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Abstract. The absorption of light by free charge carriers has been theoretically studied considering the 

processes related to scattering from phonons in an anisotropic parabolic quantum wire. The case in which 

the electromagnetic wave is polarized along the axis of the wire and the case of non-degenerate electron 

gas statistics have been considered. In this work, it was determined that the dependence of the location 

of the peaks of the intraband optical absorption coefficient on the characteristic frequency of the 

confinement potential in quantum wires with asymmetric parabolic potential was  0 yx PN . 
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1.       Introduction 

 

Recently, researchers are interested in the unusual electronic, optical and magnetic 

properties of low-dimensional systems (Ibragimov & Ibayeva, 2020; Babanli & 

Ibragimov, 2020; Ibragimov, 2003b; 2004; Cunha et al., 2020; Thongnak et al., 2021; 

Tshipa & Masale, 2021; Ngoc et al., 2022) these properties are important for device 

applications. 

Semiconductor quantum wires occupy a special place among quantum 

nanostructures. Quantum wires have been widely used in lasers, photodetectors and field-

effect transistors (Jahromi & Zarifkar, 2021). Application of quantum wires in devices 

can have a positive effect on the characteristics of lasers and transistors. One of the main 

methods of studying the spectral properties of the electron gas and the parameters of 

lateral confinement in various low-dimensional structures is the study of intraband 

electronic transitions under the influence of electromagnetic radiation (Ibragimov, 

2004,2002; Carpunin & Margulis, 2016; Bhargavi et al., 2015; Kubakaddi & Mulimani, 

1985). The study of intraband absorption of high-frequency electromagnetic radiation is 

mainly related to the fact that in the case of a discrete energy spectrum, the absorption 

curve has a resonance peak at certain points, and the radiation frequency at these points 
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is equal to the distance between the energy levels of electrons (Ibragimov, 2004, 2002; 

Kubakaddi & Mulimani, 1985). In this case, the experimentally determined resonance 

frequency allows obtaining information about lateral confinement in nanostructures and 

the parameters of the electronic energy spectrum. In the study of spectral properties of 

nanostructures, the study of resonance absorption is superior to kinetic measurements 

because it is not required to connect with  contact systems that can affect the physical 

properties of the system.  

Modern technologies allow creating structures of confinement, especially with 

parabolic potential. Therefore, the confinement potential of lateral quantum wires can be 

better described with the help of a parabolic potential. The given potential is widely used 

in studying the physical properties of quantum wires and is suitable for many 

experiments. In addition, the electron-electron interaction, which greatly affects the 

absorption, has practically no effect on it in the case of parabolic potential, according to 

Kohn's theorem. 

Intraband processes such as light absorption by free charge carriers and direct 

absorption of electromagnetic radiation are possible in quantum wires. These processes 

make it possible to study scattering mechanisms in quantum wires and determine energy 

loss in optical devices. Light absorption by free charge carriers is possible only with the 

absolute presence of any third particle (quasiparticle), which can be phonons, additives, 

dislocations. The participation of a third particle in this process does not satisfy the law 

of conservation of momentum. Light absorption by free charge carriers has been studied 

theoretically in quantum wires. These quantum wires describe the rectangular potential 

of confinement in cases of boundary roughness (Ibragimov, 2003a) and alloy disorder 

(Ibragimov, 2002) when charge carriers are scattered from acoustic and optical phonons 

(Kubakaddi & Mulimani, 1985; Adamska & Spector, 1984). 

In this work, quantum wires describing the parabolic confinement potential are 

considered. It is known that at the same time  the probability of interaction of three 

particles is less than the probability of interaction of two particles. Therefore, the 

absorption coefficient in indirect transitions is lower than in direct transitions. Consider 

the absorption of electromagnetic radiation by the electrons of the quantum wire and the 

scattering by phonons simultaneously. Such processes can be considered in the second 

order perturbation theory according to electron-photon and electron-phonon perturbation 

. In this study, quantum wires describing the parabolic potential of confinement are 

considered, and in this case, the electron-electron interaction, according to the generalized 

Kohn theorem, does not affect the optical properties of the system, as a rule. 

 

2.   Theoretical analysis 

 

In the parabolic potential model of electron confinement, the asymmetric quantum 

wire would be as follows. 
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Here x  and z  are parabolic potential frequencies.  
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The )(,, r
yPmn eigenfunction of the electron and the )(, ymn pE eigenvalues of the   

Hamiltonian (2) in the conduction band are calculated by the following formulas: 
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Here, n = 0, 1, 2, ... and m = 0, 1, 2, ...  are the indices of the levels of electron 

subband, yp is the momentum component of the electron in the y direction (the direction 

of the y axis corresponds to the axis of the wire),  xn  and  zm - are the  

eigenfunctions of a simple harmonic oscillator. 

If the electromagnetic wave is polarized along the axis of the wire, then intra-band 

absorption of light can occur when a "third body" that changes the quasi-momentum of 

the charge carrier is involved in the absorption process. In the presence of phonons, the 

process of light absorption by free charge carriers is calculated by the expression 

(Adamska & Spector, 1984 ): 
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Here n0 is the number of photons in the radiation field, fi is the distribution function 

of free charge carriers. 

Summation is done over all the initial ‘‘ i ’’ states of the system. iW  is the transition 

probability from state ymnP  to state yPnm   and is defined by expression: 
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where Ei and Ef indicate the energy of electrons in the initial and final states, respectively, 

ħωq is the phonon energy, and  〈𝑓|𝑀+|𝑖〉 are matrix elements of the transition from the 

initial state to the final state for the interaction between electrons, phonons, and photons. 

Matrix elements of transitions can be written as in formula: 
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where the  i,α,f indices indicate the initial, intermediate and final states of the 

electron. VS is the electron-phonon interaction operator. 

Summation is performed on all intermediate states of the   system.  The 

summation over  in (7) represents the sum over the nm, quantum numbers and the 

integral over the  yP momentum . The first summation describes processes in which first 

scattering from phonons and then absorption of a photon occurs: and the second 

summation represents the processes of first absorption of a photon and then scattering 

from phonons. 

The electron-photon interaction Hamiltonian is expressed as follows. 
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Using the wave function given by the expression (3), the matrix element of the 

electron-photon interaction can be written as follows: 
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Here V is the volume of the crystal. The radiation field is polarized along the y-

direction,   - is the polarization vector of the radiation field. 

The  
ynmPEf0  distribution function obeys the following normalization condition. 
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Here N is the number of electrons in a unit volume, yL - is the length of the wire 

along the y axis. 

Thus, taking into account the expression (10), the distribution function of electrons 

for the non-degenerate electron gas can be written as follows: 
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3.    Results and discussions 

 

The matrix elements of the electron-phonon interaction can be expressed as follows: 
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The electron-phonon coupling constant for deformation (DO-phonons) and 

polarization scattering (PO-phonons) can be calculated as: 
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Here L is the dimensionless coupling constant. 

Using  the shift operator      axxxaPx  /exp  and  
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expressions (Prudnikov et al., 1981), the matrix elements of the electron-phonon 

interaction can be calculated. 

(12) electron-phonon matrix elements, (9) electron-phonon matrix elements and 

(11) the distribution function of the non-degenerated electron gas should be taken into 

account in  (5) – (7)  expressions to calculate the    absorption coefficient.   

 
Fig. 1. Dependence of the absorption coefficient on the energy of the incidence photon for polar optical 

phonons in the cases of  hωx = 0.004 eV and hωz = 0.006eV 

 

 
 

Fig. 2. Dependence of the absorption coefficient on the energy of the incidence photon for polar optical 

phonons in the cases of  hωx = 0.004 eV and hωz = 0.006eV 
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Fig. 3. Dependence of the absorption coefficient on the energy of the incidence photon for acoustic 

phonons in the cases of  hωx = 0.004 eV and hωz = 0.006eV 

 

 

Fig. 4. Dependence of the absorption coefficient on the energy of the incidence photon for acoustic 

phonons in the cases of  hωx = 0.004 eV and hωz = 0.006eV 
 

5.   Conclusion 

 

The absorption of light in quantum wires, which are considered an anisotropic 

medium, has been studied. The research was carried out theoretically. Consequently,  in 

this work, it was determined that the dependence of the location of the peaks of the 

intraband optical absorption coefficient on the characteristic frequency of the limiting 
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potential in quantum wires with asymmetric parabolic potential was  0 yx PN . 
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