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Several approximation s for the electron {p ositron interaction are ap-
plied to study the electron{p osi tron momentum densities of paramagnetic
chromium. T he non- local and state selective electron{p osi tron correlation
functions, evaluated w ithin the weighted density approximation, are used
to calculate various positron annihi la tion characteristics in this system. T he
w eighted density approximation results are compared to the experimental
data, and to the corresp ondin g results of the indep endent particle model, lo-
cal density approximation, and generalised gradient approximation. A lso, the
semi- empiri cal results are used in gainin g more physical insight and derivin g
Ùnal conclusi ons of this w ork.

PACS numb ers: 78.70.Bj , 71.10. {w , 71.60.+ z

T he det ai led knowl edge of the Ferm i surf ace (F S) of chrom ium [1{ 5] is of
great im porta nce for the understa ndi ng of i ts physical pro perti es. Chro mium be-
comes anti ferromagneti c at low tem peratures (TN = 311 K) , and the associated
spi n densi ty wa veis incom mensurate wi th the latti ce wi th a period tha t is inversely
pro porti onal to the length of the FS nesting vecto rs. Recently, giant m agneto re-
sistance has been discovered in Fe/ Cr m ul til ayers, and the period of the intra layer
exchange coupl ing is proporti onal to the FS nesting vecto rs of the Cr spacer layer.
These ri ch FS deri ved pro perti es of Cr have m oti vated new positro n anni hi lati on
studi es [6], and the purp ose of the present work is to contri bute to the under-
standi ng of the positro n anni hi lati on characteri sti cs of Cr, m easured by positro n
anni hi lati on techni ques.

Positro n anni hi lati on experim ent is not restri cted to very low tem peratures
or to sampl esof high puri ty , and the interpreta ti on of angul ar correl ati on of anni hi -
lati on radiati on (ACAR ) spectra depends onl y on the conservati on of momentum
and energy of the annihi lati ng electron{ positro n (e{ p) pai r [7]. The exp erimenta l
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ACAR spectra are usual ly identi Ùedwi th pro jecti ons of the e{p m omentum density
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oc cX

j

j

Z

exp( À ip Â r ) ê kk j (r ) ' + ( r )
p
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where G denotes the reci procal la tti ce vector, k is the momentum in the Ùrst Bri l-
loui n zone (B Z), and the summati on runs over al l occupied electron bands j . Here
ê k j

and ' + are respecti vely the wave functi ons of an electro n in the ini ti al Bl och
state k j and a therm al ised positro n. The quanti ti es Û( k j; r ) are the two -parti cle
e{ p correl ati on functi ons whi ch, in general , depend both on the electron state k j

and positro n positi on r .
In the present work we calcul ate the positro n anni hi la ti on characteri stics

of the paramagneti c chro mium wi thi n the non- local appro ach of the weighted
density appro xi m atio n (W D A) [8] to the e{p correl ati on functi ons, Û( k j; r ) , in
Eq. (1). The W DA resul ts are com pared to tho se obta ined wi thi n the indep endent
parti cl em odel (IP M), local density appro xi mati on (LD A) [9], non-local general ised
gradi ent appro xi mati on (GGA) [10], the results of a semi-empiri cal analysis [5 ], as
wel l as experim ental data [4].

Fig. 1. Band structure of paramagnetic chromium along main crystallograph ic direc-

tions. Bands that do not contribute to the electron and e{p momentum densiti es are

marked in the right panel by dashed lines.

In Fi g. 1 we present the electro n band structure of param agneti c chro m ium ,
calculated wi thi n the l inear m u£ n-ti n orbi tal m etho d wi th the ato m ic sphere ap-
pro xi mati on [11]. For the À À N and X À N di recti ons, the m ain contri buti on to
£ ( p ) in the Ùrst BZ com es from the Ùrst and thi rd bands (m ark ed by 1 and 3,
respect ively). The second band (m arked by 2) does not contri bute to £ ( p ) for the
À À N , X À N , and X À P di recti ons. In Fi g. 2 we compare the resulti ng e{ p m o-
m entum densiti es, calcul ated wi thi n various theori es f or the X À N di recti on, wi th
the experim ental data [4]. Cl ose to the X -point only the Ùrst band contri butes
to £ ( p ), and al l theo ri es give ri se to very sim i lar, slightl y decreasing, slopes of
£ ( p ) . Ho wever, the experim ental curve shows a l i ttl e bi t sharper structure in thi s
reg ion. In the vi cini ty of the BZ boundary the contri buti on of the thi rd band to
£ ( p ) increases, and the di ˜erences between the results of all theo ries becom e m ore
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Fig. 2. The e{p momentum densities along the [100] direction (b eing translated along
[001] direction by half of À À H distance ) calculated w ithin various theories compared

to experimental data of Ref . [4] (triangles). T he spectra are normalised to unity at the

X = [ 0; 0 ; ¤ = a ] point.

apparent. It seems tha t the energy dependent appro aches of W D A and LD A over-
estim ate the respecti ve e{p correla ti on functi ons due to the thi rd band, fol lowi ng
the strongly increasing energy eigenvalues, E kk j , in the vi cini ty of the Ferm i energy
E F . Thi s e˜ect is well i l lustra ted in Fi gs. 3 and 4, where the corresp ondi ng e{p
enhancement factors are presented. Cl ose to the N -point, a ll the spectra show very
sim i lar structures . In the high m omentum region i t is the semi-empiri cal curve tha t
pro vi des the best agreement wi th experim ent.

In summ ary, Fi gs. 2{ 4 show tha t the non- local e{p intera cti on e˜ects trea ted
wi thi n the W D A al ter the e{p enhancement factors qui te substa nti al ly, in com -
pari son wi th LD A. Ho wever, the energy dependence arising from both of these
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Fig. 3. Total e{p enhancement factor, " (p ) = £ (p ) =£ I P M (p ) , calculated along the À

and directions w ithin various theories.

Fig. 4. T he e{p enhancement factors, p p p , for the (a) Ùrst and
(b) third annihi lati on active bands, calculated along the À and direction s

w ithin various theories.

appro aches seems to be overesti m ated, especial ly for the upp er band, in the neigh-
bourho od of the Ferm i m omentum . Theref ore, f urther im prov ements of the LD A
and W D A are necessary , and wi l l become a subj ect of future study .

W e are grateful to the Com mittee f or Scienti Ùc R esearch (Po land), grant
No . 2P03B 107 16 for Ùnanci al support of the work.
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