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§  Technological development requires smaller and faster machines, so, 
Nanoscience and Nanostructures became a rich field for researchers. 

§  Nanostructures are those whose  one or more dimensions are in Nano-scale, 
which are: 

Ø  Quantum Wells QW’s. 

Ø  Quantum Well Wires QWW’s. 

Ø  Quantum Dots QD’s. 
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§  QD’s are Nanostructures that confine the carriers (electrons and holes) in 

three spatial dimensions. 

§  Due to this confinement the energy spectra of these electrons are fully 

quantized. 
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§ QD’s are sometimes called artificial atoms. 

Ø 2-10 nm in diameter(10-50)atoms in diameter. 

Ø about 100-10000 atoms per cluster. 
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§  QD’s properties can be manipulated and controlled by different methods, 
this is why they are used in many applications such as: QD lasers, Solar 
Cells, Single Electron Transistors , Quantum Computers and in Spintronics 
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§  QD size, shape, number of electrons and temperature have been being 

controlled, and their effects on energy spectra and so on QD properties 

have been investigated. 

 

§  More over, the presence of a donor impurity in the QD in addition to electric 

and magnetic fields, and RSOI  can alter the performance of QD’s and their 

properties. 
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§  Using the exact diagonalization method to solve the Hamiltonian of a 
donor impurity in a 2-D QD in the presence of uniform magnetic field 
and tilted electric field, in addition to temperature and rashba effect, 
confined in parabolic confinement potential. The complete energy 
spectra will be calculated as a function of QD physical parameters:  

Ø Confinement frequency ω0 

Ø Strength of magnetic field B. 

Ø Strength of electric field F. 

Ø Tilt angle θ. 

Ø Temperature T.   

Ø RSOI coupling α. 
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§ Calculating the dependence of  QD’s: 

Ø Magnetization (M) on :  𝜔↓0  , B, F, θ , T and α. 

Ø Susceptibility (𝜒) on : 𝜔↓0 , B, F, θ , T and α. 

Ø Heat Capacity (𝑪↓𝒗 )  on:  F and α 
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Nano magnetism 
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§  The Hamiltonian of a QD in 2-D, is given by:  

𝐻 = 1/2𝑚↑∗  𝑃↑2  +𝑉(𝑟) 

§  It is affected by several parameters : 

Ø  Magnetic field. 

Ø  Impurity presence. 

Ø Tilted applied electric field. 

Ø Rashba Spin Orbit Interaction ( V R). 
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§  Spin(s) of an electron makes it a magnet. 

§  Orbital motion(L) of the electron makes it a magnet too. 

§  These two magnetic moment can interact or’couple’ and cause energy level 
splitting.( lifts degeneracy)  



§  RSOI effect is represented by the potential VR , where:

Ø 𝑉↓𝑅 = 𝜎↓𝑧  𝛼 𝑑𝑉/𝑑𝑟  [−𝑖 1/𝑟  𝑑/𝑑𝜙 + 𝑒 𝐵 𝑟/2ℏ ] 

Ø And, H(R) = 𝜶/ћ  ( 𝝈 × 𝒑 ) 
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§  The Hamiltonian of 2-D QD  with the previous mentioned parameters can be 
written as: 
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H= −ℏ↑2 /2m↑∗   𝛻↑2 + 1/2  m↑∗  ω↓0↑2  𝐫↑𝟐 + 1/8  m↑∗  ω↓c↑2  𝐫↑𝟐 − e↑2  /ϵr +eF𝐫 sinθ cosϕ 
         + 1/2  ℏ 𝜔↓𝑐 𝐿↓𝑧 +[2𝑠𝛼𝑚↑∗  𝜔↓𝑐 𝜔↓𝑜↑2 /ℏ  ]𝐿↓𝑧 + [2𝑠𝛼𝑚↑∗  𝜔↓𝑐 𝜔↓𝑜↑2 /ℏ  ]𝒓↑2   



This Hamiltonian can be rewritten as: 

H = H0 + H1 

Where:  

 

 

 which is a harmonic oscillator type which has known Eigen energies 𝐸↓𝑛,𝑚 
and Eigen functions Ψ↓𝑛,𝑚 .  with effective frequency 𝜔↓█𝑒𝑓𝑓�  ,where:  

Ψ↓𝑛𝑚 = 𝑁↓𝑛𝑚   𝑒↑𝑖𝑚𝜙 /√�2𝜋   (𝛽𝑟)↑|𝑚|  𝑒↑− 𝛽↑2   𝑟↑2 /2    𝐿↓𝑛↑|𝑚| ( 𝛽↑2  𝑟↑2 )  
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𝐻↓0 = − ℏ↑2 /2𝑚↑∗   𝛻↑2 𝑟+ 1/2  𝑚↑∗  𝑟↑2 [1 /2  𝜔↓𝑐↑2 + 𝜔↓0↑2  [1+ 2𝑠𝛼𝑚↑∗  𝜔↓𝑐 
𝜔↓𝑜↑2 /ℏ ]] 

𝐸↓𝑛𝑚 =(2𝑛+ |𝑚|+1 )ℏ 𝜔↓𝑒𝑓𝑓  
𝜔↓𝑒𝑓𝑓 = 1/4  𝜔↓𝑐↑2 + 𝜔↓0↑2  [2𝑠𝛼𝑚↑∗  𝜔↓𝑐 /ℏ ] 



§  And : 

𝐻↓1 =− 𝑒↑2  /𝜖𝑟 +𝑒𝐹𝑟 𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜙+[1/2  ℏ 𝜔↓𝑐  + 2𝑠𝛼𝑚↑∗  𝜔↓𝑐 𝜔↓𝑜↑2 /ℏ  ]𝐿↓𝑧  

 

The  total QD-Hamiltonian  cannot be solved analytically. 
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§  To solve the whole Hamiltonian, exact diagonalization method is used. 

§  Exact diagonalization method consists of calculating the Hamiltonian matrix 
elements : 

where we have constructed a is 72 x 72 matrix after we’ve guaranteed the  
convergency. 

§   Then diagonalizing the matrix : 

∑𝑛𝑚↑▒[𝐻↓𝑛𝑚, 𝑛↑′ 𝑚↑′  − 𝐸↓𝑛𝑚 𝛿↓𝑛𝑛↑′  𝛿↓𝑚𝑚↑′  ]=0     
§  Then, the secular characteristic equation is: 

𝐷𝑒𝑡[𝐻↓𝑛𝑚, 𝑛↑′ 𝑚↑′  − 𝐸↓𝑛𝑚 𝛿↓𝑛𝑛↑′  𝛿↓𝑚𝑚↑′  ]=0 
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𝐻↓𝑛𝑚, 𝑛↑′ 𝑚↑′  = Ψ↓𝑛𝑚 �𝐻� Ψ↓, 𝑛↑′ 𝑚↑′    



§   Writing 𝐻↓𝑛𝑚, 𝑛↑′ 𝑚↑′   in simple closed form, to reduce computation time 
(using  Rydberg units) and following several steps, most important using the 
relation: 
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Then diagonalizing the matrix, and extracting the lowest energy Eigen values using 
Mathematica computer package 



The computed results of total energy eigenvalues are used to investigate: 

1) the magnetization dependence on QD parameters ω0 , B, F, θ,T and 𝛼, 
using: 

 

 

 

Where:  ⟨𝐸(𝐵, 𝐹, 𝜃, 𝑇, 𝜔↓0 , 𝛼)⟩  is the statistical energy of the QD : 

 

〈E(B, F, θ, ω↓0 ,α, T )〉= ∑j=1↑N▒E↓j  e↑− E↓j /K↓B T   /∑j=1↑N▒ e↑− E↓j /K↓B T     
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𝑀(𝐵, 𝐹, 𝜃, 𝑇, 𝜔↓0 , 𝛼)=− 𝜕⟨𝐸(𝐵, 𝐹, 𝜃, 𝑇, 𝜔↓0 , 𝛼)⟩/𝜕𝐵  



 2) The QD magnetic susceptibility  dependence on  ω0 , B, F, θ,T and 𝛼, using: 
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χ(𝐵, 𝐹, 𝜃, 𝑇, 𝜔↓0 , 𝛼)= 𝜕〈M(B, F, θ, ω↓0 , α , T〉/𝜕B  



3) Heat capacity (𝐶↓𝜈 ) using: 

 

C↓ν = 𝜕〈E(B, F, θ, ω↓0 , α , T〉/𝜕T  
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24 Fig. 1: Statistical Energy against 𝜔↓𝑐  with (dot dashed line)/without (solid line) 
RSOI, 
            𝜔↓0 = 2 R*, F = 4.8 R* , θ = 60, T= .01 K. 



25 Fig. 2: Magnetization vs 𝜔↓𝑐 with different F values (F= 4.8 R* for solid line, = 7 R* for 
dashed line) 
            with 𝜔↓0 =2 R*, T = 0.01 K, θ = 



26 
Fig. 3: Susceptibility vs ω↓c  with different F values (F= 4.8 R* for solid line, = 7 R* for 
dashed line), 
             with 𝜔↓0 =2 R*, T = 0.01 K, θ =60 0 
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Fig. 4: Heat Capacity against T with different values of RSOI coupling strengths α (α= 20 
meV.nm for 
             dashed line, = 50 meV.nm for dotted line) with F =4.8 R*, ω↓0  =2R* and θ = 60. 
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§  The Hamiltonian of donor impurity in QD under the effect of: B, F, θ, T and α 

under parabolic confinement has been solved using EDM. 

 

§  <E> , M and 𝜒 are computed as function of : B, F, θ,	T, 𝜔↓0  and α. 
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§  It is found  that: 

Ø  Increasing F lowers <E> , making M decreases at low 𝜔↓𝑐  and increases at 
high 𝜔↓𝑐  more rapidly. 

Ø 𝜒  is affected making transition from diamagnetic regime into paramagnetic   is affected making transition from diamagnetic regime into paramagnetic 
one at lower values of  𝜔↓𝑐  . 

 

§  The dependence of M and 𝜒 on : T,𝜃, 𝜔↓0  and 𝛼  had been illustrated. 
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§  The influence of F and RSOI on heat capacity had been studied. 

 

In future, our plan is to investigate more in the field of spintronics… 
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