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Abstract 

The mechanism of electron-hole interactions of the exciton system in GaAs and GaAlAs, semiconductors could be described 

by the quantomechanical approaches. The main study based on a two-body Coulomb system comprising electron-hole in an 

external magnetic field. Todays, modern technology allows semiconductor nanostructures like quantum dots and quantum 

wires to be synthesized in which a finite number of electrons are confined in a bounded volume of the order of atomic sizes. 

Controlling over the properties of exciton system is very important in spintronics technology. As electron-hole have spin, so in 

the external magnetic field we should present new quantum characteristics like different spin 1/2 and 3/2. On the other hand, 

exciton system separated on bright (electron-light hole system) and dark quasi-systems. A dark exciton is a quasi-system 

formed from a single electron bound to a single heavy hole with spin projection ± 3/2. Based on spins interactions in electron-

hole system, we got too many different states in bounding electron with different type of hole that given us new characteristics 

in exciton system. The characteristics of this type of fundamental excitation, if confined inside a semiconductor, could be 

advantageous in modern spintronics technology and future super computers. As we know electron/hole with spin ± 1/2 are 

scalar charged particles. The description of the bound state characteristics of dark exciton is one of the main interesting 

subjects in quanto-optical mechanics; therefore calculation of relativistic corrections becomes necessary. We will consider this 

problem, according to the asymptotic behavior of the loop function in the scalar electrodynamics field and method oscillator 

representation in quantum physics. The method presented in this paper considers relativistic with Coulomb interaction. This 

work paves the way for the exploration of the fundamental properties and of the potential relevance of heavy-hole spin in 

quantum technologies. Therefore, according to the basis investigation of the asymptotically behavior of the loop function of 

scalar particles in the external electromagnet field and quantum field theory (QFT), the theoretical information on the exciton 

exotic quasi-system’s Hamiltonian, including the relativistic (spins) and nonperturbative effects were described.  
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1. Introduction 

We describe the creation of spins interactions in the dark 

exciton by using QFT methods and determine how 

relativistic and quantum characters of particles could be 

effect on bounding states and give new characteristic in 

nanoscales devices [1-3]. Quanto-optical properties and 

effects of dark exciton are crucial in spintronics technology 

[3, 4]. We investigate the relationship between the spins and 

relativistic structures effects in total Hamiltonian. The 

exciton binding energies and quanto-optical interactions in 

semiconductors will be described based on Coulomb 

interactions and principles calculations based on the 

oscillator representation method (ORM), functional path 
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integral theory and using Green’s functions [5-7]. Our results 

clearly show that relativistic interactions are the important 

parameters to determine exact and total eigenvalue of 

Hamiltonian interactions in exciton bound state. These 

effects are quantized by electronic structures obtained from 

the quantum theory; thus, our approach can be applied to 

understand the heavy hole effects in complex semiconducting 

materials. The result of the relativistic and electrostatic 

Coulomb interactions between electrons and holes because of 

the requirement that the wave function of a pair of electron-

holes be symmetric or anti-symmetric with respect to the 

interchange of electron-hole coordinates and spins become 

spin-dependent. If the electron-hole spins are parallel, we 

have dark exciton system in the opposite case, when the spins 

are antiparallel will have bright exciton bound states or 

exciton-polariton system. Therefore in spintronics theories, 

parallel and antiparallel spins have different and separated 

characteristics in space or inside semiconductors. Therefore, 

the description of the electron and heavy-hole is one of the 

general problems in spintronics technology and theoretical 

quantum information subjects. This bound state is studied in 

QED by many authors. To exact description and find 

electron-hole bound characteristics, we need introduce with 

new methods based on QFT, nonrelativistic quantum 

electrodynamics and relativistic quantum dynamics. In this 

case, we try to study electron-hole bounding system based on 

QFT and ORM [5-8] One of the corrections in QFT and QED 

can be classified as quanto-optical effects that exit from 

relativistic character of nanoscale systems [11-12] At present 

the technical achievements in spintronics technology make it 

possible to create the exotic electron-hole systems with both 

conduction and valence band edge hole states. However, the 

interactions is not strong because of small range of the 

Coulomb coupling constant (α= 1/137), the calculation of 

relativistic corrections is not necessary. But it is better to 

study relativistic effects on electron-hole bound states [11, 

12]. So the subjects of the relativistic nature interaction and 

total Hamiltonian within the frame work of the 

phenomenological potential model of fermions based on QFT 

and QED will be describe and determined in this paper. We 

will consider these subjects (spins interactions), according to 

the asymptotic behavior of the loop function in the scalar 

electrodynamics field and ORM in quantum physics.  

2. Origin of Spins Interactions 
Hamiltonian 

Determination the energy spectrum and eigenvalue of the 

total Hamiltonian of systems that contain of nonrelativistic, 

spins, nonperturbative and perturbative Hamiltonian usually 

are described by the Schrödinger equation with a special 

potential [12-14]. The basic subject in exotic and non-exotic 

bound states system is to complete solution of this equation 

for the Coulomb potential. One of the methods is ORM. In 

ORM a wave function is expanded over the oscillator basis in 

which coordinate and momentum are expressed through the 

creation and annihilation operators [5-6]. The ORM in the 

nonrelativistic/relativistic Schrödinger equation is proposed 

to calculate the energy spectrum for central symmetric 

potential allowing the existence of bound state. The method 

applied to describe and calculate the energy spectrum and 

spin interactions coefficients of exotic bound systems in 

Coulomb potential (for details see [7-9]). It is well known 

that for determining the energy and these coefficients one 

should determine the eigenvalue of the each Hamiltonian 

interaction with Coulomb potential in the one equation that 

named total Hamiltonian of bounding system. For this aim 

we consider the Schrödinger equation for the wave function 

of orbital excitation because of include spins interactions. For 

the Coulomb potential the asymptotic behavior of wave 

function at large distance, is known [10-12]. Therefore we 

just modify the variables in the Schrödinger equation by 

substituting new parameters that describe new space of 

interactions and give us some conditions that we could find 

total Hamiltonian based on QFT and ORM. So the 

nonrelativistic/relativistic Schrödinger equation in oscillator 

representation method for the Coulomb potential will be 

obtained. The result of Coulomb energy spectrum in the zero 

approximation of oscillator representation for electron-hole 

system was determined and it is in good agreement with the 

exact values. In relativistic limit, the total Hamilton of 

particles should be determined through surveying spin-spin 

and spin-orbital effect between particles in electron-hole 

system in a quantum dots. Hence, force between electron-

hole is the force which is result of holes effects, quadrupole 

forces and the force resulted from electron and holes relative 

movements. To have simplicity, we have only considered the 

potential resulted from first two forces. So final potential in 

quantum dots will be equal to vector potential resulted from 

uni-photon transaction and the potential resulted from 

electrons’ confinement and spin effect. Therefore spins 

interactions using ORM with moving to spherical 

coordination system would be determined. Spins interactions 

and equations formed by two scalar particles are provided in 

1991, so we will use them for electron-hole spins interactions 

in dark exciton. Spins interactions in exciton are a 

phenomenon that manifest in lifting the degeneracy of 

electron-hole energy levels in semiconductors. In 

semiconductor quantum dots, the relativistic Schrödinger 

equation is frequently used as a first approximation in 

electron-hole structures. Relativistic Hamiltonian interactions 

lead to describe spins interactions and nonperturbative 

correction via relativistic effects of bounding states. 
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Therefore spins interactions and new added part to the total 

Hamiltonian can be included as a relativistic correction to the 

Schrödinger equation [9]. For this purpose one has to 

consider the equation, which is the basic equation in 

spintronics physics, including the electron-hole spins and its 

nonperturbative-relativistic behavior in semiconductors.  

3. QFT and Interactions 

We can determine characteristic and principals of 

fundamental particles effects by using usual field theories 

and characteristics. But when particles interact to each other 

usual theories could not completely describe interactions. 

Hence, we have to examine more complicated theories that 

include interaction terms and interaction space like QED, 

QCD and etc. This theory in micro-world is sum of QFT, 

QED and QCD (for colored particle). QFT and QED are the 

mathematical framework for all elementary particle physics. 

They are the powers theories for describing interactions 

between charged particles in electromagnetics field. As we 

know relativity characteristic is inside the total Hamiltonian 

of fundamental particles interactions. On the other hand, 

relativistic correlation is in the particle’s wave function. 

Description of relativistic characteristic in charged 

interactions like electron-hole, electron-positron and etc., will 

be based on QFT and QED that exist in the total Hamiltonian 

interaction. Relativistic Hamiltonian is more appealing for 

describes all interactions of spins. Spin–spin and spin-orbital 

coupling is a main relativistic effect and essential for the 

calculation total Hamiltonian. In dark exciton system 

containing electron and heavy-hole the effects on total 

Hamiltonian affected by spins coupling tend to have the 1/2 

and 3/2 order of magnitude as those caused by electron-hole 

correlation. Therefore, the starting points for all theoretical 

calculations are the relativistic quantum mechanical equation 

of motion, for electrons and holes. In the paragraph we have 

briefly presented an alternative approaches to obtain the 

exact total Hamiltonian interactions in dark exciton system 

and described relativistic Hamiltonian and relativistic effects 

of two particles. In a rather informal sense QFT and QED are 

the extension of quantum mechanics and electromagnetics, 

dealing with charged particles, over to fields. These will take 

the form of higher order terms in the Lagrangian and 

Hamiltonian interactions. So many parameters like 

perturbation and relativistic effects, we can add to the 

interaction principals via QFT/QED and its methods. QFT is 

a theory that is useful for understanding exact aspects of 

bound states system in particle physics. In this paper we will 

determine relativistic Hamiltonian and spin coefficients 

based on QFT and ORM [5-9], which have the start point 

method on using functional path integrals and 

creation/annihilation operators. 

4. Nonperturbative and Spins 
Hamiltonian 

In general exciton is relatively a stable structure and has a 

relatively long lifetime (ps to ns), and is important from 

physical & technological points of view especially in 

spintronics technology. Nowadays, many academics think 

that exciton family (dark exciton, bright exciton, diexciton, 

positive trion and negative trion) become engineers’ toy in a 

few years. In this section we define and describe Hamiltonian 

of electron-hole interactions and determine spins or 

nonperturbative effects in dark exotic exciton system in a 

semiconductor. As we know, absorption of energy by 

electrons in semiconductor can describe as immigration of 

activating electron from capacity band to conductive ban. 

Electron moves to conductive band and establish a 

connection with its position in capacity band under Coulomb 

potential gravity (hole: hole with positive charge). Electron 

and the heavy-hole with ±3/2 projection of spin start to spin 

around each other and create a dark exciton system. 

Interaction, bound state effects, spin effects and particles’ 

complementary effects are explained through electrostatic 

forces, electron relative potential and relativistic correlations 

which result to formation of related electromagnetic field 

between electron and hole. Schrödinger equation for exciton 

system is [15-19]: 

HΨ = EΨ	                                   (1) 

H = H���	
. + H����	
.H����� + ΔH�  

Now, based on QFT, QED and QRM, we will present the 

alternative method to describe the spin properties of the 

exotic exciton bound state systems by using the investigation 

of the asymptotic behavior of the polarization loop function 

for electron-hole in an electromagnetic field. The relativistic 

and spins interactions are determined via eigenvalues of 

nonrelativistic and relativistic Hamiltonian in which the 

kinetic energy term is defined by the constituent mass of 

bound state, and the potential energy term is determined by 

Feynman diagrams. The eigenvalues of 

nonrelativistic/relativistic Hamiltonian derived from the 

Schrödinger equation are used for determination of the mass 

and constituent mass of the bound state systems and QFT 

teqnics which are based on the asymptotical behavior of 

scalar-charged particles in external gauge field. So, loop 

function of particles with different masses is considered by 

averaging on external statistical field and using the Green’ 

function relation in QFT. The polarization operator in an 

external electromagnetic field for electron-hole looks like 

[17, 18]: 

Π	�� − �� = 〈����, �|����∗��, �|��〉                  (2) 
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The Green function ���, �|��  for electron-hole system is 

determined from equations: 

!"# $$� + %&ℏ����(
) + &)*�)ℏ) + ���, �|�� = ,�� − �� 

-.# //0 + 12ℏ����3) + 24564ℏ4 7 �∗��, �|�� = ,�� − ��   (3) 

For determination of the spins Hamiltonian interactions of 

the electron-hole exotic system based on QFT, we should 

define this part of interaction through the exciton mass. In 

QFT the mass of the bound state is usually defined through 

the loop function (x y)Π − . Correlation between mass and 

loop function is  

8 = − lim|0<=|→? @AB	�0<=�|0<=|                    (4) 

and loop function for electron-hole system in the determine 

as following way  

Π��� = C C DEFDE6�G0H4�4?I?I exp M− 0) N5F4EF + O�P − 0) N564E6 +O�PQ RE�O� , O��                           (5) 

Where  

R�O� , O�� = S�S�∬,UV�,UV� exp M− W)C XY0I Z[,ℎ NOUV]2�Y�PQ .∙exp`−a�,� + 2a�,� −a�,�b                 (6) 

a#,c	 is the interactions potential between electron-electron, 

electron-hole and hole-hole. 

Based on functional and Feynman path integral we simplify 

the electron-hole loop function and got the bound state mass 

of exciton system in ORM: 

8�02�
� = d*�) − 2O) /e�E�/E + d*�) − 2O) /e�E�/E + O /e�E�/E +f�O�                                         (7) 

The constituent mass (parameter 	O ) is determined by the 

equation: 

WE = W
d5F4<)E4gh�i�gi

+ W
d564<)E4gh�i�gi

             (8) 

f�O� is the eigenvalue of the total Hamiltonian which is 

defined by  

fj = De�E�DE                                   (9) 

By theoretically method that described in the previous rows, 

we should find the eigenvalue for total Hamiltonian 

interactions which contain spins interactions. We will use this 

definition to determine relativistic and spins interactions that 

is very important subjects in spintronics technology and 

fundamental theories. As we know spins equations formed by 

electron and hole, could be determined by separated parts of 

relativistic, spin-orbital and spin-spin Hamiltonian 

interactions [19, 5-9]. Election of distance between electron-

hole (�I ) and effective radius U�∗  in dark exciton system 

(
e h

ˆ ˆ ˆS S S 2
+
= + =+ ) for calculating spin-spin and spin-

orbital effects will be so that total vector potential effect 

resulted from uni-photon exchange Ul�xI� have overlap with 

the potential resulted from electron converge. Therefore spins 

Hamiltonian interactions could be calculated by these 

equations [18, 19]: 

m�no = W)5F56pq r3 /tu�0q�/0 − /tv�0q�/0 w xyz{|} = W�5F∗0q�4 r~4� −)ℏ45F∗	F∗0qw xyz{|}� = �noxyz{|}�            (10) 

and 

ℏ�		W)5F56 x{|�{|�}∆����I� =                         (11) 

16*�∗��I�U�∗ x{|�{|�} = �oox{|�{|�} 
where *� , *�  are mass of electron/hold, *�∗ 	, *�∗  are 

effective mass of electron /hole , is oscillator frequency of 

electron, LSσ is spin-orbit and SSσ is spin-spin Hamilton 

constant coefficient,. Hamiltonian of relativistic effect will be 

as follow: 

2

. . 2 2 2 2

ˆ ˆ3

2 2 2
nonpert nonpertH

c r c r
σ

     ∆ = −            

ℓ ℓ
         (12) 

where ˆ ( 1)= +ℓ ℓ ℓ . 

5. Conclusion 

Semiconductor quantum dots can act as convenient hosts of 

electron spins, hole spins or excitons. Exciton in the 

semiconductor quantum dots are considered as main building 

blocks for quantum and spintronics technologies. A single 

hole confined in the ground state in semiconductor quantum 

dot usually has dominant heavy hole character due to 

quantum confinement. All theoretical studies presented so far 

have been dealing with dark exciton system. This is because 

quantum confinement lifts the valence band degeneracy and 

leads to states with heavy hole character which are 

energetically well above the bright exciton states. In this 

article we determined dark exciton total interaction 

Hamiltonian which contains nonrelativistic and relativistic 

effects based on the investigation of the asymptotic behavior 

of the polarization loop function for electron-hole particles in 
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exciton system. Using QFT, QED and ORM we defined the 

relativistic and nonperturbative Hamiltonian interactions 

which depend on the speed. Exciton system consists from 

electron and hole, which move rather from each other by 

constant by a velocity. From (12), we can see that the 

nonperturbative component gives orbital-excited state. Thus 

nonperturbative component is connected to a relativistic 

nature of a system. Therefore, based on total Hamiltonian 

new descriptions of spins and nonperturbative effects in 

nanostructure could be rapidly increase which directly 

effected on spintronics technology. 
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