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We demonstrate that non-locality of the model potential plays a dominant role in the 
determination of the structure factor of alkali metals in the OCP model. Shaw's non local model 
potential combined with an analytic form of the direct correlation function in the Baus and 
Hansen scheme is found accurate to determine the structure factor of alkali metals up to the first 
peak. 

During the last few years several attempts were made to develop an analytical 
function for the structure factor in the one component classical plasma 
reference system. Though the numerical experiments of the Monte-Carlo 
s i m u l a t i ~ n ' . ~ ~ ~  are available, it has not yet been possible to describe correctly 
the OCP structure factor analytically which is as convenient for the calcula- 
tions as for hard sphere system. Charturvedi et aL4 obtained an approximate 
agreement between the calculated and the measured value of the first peak 
height in the structure factor S(q) .  Evans and Sluckin5 have calculated S ( q )  in 
the long-wavelength limit by using the correlation function suggested by 
Baus and Hansen6 

In the present communication, we analyse an analytic form for the 
structure factor of the OCP model by using the random phase approximation 
(RPA) to take into account the screening electron gas. The assumption is 
made that the ionic liquid and the electron gas are weakly coupled to each 
other through a pseudopotential. In order to show the role played by the non 
locality, we use a local model potential of Ashcroft' and a non local model 
potential of Shaw.8 
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266 J. L. BRETONNET AND K. N. KHANNA 

The bare OCP system, characterized by dimensionless parameter r = 
/3Z2e2/a where a is the ion sphere radius a = (471~/3)-”~, is generally a crude 
approximation. The system can be modified by allowing the conduction 
electrons to screen the structure of OCP reference system in the RPA. To our 
knowledge, RPA is a simple but effective approach to describe the structure 
factor of alkali metals in OCP reference system. As is well known, the 
structure factor in the random phase approximation can readily be expressed 
as 

here C,,,(q) is the Fourier transform of the direct correlation function 
expressed by Baus and Hansen’ as 

where j , ( X )  is the spherical Bessel function of the order p and X = qr, is a 
dimensionless parameter depending on the scaling parameter yo. The second 
term in Eq. (1) is the indirect interaction between the ions which can be 
considered as a perturbation to the direct Coulomb repulsion and can be 
expressed in terms of normalized energy-wavenumber characteristic t(”(q) 

Using the solution of Eq. (2) and combining with Eq. ( 3 ) ,  we arrive at  the 
following analytical expression for the static structure factor for 3rd order 
model i.e. p = 3 

3rx; 105 
S ( q ) - l  = 1 + ~ x2 { ~ [ ( $ - 6 ) y - ( S -  l)cosX]-F,(q)) 

(4) 
where xo is a dimensionless parameter defined by xo = ro/a. 

The crucial point of our discussion is the non-locality and the choice of 
core radius of the local model potential. Thus we construct F,(q) which 
contains all the information by using a local (Ashcroft) and a non local 
(Shaw) model potentials separately. In the case of Shaw’s non local model, we 
have used F,(q) obtained by the same procedure given by Bretonnet and 
Regnautg while that for Ashcroft’s local and energy independent model it is 
convenient to write F,(q) explicitly 
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where the form factor is given by 

We choose the simplest dielectric function of Hartree so that a clear picture 
may emerge without any complexity. In Table I, we list our results for 
structure factors in various choices of ingredients and analyse the numerical 
results of sodium. The second and third columns of the table I show the 
divergence for q = 0 in the bare OCP system. A similar divergence is ob- 
served in F,(q) exactly compensating it to give a regular behaviour of long- 
wavelength limit. This reflects the importance of the screening correction in 
the low-q region. 

The height and the position of the first peak can be adjusted with good 
accuracy by the proper choice of r and x,,. Introducing a local model 
potential for screening correction creates much trouble in adjusting the 
height and the position of the first peak. It is important to mention that the 
choice of core radius R ,  in the local model potential is very crucial and 
sensitive to the height of the first peak as it can be seen from third and fourth 
columns. The single parameter R,, specifying the electron-ion potential, may 
be determined by several ways. To compare precisely the role played by both 
model potentials, R, has been chosen to fit the first node of Shaw's form factor 
( R ,  = 1.61a.u.). In the same way, an empirical cut-off of the screening 
correction around 2 K F j  adopted by Chaturvedi et aL4 and Senatore and 
Tosi" was found necessary to restore the first peak to its place. The 
selection of cut-off position may slightly vary with the choice of core radius, 
but the empirical cut-off, assumed by these workers, made it possible to 
achieve the height and the position of the first peak as evident by bracketed 
values in the fifth column obtained by introducing F ,  = 0.0 from q = 2K, .  

Finally, we introduce the non local model potential of Shaw to obtain the 
accurate height and position without implying any empirical cut-off, conclud- 
ing that non-locality plays a dominant role around first peak. A detailed 
discussion about the selection of parameters applicable to all alkalis will be 
presented elsewhere. In the last, it is necessary to mention that this compar- 
ison is possible due to xi = 3.2, the best possible choice in our opinion, 
creating a doubt over x; = 2.34 selected by Evans and Sluckin'. Our results 
up to the first peak, particularly in low-q region, are in good agreement with 
experimental values' '. However, the amplitude of oscillations in S(q)  beyond 
the first peak are rapidly damped, indicating that this model corresponds to 
softer repulsive core in the pair potential. As a matter of fact F,(q) does not 
influence this range of structure factor as it decay quickly beyond 2 K F .  
Further investigations are in progress to find the reason of this failure. 
Although computer simulations (M.C.) are not well suited to the study of 
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low-q behaviour they are displayed in last column to compare with bare OCP 
reference system in Baus and Hansen scheme. 
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