
COMPUTATIONAL METHODS IN SCIENCE AND TECHNOLOGY  Special Issue 2010, XX-XX 
 

I.  INTRODUCTION 
 

 The study of optical conductivity in low-dimensional 
electron system has been considered as a special study by 
both theoretical and experimental condensed matter 
physicists in recent years. Numerous studies of two dimen-
sional electron-gas systems have been undertaken [1-3]. 
Unfortunately, the study of this phenomena in 1D electron 
gas is still limited. The behavior of electrons in these systems 
is affected by their interaction with phonons. Thus, the most 
popular way to look into the structure of the systems is to 
investigate the scattering mechanisms. Among the many 
approaches to this problem, we are interested in the quantum-
statistical operator algebra technique [4, 5]. 
 This paper focuses on the consideration of the optical 
absorption power and half line-width of the electron system 
in a cylindrical quantum wire. The paper is organized as 
follows: First, we use many-body projection technique to 
obtain the analytical expression of optical conductivity. 
Next, we show numerical results for absorption power and 
half line-width for electrons interacting with LO phonons. 
Finally, the dependence of the width on the temperature 
and on the wire's size will be discussed. 
 
 

II.  OPTICAL  CONDUCTIVITY   
AND  ABSORPTION  POWER 

 
 When an electromagnetic wave characterized a time- 
dependent electric field of amplitude E0 and angular 

frequency ω  is applied to a quantum wire along the z-di-
rection, the optical conductivity tensor ( )zzσ ω  is given in 
the linear response scheme as [4, 5] 
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where ( )0 ,ia aω ω +≡ − →  TR means the many-body tra-
ce with basis states, 0( ) ( ) ... ;nna a βα

α β
+ +Ψ = Φ  , ,...n nα β  

being the number operators for the occupied states ,α β  ... 
and 0Φ  is the vacuum state. eqL  is the Liouville 
operator, defined as ,eq eqL X H X⎡ ⎤≡ ⎣ ⎦  for an arbitrary 
operator , eqX H  is the Hamiltonian of a system of many 
electrons interacting with phonons (or electrons) in thermo-
dynamic equilibrium, and eqρ  is the equilibrium density 
operator. The many-electron current operator ZJ  can be 
written in terms of the single-electron current operator Zj  
as 
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where , | |llj jα β α β≡  and ( )a aα α
+ i s the creation 

(annihilation) operator for the electron in the state | .α  
Then, the conductivity becomes 
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 Using the projection operator technique we obtain the 
optical conductivity tensor [3] 
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where the line-shape function is: 
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 After a systematic calculation, we obtain: 
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     Using Dirac identity ( )1

0
lim ( ) 1 ( )

s
x is P x i xπδ

+

−

→
− = +  we 

obtain the optical conductivity in the form: 
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 In Eq. (7), ( )ωΔ  and ( )B ω  are related to the line-shift 
and line-width of the absorption spectrum which can be 
calculated from the following expression: 
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 We use the Lorentzian approximation in which ( )ωΔ  
can be neglected in comparison with E Eα β−  because we 
consider a very weak scattering effect and we adopt the 
approximation that ( ) ( ) ( ),B B E E B Eβ α βαω ≈ − =  i.e., we 
assume that ( )B ω  is a very slowly varying function of ω  
near the resonance point .β αω E E= −  The optical con-
ductivity, Eq. (7) is given by 

[ ]

[ ]
2

2 2
,

Re ( )

( ) ( )1 ( ) .
( ) ( ) ( )

zz

z
f f B

j
E E B

α ββα

α β β α

σ ω

ω
ω ω ω ω

=

−
=

⎡ ⎤− − − Δ +⎣ ⎦
∑

 (9) 

 The absorption power delivered to the system, ( )P ω , is 
given by [8]: 

  ( ) ( )
2
0 Re

2 zz
E

P ω σ ω= ⎡ ⎤⎣ ⎦  (10) 

 
 

III.  ABSORPTION  POWER   
IN  A  QUANTUM   WIRE 

 
 We consider a cylindrical quantum wire in which 
electrons are confined in an infinite potential well. The 
energy of electron is: 

  
2 22 2

,
, * * 2( )

2 2
n l

n l z
AkE E k

m m Rα = = +  (11) 

 The form factor characterizing the considering wire gets 
the following form [6]: 

  ' ' ' ''
*

,, , , ,2
0
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R
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I J qR r r rdr

R −
= Ψ Ψ∫  (12) 

 Generally, it is difficult to obtain the expression for the 
form factor but using the specific form of wave function 
corresponding to the lowest levels [6]: 
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we can write the form factor as follows: 
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III.1. Absorption power and line-width 

 Carrying out numerical calculations we plot the graphs 
expressing the dependence of the absorption power on the 

laser frequency in the various const at value of temperature 
or wire's radius. From these graphs we can obtain the 
dependence of the line-widths on temperature or wire's 
radius as profiles of curves. 
 In Fig. 1 we see that the curves of ( )P ω  at different 
value of temperature or wire's radius have peaks at specific 
value of .ω  The distinction between these two graphs is 
that the magnitude of absorption power increases with 
temperature but decreases with radius. The situation is the 
same as the half-width when we analyze the curves in 
Fig. 2. It is clear that the half-width increases with tem-
perature and decreases with the wire's radius. 
 
 
III.2. Optically detected electrophonon resonance 
 
 From Delta-Dirac functions in Eq. (8) we obtained the 
conditions for electron-phonon resonance in CQR with 

 
 

  

Fig. 1. Dependence of absorption power on photon frequency at different values of lattice temperature (on the left), and on the 
wire's radius (on the right) 

 
 

  

Fig. 2. Dependence of half line-width on the lattice temperature (on the left) and on the wire's radius (on the right) 
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infinity in the present of the laser field: 

  , ; ', '( )n l n l qE ω ωΔ ± =   (15) 

 From Eq. (15) we can see that there are two values of 
ω  that satisfy this condition. This means that electrons in 
the state with energy E absorb one phonon and may absorb 
or emit one photon with energy ω  for transferring to the 
new state. From the graph on the left of Figure 3 we can 
see that there appear ODEPR resonances corresponding to 
the electronic transitions that satisfy the resonance 
conditions. The graph on the right of Fig. 3 shows that with 
the fixed quantum numbers n = 1, n’ = 2, l = 1, l’  =1), we 
can see two resonance peaks corresponding to the 
electronic transitions from initial state α  to final state β  
with the absorption (the higher peak) and emission (the 
lower peak) one photon. Figure 3 also exhibits the depend-
ence of the number of resonance peaks on temperature. 

     
. 

IV.  CONCLUSIONS 
 

 We have calculated the absorption power for an 
electron system interacting with LO-phonons in CQW 
structures by using the formula derived from the projection 
method with assumption of the Lorentzian line-shape. The 

expressions of absorption power contain terms which prove 
that all possible electron transitions, along with phonon-
nabsorptions and emissions, satisfy the energy conservation 
law and the condition for optical transitions in solids. 
 From graphs of the absorption power we obtain line-
widths as profile of curves. The obtain graphs showed that 
half line-widths decreased with the wire's radius and 
increased with the temperature. The conditions for ODEPR 
are independent of lattice temperature and the number of 
resonance peaks depends on the specific transitions (the 
value of quantum numbers identifying the energy levels). 
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Fig. 3. Dependence of ( )zzσ ω  on photon frequency at different values of the lattice temperature with n = 1, n’ = 2, l = 1÷2    (on 
the left), and n = 1, n’ = 2,  l = 1,  l’ = 1 (on the right) 
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