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Several approximations for the electron—positron interaction are ap-
plied to study the electron—positron momentum densities of paramagnetic
chromium. The non-local and state selective electron—positron correlation
functions, evaluated within the weighted density approximation, are used
to calculate various positron annihilation characteristics in this system. The
weighted density approximation results are compared to the experimental
data, and to the corresponding results of the independent particle model, lo-
cal density approximation, and generalised gradient approximation. Also, the
semi-empirical results are used in gaining more physical insight and deriving
final conclusions of this work.

PACS numbers: 78.70.Bj, 71.10.—w, 71.60.+z

The detailed knowledge of the Fermi surface (FS) of chromium [1-5] is of
great importance for the understanding of its physical properties. Chromium be-
comes antiferromagnetic at low temperatures (7ix = 311 K), and the associated
spin density wave is incommensurate with the lattice with a period that is inversely
proportional to the length of the FS nesting vectors. Recently, giant magnetore-
sistance has been discovered in Fe/Cr multilayers, and the period of the intralayer
exchange coupling is proportional to the FS nesting vectors of the Cr spacer layer.
These rich FS derived properties of Cr have motivated new positron annihilation
studies [6], and the purpose of the present work is to contribute to the under-
standing of the positron annihilation characteristics of Cr, measured by positron
annihilation techniques.

Positron annihilation experiment is not restricted to very low temperatures
or to samples of high purity, and the interpretation of angular correlation of annihi-
lation radiation (ACAR) spectra depends only on the conservation of momentum
and energy of the annihilating electron-positron (e—p) pair [7]. The experimental
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ACAR spectra are usually identified with projections of the e-p momentum density
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where G denotes the reciprocal lattice vector, k is the momentum in the first Bril-
louin zone (BZ), and the summation runs over all occupied electron bands j. Here
1/)]6]' and ¢4 are respectively the wave functions of an electron in the initial Bloch
state kj and a thermalised positron. The quantities y(kj, r) are the two-particle
e—p correlation functions which, in general, depend both on the electron state kj
and positron position .

In the present work we calculate the positron annihilation characteristics
of the paramagnetic chromium within the non-local approach of the weighted
density approximation (WDA) [8] to the e-p correlation functions, y(kj, r), in
Eq. (1). The WDA results are compared to those obtained within the independent
particle model (TPM), local density approximation (LDA) [9], non-local generalised
gradient approximation (GGA) [10], the results of a semi-empirical analysis [5], as
well as experimental data [4].
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Fig. 1. Band structure of paramagnetic chromium along main crystallographic direc-
tions. Bands that do not contribute to the electron and e—p momentum densities are
marked in the right panel by dashed lines.

In Fig. 1 we present the electron band structure of paramagnetic chromium,
calculated within the linear muffin-tin orbital method with the atomic sphere ap-
proximation [11]. For the I'=N and X—N directions, the main contribution to
p(p) in the first BZ comes from the first and third bands (marked by 1 and 3,
respectively). The second band (marked by 2) does not contribute to p(p) for the
I'-N, X—N, and X—P directions. In Fig. 2 we compare the resulting e-p mo-
mentum densities, calculated within various theories for the X — N direction, with
the experimental data [4]. Close to the X-point only the first band contributes
to p(p), and all theories give rise to very similar, slightly decreasing, slopes of
p(p). However, the experimental curve shows a little bit sharper structure in this
region. In the vicinity of the BZ boundary the contribution of the third band to
p(p) increases, and the differences between the results of all theories become more
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Fig. 2. The e-p momentum densities along the [100] direction (being translated along
[001] direction by half of I'—H distance) calculated within various theories compared
to experimental data of Ref. [4] (triangles). The spectra are normalised to unity at the
X =1[0,0,7/a] point.

apparent. It seems that the energy dependent approaches of WDA and LDA over-
estimate the respective e—p correlation functions due to the third band, following
the strongly increasing energy eigenvalues, F;, in the vicinity of the Fermi energy
Er. This effect is well illustrated in Figs. 3 and 4, where the corresponding e—p
enhancement factors are presented. Close to the N-point, all the spectra show very
similar structures. In the high momentum region it is the semi-empirical curve that
provides the best agreement with experiment.

In summary, Figs. 2-4 show that the non-local e—p interaction effects treated
within the WDA alter the e-p enhancement factors quite substantially, in com-
parison with LDA. However, the energy dependence arising from both of these
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Fig. 3. Total e-p enhancement factor, e(p) = p(p)/p™™(p), calculated along the I'—N
and X —N directions within various theories.
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Fig. 4. The e-p enhancement factors, e(pj) = p](p)/pﬁPM(p), for the (a) first and
(b) third annihilation active bands, calculated along the I'—=N and X—N directions

within various theories.

approaches seems to be overestimated, especially for the upper band, in the neigh-
bourhood of the Fermi momentum. Therefore, further improvements of the LDA
and WDA are necessary, and will become a subject of future study.
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