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This study presents a simple model within the

effective mass approximation to describe the

magnetic field impact on the energy structure and

interband optical quantum transitions in type-II

ZnTe/CdSe and CdSe/ZnTe spherical quantum

dots. The dependencies energy spectra and wave

functions of an electron and hole on the magnetic

field are calculated by the diagonalization method

for spherical quantum dots different sizes.

INTRODUCTION

In order to investigate the magnetic field effect on the electron energy spectrum and wave functions in the nanosystem with

impurity it is necessary to solve the Schrodinger equation with the Hamiltonian

(1)

where is the vector potential, Ue,h(r) is the confining potential.

Ue,h(r) for CdSe/ZnTe has forms

(2)

In order to solve the equation (1), the wave functions are expanded over the complete set of exact functions obtained 

without external fields [1-2].

(3)

To determine the coefficients  and energy spectrum Ejm we obtain the secular equation

(4)

electron and hole wave functions

THEORETHICAL  FRAMEWORK

𝐻 = Ԧ𝑝 −
𝑒

𝑐
Ԧ𝐴

1

2𝜇(𝑟)
Ԧ𝑝 −

𝑒

𝑐
Ԧ𝐴 + 𝑈𝑒,ℎ

𝑐𝑛𝑙
𝑗𝑚

𝐻𝑛ℓ,𝑛′ℓ − 𝐸𝑗𝑚𝛿𝑛,𝑛′𝛿ℓ,ℓ′ = 0

RESULTS AND DISCUSSION

1. It is shown that the ground state of a quasiparticle localized in outer shell of a spherical

nanosystem (an electron in a ZnTe/CdSe nanosystemand a hole in the CdSe/ZnTe nanosystem)

with increasing magnetic field inductionis successively formed by the lowest energy states with

|m|=0, 1, 2...(Aaronov-Bohm effect)

2. When the intensity of the magnetic field increases, the energy of the quantum

transitionbetween the electron and hole ground states increases

3. The overlap of wave functions decreases as the size of the core of the nanosystem

increases,and when the magnetic field increases, it has a non-monotonic dependence: slowly at

firstdecreases, and then sharply increases
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Fig. 2. Dependence of electron and hole energy in different 

statesin ZnTe/CdSe and CdSe/ZnTe nanosystems from the 

magnetic field strength.

Fig. 1. Geometrical and potential shemes

of CdSe/ZnTe and ZnTe/CdSe QDs

𝑈ℎ(𝑟) = ቐ
𝑉ℎ, 0 < 𝑟 ≤ 𝑟0
0, 𝑟0 < 𝑟 ≤ 𝑟1
∞, 𝑟 > 𝑟1

𝑈𝑒(𝑟) = ቐ
0, 0 < 𝑟 ≤ 𝑟0
𝑉𝑒, 𝑟0 < 𝑟 ≤ 𝑟1
∞, 𝑟 > 𝑟1

𝐻 = ∇
ℏ2

2𝜇𝑒,ℎ 𝑟
∇ +

𝑒𝐵

൯2𝑐𝜇𝑒,ℎ(𝑟
𝐿𝑧 +

𝑒2𝐵2𝑟2𝑠𝑖𝑛2𝜃

൯8𝑐2𝜇𝑒,ℎ(𝑟
+ 𝑈𝑒,ℎ 𝑟

0 10 20 30

0,10

0,15

0,20

0,25

0,30

0,35

0,40

|M
1

1
(B

)|
2
 *

 1
0

3

B, T

  r0=10 nm   r1=15 nm

  r0=12 nm   r1=17 nm

  r0=15 nm   r1=20 nm

Fig. 3 Dependence of the overlap of the electron and hole wave

functions in the |10> states in the ZnTe/CdSe nanosystem with

different core radii on the magnetic field strength.

Impact magnetic field on the electron and hole wave functions
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