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Abstract
This paper reports a recent study on the diamagnetic susceptibility,
polarisability and photoionization cross section (PCS) of a single
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General formalism (2)

Results (2)

dopant in GaAs core/shell Quantum Dot. The numerical calculations
are performed for GaAs with Spherical and cylindrical shape,

A/ Diamagnetic Susceptibility

considering the position of the impurity and an infinite deep potential.
Our numerical calculations reveal that all these fundamental
parameters are deeply dependent on the core and shell radii The
results show that the diamagnetic susceptibility increases with the

The diamagnetic susceptibility χ dia of the donor
impurity in a spherical core/shell semiconductor
quantum dots, in atomic unit (a.u), is given by

reduction in dot sizes, strongly depends on size of the nanostructure,
decreases with increasing the quantum dot size and tends towards
the bulk limit (-1,1 a.u.). The study of the localization of the impurity
inside the core/shell indicates that the Stark shift is more important
when the impurity is positioned at the core/shell center and becomes

less important when the donor moves toward the boundaries of the
shell layer. In order to understand the optical responses during the
photoionization of the donor dopant, we investigated the PCS under
electric field, ionized donor position, and core/shell sizes.

where c is the velocity of light and
is the mean square distance of the electrons from
the nucleus.

B/ Polarizability
The polarizability can be calculated from the
dipole moment and is defined as:

Keywords: core shell Quantum Dots , Diamagnetic Susceptibility,
polarizability, photoionization cross section, Magnetic Field, Impurity.

Where Z= rcos(θ)-d.

1
Generalformalism
formalism(1)
(1)
General
We consider a donor Impurity located at the
Let us
consider
a hydrogenic
located
anywhere
position
r0 of
a sphyricalimpurity
quantum
dots [GaAs
/ in
the shell
region
of aconfining
core/shellpotential
quantumwell
dot,issubjected
GaAlAs].
The
assumedto
an external
magnetic
fieldwell.
B, along the z-direction. In the
to an infinitely
deep
effective mass approximation, the Hamiltonien of the
system is written as:

C/ Photoionization cross section (PCS)
In the dipole approximation, the PCS can be
written as:

3
Results (1)

In the effective mass approximation, the
Hamiltonien of the system is written as:

Where:
Where
W=eFcos(θ) correspond to the dipolaire
electrostatic energy where e is the charge of the electron.
the confining
potential.
Vw(r ) isV(r)
the is
confining
potential:

H0: is the Hamiltonian in the absence of the
electric field given by:

Fig. 1: The variation of the diamagnetic susceptibility as a
function of the ratio RC/RS , in the absence of the magnetic field..

5
Discussion and Conclusion
Figure 1 : We note that the absolute diamagnetic susceptibility
increases with the increase in RS. When the ratio RC/RS varies
between 0 and 1, the diamagnetic susceptibility in value
presents a minimum for the different sizes of the quantum Dot.
In addition, when RC/RS tends towards 1, the diamagnetic
susceptibility in value converges towards a limit 1a.u which
corresponds to a narrow 2D quantum well.
figure 2 : We note that for large quantum dots, geometric
confinement begins to decrease and the effect of the magnetic
field appears as the ratio RC/RS and therefore its increase leads
to a reduction in absolute diamagnetic susceptibility and its
effect becomes more intense when the ratio RC/RS tends
towards 1.
figure 3 : It can be seen f that: for large values of the ratio
RC/RS (small value of RS ), the geometric confinement is
strong and the wave function of the electron is highly localized
and the electric polarizability of the impurity becomes less
important and is relatively insensitive to the change of outer
radius b of the CSQD; however, for small values of the ratio
RC/RS (great value of RS), the effect of electric field dominates.
The polarizability is strongly depend of the size of CSQD.
Therefore the polarizability decreases with increasing RC/RS
ratio.
figure 4 : We note that for a fixed core radius RS, the PCS

Where
reD = 𝑟 2 + 𝐷 2 − 2𝑟𝐷𝑐𝑜𝑠θ
The donor impurity ground state wave function is a solution
of the Schrödinger equation:

Fig. 4: PCS of donor impurity as the function of the incident
photon energy for different values of the outer radius b=1,2,3,4 a0.

Fig. 2:Variation of the diamagnetic susceptibility as a function of
the ratio RC/RS for various values of the magnetic field.

In a system of
reduced
units the Hamiltonian of
𝐻ψ(𝑟)
= 𝐸ψ(𝑟)
an electron bound to a donor impurity in the dot
ball is given by:

shows a peak at the threshold frequency of the incident photon
energy and the resonant peak is obtained when ℏ𝜔 =Eb. In
addition, when the shell thickness (RS - Rc) decreases, the
resonant peak decreases as well and the threshold frequency is
blue-shifted because of the increasing binding energy caused
by confinement. Note that both the peak intensity and the
threshold frequency relies both on the shell thickness tS= RS - Rc
as well as on the shell radius RS.
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coordinates (r,,) is written as:

Fig. 3: The polarizability as the function of the ratio RC/RS of
the CSQD for different values of outer radii RS, for f=0.2
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