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ABSTRACT 

The detailed dynamical structure factors for weakly coupled one dimensional plasma have 

been computed through involved space-time dependant correlation functions. Theoretical 

investigations have been performed for a wide range of wave-vectors: 2.0 to 10.0 cm-1. Dynamical 

modes for plasma have been obtained as singularities of dynamical structure factor and yield 

dispersion relation. The dynamical modes have also been investigated for their temperature and 

density dependence and are observed to be altered significantly with change in number density of 

constituent particles. 
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INTRODUCTION 
Collective modes in any condensed matter are representatives of the degree of correlations 

present between its constituent particles. They are capable of describing the whole dynamical 

picture of the concerned matter. The experimental measurement of such modes, however, suffers 

from a number of kinematical restrictions and is hard to measure, specifically for one dimensional 

plasma systems which are apparently unrealizable. Such kind of plasma systems however, can now 

be practically realized through modern fabrication techniques like, lithography, photolithography, 

x-ray lithography etc1-10.  In such a fabrication process of (e.g. MOSFET) hetero-structures on 

semiconductor surfaces, motion of electrons can be restricted in two directions where one 

dimension is negligible as compared to another dimension and thus creates a quasi single 

dimensional system.  

A one dimensional system comprised of two kinds of mobile constituents, positive and 

negative charge carriers, where, the charges on two components are of opposite polarity but are 

equal in quantity so as to maintain the neutrality of the system as a whole. Masses of two 

components may differ, with negative component carrying electronic charge & electronic mass 

whereas positive component carries a unit positive charge & some finite mass. Coupling between 

the mobile components in such a system can be described through coupling parameter ┌ 

(=ne2/kBT), which is the ratio of electronic to kinetic energies. Here, ‘T’ is temperature, ‘n’ is 

number density per unit length and ‘e’ is electronic charge. Depending upon the value of coupling 

parameter, any plasma can be classified as weakly coupled plasma(┌≤ 1)or a strongly coupled 

plasma(┌> 1). 

In the present study, theoretically predicted detailed dynamical structure factors and current2 

correlation functions of such a weakly coupled one dimensional plasma have been reported. 

Collective modes obtained from dynamical structure factors have also been investigated. 

MATHEMATICAL FORMALISM 
Dynamical structure factor is related to complex dielectric function by fluctuation-

dissipation theorem as11: 
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Where,   ,  is polarizability and 

      ,4Im,4Re,4         (2) 

Expression (1) can be re-written as follows: 
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And,       ,,, 21 i         (5) 

is complex dielectric function12-16 given by expression: 
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In expression (4), 

2

2
2




 

v
p

 , where,   menp /)(ln22   is plasma frequency of electron17-23 and 

  mTkv B /  is thermal velocity of negative component. 

Current2 correlation function is related to dynamical structure factor by expression: 
C(k,ω)= ω2 S(k,ω)         (7) 

RESULTS AND DISCUSSION 
Dynamical structure factor is the physical quantity which is capable of yielding the complete 

information about the dynamics of a given condensed system, particularly in their fluid phase. 

These structure factors are Fourier transforms of space-time correlation functions which account for 

space and time dependant correlations present between the movements of constituent particles. 

Detailed dynamical structure factors for one dimensional weakly degenerate plasma have been 

calculated using expression (3) and expression (5). The computations have been performed for a 

huge wave-vector range, 2.0 to 10.0 cm-1 where, each of the oppositely charged 1.4x106 particles 

are assumed to occupy per centimetre of the plasma, while it is assumed to be at a temperature of 

300 K. The generated theoretical results are shown in figure 1 as their variation against frequency, 

ω, for nine different wave-vector values, κ =2.0 cm-1, 3.0 cm-1,4.0 cm-1, 5.0 cm-1, 6.0 cm-1, 7.0 cm-

1,8.0 cm-1, 9.0 cm-1 and 10.0 cm-1, with 

(──),(──),(──),(──),(──),(──),(──),(──),(──)respectively.  
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Figure1: Variation of dynamical structure factor, S(k,ω) with frequency ω for different values of k: (─)2.0 cm-

1,(─) 3.0 cm-1,(─) 4.0 cm-1,(─) 5.0 cm-1,(─) 6.0 cm-1,(─) 7.0 cm-1,(─) 8.0 cm-1,(─) 9.0 cm-1,(─) 10.0 cm-1. 

This can be observed from the figure that the dynamical structure factors for a whole κ-

range are doubly peaked structures (for ω≥0), where first peak lies at ω=0 and second peak is at 

finite frequency value (ω=ωc≠0), called the Rayleigh peak. However, Rayleigh peaks for smaller κ-

values, κ< 5.0 cm-1 are much more sharp, whereas with increase in κ, for κ ≥ 5.0 cm-1, the peak at 

ω=ωc becomes more and more wider having maximum FWHM(full width at half maximum) for κ 

=10.0 cm-1. The first peak i.e. the Brillouin peak at S(κ,ω→0), on the other hand decreases in 

magnitude with increase in wave-vector κ. The frequency ωc, here, is the peak position of Rayleigh 

peak and represents the frequency of collective mode at particular wave-vector. 

In Figure2, current2 correlation functions corresponding to dynamical structure factors as 

obtained from expression (7) has been calculated and are plotted as their variation against 

frequency, ω, for different values of κ: (──)2.0cm-1,(──) 3.0 cm-1,(──) 4.0 cm-1,(──) 5.0cm-

1,(──) 6.0cm-1,(──)7.0cm-1,(──) 8.0cm-1,(──) 9.0cm-1,(──) 10.0cm-1. The current2 correlation 

functions are well peaked structures and exhibit peaks corresponding to collective mode frequencies 

(i.e. ω=ωc), for C(κ,ω). The corresponding peaks for larger κ values are more wide and damped and 

are shifted towards larger values of ω. 
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Figure2: Variation of current2 correlation function, C(k,ω) with frequency ω for different values of k: (─)2.0 

cm-1,(─) 3.0 cm-1,(─) 4.0 cm-1,(─) 5.0 cm-1,(─) 6.0 cm-1,(─) 7.0 cm-1,(─) 8.0 cm-1,(─) 9.0 cm-1,(─) 10.0 cm-1. 

Figure3, shows the variation of collective mode frequencies with wave-vector κ with solid 

curve. The collective mode frequencies are as obtained from current2 correlation functions. The 

collective frequencies are found to increase with increase in κ and for κ> 4.0 cm-1, increases linearly 

with wave-vector. Thus, it may be concluded that the two component plasma follow linear 

dispersion relation for larger κ values. 
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Figure3: Variation of collective mode frequencies, ωc with wave-vector, k. 

Temperature and densities are critical parameters which determine the interactions present 

between its particles, their kinetic energies and hence, the real physical picture of any condensed 

matter. Dynamics of such a constituency of mobile particles, hence, is also expected to be 
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dependent upon its temperature and number density. Such a temperature and density dependence 

has been investigated in the present study and the results have been shown in figure4 and figure5. 

Figure4, explores the temperature dependant variation of dynamical structure factors for three κ–

values, 2.0 cm-1(──) &(──), 5.0 cm-1 (──) & (──)and 10.0 cm-1 ,(──) & (──) at 

temperatures, T=300K & 800K respectively. The figure clearly indicates that with increase in 

temperature, positions of Rayleigh peak for all κ–values shift towards right, i.e. higher ω-values. 

One may conclude from the graph that collective modes frequencies are temperature dependant and 

increases numerically with increase in temperature. 

 

Figure4: Variation of dynamical structure factor, S(k,ω) with frequency ω at temperatures T1=300 K & T2=800 

K, different values of k: k=2.0 cm-1 (──) T1 & (──)T2; k=5.0 cm-1 (──)T1 & (──)T2;  k=10.0 cm-1 (──)T1 & 

(──)T2 

Similarly, variation of dynamical structure factors with frequency ω are plotted in Figure5 

for two values of wave-vectors, κ = 5.0 cm-1 with (──) &(──) and κ = 9.0 cm-1 with (──) & 

(──)and are compared with the corresponding results at n2=2*n=2.8x106 cm-1. This can be 

observed from the figure5 that increase in number density of particles results in increased 

frequencies of collective modes, as the peak in the S(κ,ω) at ω=ωc shifts towards the larger ω–

values for higher number density of particles. 
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Figure5: Variation of dynamical structure factor, S(k,ω) with frequency ω for number densities n=1.4x106 cm-

1&n2=2*n=2.8x106cm-1,different values of k:k=5.0cm-1(──)n & (──)n2; k=9.0 cm-1 (──)n &  (──)n2 

CONCLUSION 
It may be concluded that the dynamical structure factors of one dimensional two component 

plasma can be obtained from its dielectric functions. The obtained detailed dynamical structure 

factors can yield corresponding current2 correlation functions and the associated collective mode 

frequencies of the plasma. The dynamical structure factors as well as collective modes exhibit 

dependence upon temperature and number density. 
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