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A model is proposed for calculating electron--posilron correlation energy due to screening in metals
using the jellium model of solids. The model shows that the electron-positron correlation energy due
to screening depends on the inverse of the screening length. It also show that the electron positron
correlation energy due to screening varies with the electron gas parameter in the same manner as
the electron —positron correlation energy calculated using the perturbed hypernetted chain
approximation which shows the consistency of the model. The result further reveals that the higher
the screening length of the elecirons in the metal, the higher its correlation energy due to screening.
Key words: Metals, Screening, positron, corelaiion energy.

INTRODUCTION

Screening is the removal of slectic field atl large distances from the positive charge (inkson, 1984)
Screening arises from the Hatres self-consistent field and is a manifestation of the interaction
between particles (Ashcroft and Memin, 1976). When an impurity is introduced into an electron gas,
the electrons form charge clouds about the impurity and screens out the impurity at large distances.
In an electron gas, the po v acts as an in v which destroys the homogeneity of the electron
gas so that even at large distances from the posiivon, where the potential is screened out, the exact
single wave function wilf be ; shase shifted away from th@ unperturbed plane wave state (Lowy, 1982).
The comrelation energy of a systam of electrons is the energy calculated with proper allowance for the
coulomb correiation minus W Hariree — Fock encrgy (Raimes, 1963).

Electron-positron correlation energy is the change in the enerqy of a system consxstmg of electrons
after infroducing a positiv:i nie the syatem nski and Stachowiak, 1998). The change in the
energy of a system due to screening between the positron and eiecirons is called electron positron
comrelation energy due to screening. The explanation of screening phenomenon involves the
applications of dielectric function, which thus represents the solution of the screening problem
(Harrison, 1979). The dielectiic function is defined in terms of the electronic response to an external
perturbation whose understanding gives an insight info the screening properties of metals and alloys
_including Friedel oscillation ard renormalization of phonon frequencies (Harrison, 1979).

The screening of a positron in an electron gas has been the test of many body theories. Kahana
(1963) proposed the Bethe-Goldstone appronch that he used to explain positron annihilation rate in
metals. The theory gave results that agreed with experimental values for metallic densities. Solander

“and Statt in Gondzik and Stachowiak (1985) sxplained screening of positrons in an electron gas in
terms of non ~ lingar iwo component plasiia The theory was used to explain electron—positron
annihilation rate in metals which was found io be dependent upon the momentum of the electrons in
the fermi surface. Aponen and Pajanne (1979) described screening in an electron gas by means of
interacting bosons. They obiained good result for annihilation rate of positron in metals. Gondzik and
Stachowiak (1985) used the theory of quantum liguids together with the theory of Hartree~Fock to
‘explain the screening of pardicles in an elsctron gas. The electron—-positron annihilation rate they

calcufated were in good aqr@mnent with experimental results espacially in the regions of low electron

densuty
in this work, we propose & model that can be used to calculate electron — positron cosrelation

energy due to scregning and test the model using simple metals.
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THEORY

If a positron is introduced into a solid, the potential established in the solid as a result of the

presence of the positron is

where e is electronic charge and r is the distance between the referenced electron and the positron. '
As a result of the presence of the paositron, there will be an electrastatic potential, V(r) that will be
built up as a result of the motion of the electrons. Then the total potential is

But the induced electrostatic potential is

U@ = @led H V()i (2)

E = -V $(r)
and

Vi = —4np(r)
where p(r) is the charge density. But by Sommerfeld model (Inkson, 1984)

F(r)=eu(r)N(k )

Vi = dreu(r)N(E,)
Viu(r) - V(r) = dmeu(r)N(E,)
Neglecting the negative sign, we have

But A2= 4neN(Ey) (Inskon,1984 and Kittel, 1996) where 1/) is the Thomas Fermi

$(r) =u(r) —¥(r)

VAu(r) ~ ()] = AU(F)N(Ep)....oocoovenreeceiiecoriee s (3)
screening length and N(Eg) is the density of states for a free electron gas.

= Viu(r) ~ dzeu(r)N(E,) = V¥(r)

In order to generate a self consistent equation, we assume that the positron cannot distinguish

between the applied potential and the induced potential crested by the movement of the electrons so
that it responds or feels the total potential u(r) (Inkson, 1984). So we set the right hand of equation (5)
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Table 1: Result obmlned for ekctron - positron correlation energy due 10 scrreening, Ege and electron
positron correlation energy, E¢ nccording to the |;e| turbed hyper: netted chain approximation for

different metals used to test the model,

[Metal |1, [ Eec Eo Metal T Eac. Ec
/ 0 3,28 .61 90.82 i1l 1.62 0.3 27,06
Na 3.83 -0.58 074 | Va 1.64 A1 .35
K 4.88 -0.62 087  |Cr 1.86 -0.97 -1.08
Rb 6.20 -0.51 065 | M~ 2.14 -0.84 .01
Ca 5.63 ~0.50 062 |Fe 185 |-0.87 21,08
I8 188 085 |08 |Co 207|088 |-1.03
LD 268 0,70 B.90 Ni 207|086  |-1.03
\ Ca 327 0.6 -0.82 Cu 2.12 0.85 .01
\ St 3.36 -5,68 -0.78 In 2.31 -0.78 -0.97
Ba 3.70 -0.57 077 Yt 2.61 0.71 20.81
Al 2.07 -0.86 -1.02 Zr 211 -6.85 1.02
Ga 2.19 0.62 -1.00 Nb 2.13 -0.84 -1.01
in 2.4 0.75 -0.65 Mo 1.84 097 .09
" Th 2.48 0.74 0.94 Te 1.79 -1.00 110
Si 2.00 -0.89 -1.04 Ru 1.93 -0.92 -1.06
Ge 2.09 0.6 1.02 Rh 1.95 0.92 -1.06
8n 302 ~0.64 -0.85 Pd 223 0.79 2098
Pb 2.09 -0.66 -0.87 Ag 2.39 20.76 -0.95
At 2.53 073 -0.93 Au 239 .[-0.76 -0.80
Bi 2.67 070 -0.90 Cd 2.59 071 -0.92
Sc 2.32 -0.78 -0.97 Pt 2.00 -0.89 .04
Nb 2.13 0.84 .01 Ir 2.25 .80 098
Wa 2.04 -0.88 -1.03 Hg 2.66 0.70 2090
Re 1.89 -0.90 -1.05
Os 1.8 -0.92 -1.05
to zero and consider only the homogeneous part.
in the spherical polar co-ordinate, the equation becomes
(r ===~+2rn-—-=-—,%’)u(r) O e et es N

Subject to the boundary condmons.

The solution of equation (7) above is as follow (Inkson,1984)

(Huf)=elr as r—0

Hur)=0 asr-w

u(r)= e[expf'—}'r)]

But the correlation energy due to screening, Escis obtained from the induce

®
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poténtial, Ving as follows (Inkson,1984).

E, =lim (:—2—£me,) .............................................................. (9)

r->90

Vind e PO T L

efexp( —Ar)] e

14 ¥
Differentiating equation (11) and subsituting the limit, we have

But in atomic unit, energy is measured in Rydberg (Ry) and e=1 .

e
# Vg =~ lexp(-Ar) -1]

E, = ggg{?z—e[;ﬁexp(w-) —1)]} ................................................. R an

B A%

Sc 2

.........................................................

But A is the inverse of the Thomas Fermi screening length, which is a measure of the distance within
which the screening is effectively completed and is of the order of the inter particle spacing. it is given

by the expression (Ashcroft and Mernin, 1976).

3
r, = [47””) T (14)

where v is the valency, n is the electronic concentration of the metal and apis the Bohr’s radius.

2.95
E_ = T s 1s)
2r2

In the perturbed hypemetted chain approximation, the electron — positron correlation energy is

given by the expression (Boronski and Stachowiak, 1998):

) a b (16)

E = s eecrrrasersarsraesaiaseearen
e
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Fig L: Variation ot electron ~ positron correlation energy.E¢ and electron — positron correlation eneray due to screening, B with

clectron gas parameter, r,,

‘where a, b, ¢, and d are constants depending on the value of rs . In the metallic range, the values of
a, b, c and d are given by Boronski and Stachwoiak (1998) as a = -2.385415, b = -0.1732167, ¢ =
0.4562613 and d = -1.0.

In this work, electron — positron correlation energy due to screening is calculated using
equation (15) while the {otal electron positron correlation energy is calculated using equation (186) for.
alkaline, alkaline earth, group three, single semiconductors, transition and noble metals of the

periodic table. Their variation with the electron gas parameter is studied.

RESULTS AND DICUSSION

The electron — positron correlation energy according to the perturbed hypemetted chain
approximation and the electron—positron correlationn energy due to screening were calculated for fifty
elements consisting of: alkaline, alkaline earth, transition, noble metals and single semiconductors.
Their variation with the electron gas parameter, rg is as shown in table 1 and figwe I.

The figure show that the electron—positron correlation energy calculated using the perturbed
hypernetted chain approximation varies directly with re . The electron positron conelation energy due
to screening also exhibit similar variation with rs. This reveals that electron-positron correlation
energy due to screening contributes to the total electron—positron correlation energy. As shown in the
figure, the lower the value of rg, the higher the contribution of screening to the total electron -positron
correlation energy. This applies to the alkaline, alkaline earth metals, semiconductors like.
germanium, silicon and gallium, and the transition metals. For rs > 3, the contribuction of correlation
energy due to screening to the electron—positron correlation energy is smaller to that contribucted for
rs < 3. The alkaline metals fall in this range of rs-and the properties of the alkaline metals can be
explained easily with the jellium model of solids (Gondzik and Stachowiak, 1985). The obtained result
shows that screening contributes to the electron - positron correlation energy in metals. For all the
metals investigated, the value of the electron—positron correlation energy is higher than the electron—
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positron correlation energy due_to screening. This is because, electron—positron corelation energy
jd“pandg‘nvo@ only on r, but also on some constants and the dlectron—positron correlation, énergy due
10 screghing contributes also to the correlation snergy. C

SONCLUSION

.- A miodel for calculating electran—posiiron correlation energy due 9 screéning is developed; The
‘model was tested using with the perturbed hypemetted chaln approximation;model for calculating
electron~positron correlation energy for rhetals of diffarent electron gas parameter.r. . The results
©btained show that electron ~ positron correlation energy calculated: using the perturbed hypernetted
- thaln approximation is higher than the electron ~ positron carrelation energy due to screening. The

“r‘ﬁzzglts further show that while the electron — positron correlation’ energy due to screening depends

only, on the electronic concentration of the metal through the electron gas parameter, But the

elactron: -positron correlation energy according to the perturbed hypemetted chain approximation
depends on r, as well as some constants and the contribuction from the screening correlation energy,

Since the perturbed hypemetted chain éppmxiMation -is the most recent and the. 'bestib
approximation for calculating electron —.positron correlation energy, the proposed model follows the
same trend as it does which shows that the p,rqposedrmodel is consistent with the approximation.
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