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DENSITIES OF VALENCE ELECTRONS IN SIMPLE
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The influence of the electron—positron interactions on the momentum
density of annihilation quanta in real metals is discussed. The role of momen-
tum dependence of two-particle electron—positron correlations is set forth.
The effective densities describing electron—positron correlations are presented
for valence electrons in simple metals.
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1. Introduction

In studies of momentum densities of electron—positron 2y annihilation quanta
p(p) in real metals, the local density approach (LDA) has been recently quite often
applied (for reviews see, e.g., [1]). The results for annihilation characteristics ob-
tained within LDA, however, are as reliable as far the assumed electron—positron
correlation functions following from the electron gas theory are correct. Exper-
imental positron annihilation data in simple metals would allow for verification
of annihilation parameters in jellium obtained within various theories (reviewed
in [1]).

The problem is how to state the density of electron gas in real metal in
order to compare experimental and theoretical correlation functions, and how far
this comparison is possible. In this work we show that for valence electrons in
simple metals the effective densities of an electron gas are well defined and. may
be determined in an unique way. As the result, the whole shape of p(p) inside the
central Fermi surface (FS) may be determined, basing on the independent particles
model (IPM) results and electron—positron enhancement factors in an electron gas,
gjen(p, 2), if only the effective density parameter r§T is known.

(333)
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2. Theory and results

If the rare-gas core contribution to annihilation is neglected, the momentum
density of 2+ annihilation quanta is given by the formula
9 2
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where £2, ro, and ¢ are the volume of the unit cell, classical electron radius, and ve-

locity of light, respectively, n(kj) denotes the occupation number of the electronic
state kj in the host material, and ¢‘;c‘;(re, rp) is the electron—positron pair wave

Tunction of an electron in the initial state kj located at re and the thermalised
positron at 7. Momenta p are considered in the extended zone scheme, while &
are in the first Brillouin zone (1BZ).

The total annihilation rate A (A = 1/7, where 7 is the positron lifetime) is
the normalization constant of Eq. (1), i.e.

A= /dpp(p) = 7"'36/(17' (Z n(kj) g (r, 7‘)Iz) : (2)

k.
For re = 7p the two-particle function 1,52;(1'.3, 75) may be written in the form [2-4]
(this notation has been also repeated in Ref. [5])
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is the electron wave function in the host material,
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stands for a positron wave function, and

fi (1) =3 1, (@) G T | (4¢)
G

are periodic in the lattice (cf. Ref. [4]) two-particle electron—positron correlation
functions. Vectors G in Eqs. (4) are the reciprocal-lattice vectors.
Within IPM fi’I;M(r) = 1 and IPM momentum density reads as

PPM(p = k+ G*) =) n(ki)lep (")
kj
= |¢se (G")P[n(k") + a(ky*, G*)] v (5)
(the term wr3c/f2 has been omitted for convenience), where ¢I,Z.M(G') are the
convolutions of uy,(G) and ¥,.(G), i.e.

FENG) = Yuy(Bp(G - 1), (6a)
H :
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and

( ki* *) Z ( ¢IPM( *)
a(kj*, G*) = kj) -

bl ¢1PM( G )
are the corrections describing the band effects [4]. For nearly-free electron (NFE)
populations (e.g., valence electrons in simple metals), for any fixed state kj (except
for those close to the BZ boundary) there is only one vector G(j) such that (for
more details see Ref. [4])

(6b)

lug; [GDI > lug; (@) for G # G(), . (Ta)
while

[ug; o (G*) > |ug; (G*)| for j#j* (7b)
and

G(y*)=G". (7¢)

Using the methods of Ref. [4] it is easy to show that Egs. (7) provide
|e(kj*, G*)| < 1. Thus, for momenta p inside the FS (i.e. for n(kj*) = 1), p'tM
may be approximated within NFE as

PRFE(P = k+ G") » |41V (G7)2. (8)

In the interacting system we have
2

plp=k+G") =Y n(ki) [ FM(G)f(G" - G)
kj G

= o (G| g (O)P[L + B(RS™, G)][n(Rs") +E(R™, G7)), (9)
where
2
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and £(kj*, G*) are also small corrections for strongly delocalised electrons, if only
|fLJ (0)] > lfL](G # 0)|, as it takes place e.g. within LDA (cf. Ref. [4]). As the
result, for momenta p inside the FS

pnre(p = k+ G*) ~ ¢ (G| fr;. (O) (103)

and

exre(p = b+ G*) = prre(p)/PRPE(P) ~ |f1;. (0. (10b)

From formula (10b) it clearly follows that the momentum dependence of
the electron-positron enhancement factors ¢(p) inside the FS is due to the state
selectivity of two-particle correlation functions fy, (v) only. Neither the form of the
positron wave function nor state independent correlatlons f(r) can change visibly
the shape of p(p) inside the FS with respect to p'PM(p) for delocalised electronic
populations (e.g. valence electrons in simple metals).
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Within LDA Eq. (10b) reads as

2
enre(p=k+ G*) = % /n{ejeu [Ex;./ rs(r)]}1%dr
- Ejell [Ekj_/EF; "s('r"')] L : (11)

. In Fig. 1 the effective electron densities r5(7g), rs(r1), and rg(r)) are presented,
where vy and r; are obtained according to Eq. (11) for momenta |{p| = 0 and
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Fig. 1. Effective electron density parameters in Mg, Li, Na, and K following from
comparison of (a) €(0) with ejen(0,rs) (solid lines), (b) (pr) with ejen(pr,7s) (dashed
lines), (c) Avat/AVaM with g(rs) = Ajen(rs)/MEM (r5) (dotted lines). Values of e(p) and
Aval in real metals were obtained within LDA (Refs. [6] and [3], respectively) while &jen
and g(rs) are results for an electron gas (Refs. [7) and [8], respectively). The average

densities of valence electrons, rf*°, are marked by stars.
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|p/pr| = 1, respectively. The values of ¢(p) are based on the band structure
calculations performed within linear muffin tin orbitals (LMTO) average sphercs
approximation (ASA) (cf. Ref. [6]), and gjen(p, rs) is the jellium result of Ref. [7].
Density parameter rg(r)) was obtained in the same way, by comparing the corre-
lation factor for total valence annihilation rates in real metals, 7°°'F = Aya/AEM
extracted from Ref. [3] with its jellium analog vS3f*(rs), parametrised in Ref. [8]. It
is visible that the values of rs(79), rs(m1), and rs('r,\) are very close to each other, de-
termining the effective electron density parameters r¢ff describing electron—positron
correlations for valence electrons in simple metals. These effective densities differ
from the average valence electron densities in the Wigner—Seitz cell, described by
riree (marked by stars in Fig. 1). This agreement of rg(rg), rs(r1) and rs(ry) is
the great advantage in the studies of electronic structure of materials by positron
annihilation method; knowing the total annihilation rates in real metals, Ava) and
MPM “we are able to determine r5(r)) ~ r¢ff and read p(p) for p € FS directly
from p'"M(p) as p(p) = pPM(p)ejen(p, re™), avoiding laborious calculations of
convolutions of electron and positron wave functions with correlation functions.

It should be stressed here that for more localised electronic populations (e.g.
d- or rare-gas core electrons) the above procedure is not applicable. In non-simple
metals the eflective electron densities may be defined in several various alternative
ways (each of them substantiated in similar degree), depending on the effects
under study. For this reason the great deal of caution is necessary when one tries
to determine the effective electron densities in e.g. transition metals, especially if
the results are based on LDA which may be not valid in the region of strongly
varying densities.
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