[i(ω2−ω1)+Γ ]

]
, (26)

where µ refers to the dipole matrix element, defined as the
transition frequency ω0 = (E f −Ei)/h̄, and N is the number of
charge carriers.

3. Results and discussion
A parabolic InAs quantum dot embedded in a GaAs

material is considered in this problem. The results are ob-
tained for exciton binding energy, interband emission en-
ergy, Landé factor, and some nonlinear optical properties in
a Ga0.2In0.8As/GaAs-strained quantum dot in the presence of
magnetic field strength. The heavy hole mass has been used
throughout our calculations, for the heavy excitons are more
common in experiment. The confinement potential includes
the strain effect. The atomic units are adopted in determining
electronic charges and wave functions in which the electronic
charge and Planck’s constant are both assumed to be unity.
The measure of magnetic field, one gamma represents 0.497 T.

Figure 1 shows the plots of exciton binding energy ver-
sus dot radius of Ga0.2In0.8As/GaAs quantum dot for various
magnetic field strengths. The inset shows the corresponding
diamagnetic shifts of binding energy versus magnetic field
strength for three different dot radii of Ga0.2In0.8As/GaAs
quantum dot. It is observed that the exciton binding energy
strongly depends on magnetic field strength and geometrical
confinement. The exciton binding energy is observed to in-
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crease with the geometrical size of the quantum dot decreas-
ing. It is because the relative distance between the electron and
the hole decreases and the Coulomb interaction between them
is increased. The exciton binding energy still decreases for the
strong spatial confinement, which is due to the nature of un-
bound of exciton in that region.[34] Further, it is noticed that
the exciton binding energies are found to increase with mag-
netic field strength increasing for all the quantum dot radii,
however, the increase in exciton binding energy is less sensi-
tive for smaller dot radii. But the spatial confinement dom-
inates over the effects of magnetic field for the smaller dot
radii. On the contrary, the effects of magnetic field strength
are found to be more prominent when the dot radius increases.
The more nonlinear behavior for the larger dot is observed
in the insert in which the diamagnetic shifts increase with
magnetic field strength increasing for three different dot radii.
We present the variations of magnetic field-induced interband
emission energy with dot radius in a Ga0.2In0.8As/GaAs quan-
tum dot in Fig. 2. It is observed that the interband optical
transition energy is enhanced with the dot radius decreasing.
And the effect is more pronounced for the strong confinement.
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Fig. 1. (color online) Variations of exciton binding energy with the
dot radius of a Ga0.2In0.8As/GaAs quantum dot for various mag-
netic field strengths. The insert shows the corresponding diamag-
netic shifts of binding energy as magnetic field strength increases
for three different dot radii of a Ga0.2In0.8As/GaAs quantum dot.

Ga0.2In0.8As/GaAs

0 200 400 600 800 1000

0.6

0.8

1.0

Dot radius/A 

In
te

rb
a
n
d
 e

m
is

si
o
n
 e

n
e
rg

y
/
e
V

c: 2 T
d: 3 T 

b: 1 T
a: 0 T

b

c

d

a

Fig. 2. (color online) Variations of magnetic field-induced inter-
band emission energy with dot radius for various magnetic field
strengths in a Ga0.2In0.8As/GaAs quantum dot.

In Fig. 3, we show the variations of electron (hole) g-
factor with dot radius for various magnetic field strengths in
a Ga0.2In0.8As/GaAs quantum dot. The variation of the effec-
tive g-factor as a function of the band gap is obtained from
the bulk formula.[35] It is noticed that the effective electron
(hole) g-factor approaches to the bulk g value of InAs when
the dot radius decreases but the g-factor tends to become the
bulk values of the g-factor of GaAs for larger dot sizes. The
effects of the magnetic field make the values of the Landé fac-
tor increase. The magnitude of the hole g-factor seems to be
larger than that of the electron g-factor. It is noted that the
effective electron (hole) g-factor is enhanced with dot radius
increasing.[36]
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Fig. 3. (color online) Variations of electron (hole) g-factor with dot
radius for various magnetic field strengths in a Ga0.2In0.8As/GaAs
quantum dot.

We present the variations of theoretical exchange en-
hancement with dot radius for various magnetic field strengths
in a strained Ga0.2In0.8As/GaAs quantum dot in Fig. 4. The
exchange enhancement of J with respect to the bulk value
of exciton in the quantum dot is brought out here by con-
sidering the overlap integral between electron and hole wave
functions. It is noticed that the exchange enhancement is en-
hanced as dot radius decreases. The exchange enhancement is
found to increase as exciton confinement increases. A sudden
decrease in exchange enhancement is observed in the weak
confinement region due to the tunneling of the wave function
through the barrier. A similar behavior has been investigated
earlier for GaAs and InGaAs quantum wells.[37] It is observed
that the exchange splitting energy increases as dot radius de-
creases and it is more pronounced for smaller dots. And this
energy increases as the alloy content value increases due to
the strain contribution and the geometrical confinement for the
smaller dots, and the results qualitatively resemble the previ-
ous results.[37]

Figure 5 shows the variations of oscillator strength with
dot radius for various magnetic field strengths in a strained
Ga0.2In0.8As/GaAs quantum dot. The oscillator strengths are
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observed to increase with dot radius increasing for all the mag-
netic field strengths. From Eqs. (15) and (16), it follows that
the oscillator strength purely depends on effective mass, con-
sequently the smaller the effective mass, the larger the oscilla-
tor strength. The radiative exciton lifetime decreases with dot
radius increasing. Thus, the oscillator strength is expected to
decrease as the quantum size effect is dominant.
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Fig. 4. (color online) Variations of theoretical exchange enhance-
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strained Ga0.2In0.8As/GaAs quantum dot.
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Fig. 5. (color online) Variations of oscillator strength as a func-
tion of dot radius for various magnetic field strengths in a strained
GaxIn1−xAs/GaAs quantum dot.

Figure 6 shows the variations of total absorption co-
efficient of an exciton with photon energy in a strained
Ga0.2In0.8As/GaAs quantum dot with a 50-Å dot radius for
different values of magnetic field strength. It is observed that
the absorption coefficient peak shifts towards the higher pho-
ton energy as the magnetic field increases with the value of ab-
sorption coefficient decreasing. The results show that resonant
peak shifts towards the blue region under an applied magnetic
field. It is because that the spacing between the energy lev-
els increases with additional confinement due to the magnetic
field.[38] Dipole matrix element and the difference between the
energies are two important parameters involved in calculating
the oscillator strength. When the energy of photon is equal
to the intersubband transition energy, a large value of dipole

matrix element occurs, and the dielectric constant of the semi-
conductor material eventually changes the index of refraction
and absorption coefficient. It can be attributed to the enhance-
ment of nonlinear optical property.
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Fig. 6. (color online) Variations of the total absorption coefficient
of an exciton with photon energy in a strained Ga0.2In0.8As/GaAs
quantum dot with a 50-Å dot radius for different values of magnetic
field strength.

In Fig. 7 the variations of change of refractive index
with photon energy are presented for different magnetic field
strengths in a Ga0.2In0.8As/GaAs with a constant dot radius of
50 Å. The refractive index is related generally to the intersub-
band transition energy and it contains two components of the
refractive index, namely linear and nonlinear terms. We have
observed that the change of refractive index increases with
magnetic field strength. Also, it is observed from Eqs. (19)
and (20) that the linear relative change of the refractive index
does not depend on photon intensity but the third-order rela-
tive change of the refractive index changes with photon inten-
sity and it varies quadratically with the matrix element of the
electric dipole moment of the transition. Thus, the nonlinear
term must be considered when calculating the refractive index
change of quantum dot systems.[39]
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Fig. 7. (color online) Variations of refractive index changes with
photon energy for three different magnetic field strengths in a
Ga0.2In0.8As/GaAs with a constant dot radius of 50 Å.
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Figure 8 displays the variations of third-order susceptibil-
ity of the third harmonic generation with photon energy un-
der different magnetic field strengths in a Ga0.2In0.8As/GaAs
quantum dot with h̄ω0 = 50 meV. It is observed from the fig-
ure that the resonant peaks occur twice. It is known that the
relaxation time has a stronger dependency on the third-order
susceptibility. The magnitude of the third-order susceptibility
is found to be higher for longer relaxation times. Further, it
is found that the magnitude of the third-order susceptibility
of third-order harmonic generation increases with magnetic
field strength increasing. Eventually, the damping factor de-
termines the lifetime of the exciton in the confined state.[40]

Hence it is concluded that the relaxation time and the external
magnetic field strength have a greater influence on the third-
order susceptibility of the third harmonic generation.
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Fig. 8. (color online) Variations of the third-order susceptibility
of the third harmonic generation with photon energy for different
magnetic field strengths in a Ga0.2In0.8As/GaAs quantum dot with
h̄ω0 = 50 meV.

4. Conclusions
In this paper, the heavy hole excitonic states and some

nonlinear optical properties in a strained Ga0.2In0.8As/GaAs
quantum dot have been discussed in the presence of mag-
netic field strength. The anisotropy, non-parabolicity of the
conduction band, and the geometrical confinement are taken
into account in the calculations. The magnetic field depen-
dence of effective excitonic g-factor as a function of dot ra-
dius is investigated numerically. The interband optical transi-
tion energy as a function of magnetic field strength and spa-
tial confinement is obtained. The oscillator strengths of inter-
band transition under the geometrical confinement, the heavy
hole excitonic absorption spectra, changes of refractive index,
and the third-order susceptibility of the third harmonic genera-
tion are obtained under various magnetic field strengths in the
GaxIn1−xAs/GaAs quantum dot. We believe that the obtained

optical results can stimulate further research work on optical
devices such as infrared red lasers.
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