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Full-potential LAPW calculation of magnetic Compton profiles of Ni
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The full-potential linear augmented plane-wave calculation of the magnetic Compton profile is performed
for Ni using both the local spin-density approximation and the generalized gradient approximation. The dif-
ference in the two results is prominent in the momentum rangg€2 a.u. with gradient-corrected results
closer to the high resolution experiment near 0 along(100) direction. The magnetic moment is found to
increase with the inclusion of the gradient correction in the exchange-correlation potential. The need for
convergence of the magnetic moment with respect to the numbepaihts used in the calculation is stressed.
The calculated magnetic Compton profiles are compared with their experimental counterparté18@ng
(110), and{111) symmetry directions.

[. INTRODUCTION spin magnetic moment than observed experimentally, irre-
spective of the method of calculation. Recently Dixtral.”

The spin moment of nickel has received considerable atteported theoretical calculations using the linear muffin-tin
tention to date as it contributes towards its ferromagnetismorbital method within the atomic-sphere approximation
Nickel has a small magnetic moment compared to other felLMTO-ASA) with the GGA. Although the GGA shows a
romagnetic 8 transition metals like iron. One of the experi- t€ndency to enhance magnetism in transition-metal systems,
mental methods to measure the spin-moment is the magnefilifférent prescriptions of the GGA give considerably differ-
Compton scattering technique. No significant orbital contri-€Nnt results for various physical properties related to the elec-

. 2 . .

bution is present in the magnetic Compton scattering unde&rv?]?éﬁ \f’\}ﬂ?’fﬁt‘ri\/g?ﬁ: r‘fseulg c?vgrr?ﬁgr'lf)ggg\ ?(f)rt?r?eG%A,_
the conditions usually associated with these experimtents, "~ " prove o v L prop
Early measurements of the magnetic Compton prefiep)  c'ies of interest in a particular study, is essential.

ffered f | tatistical hich | Hv due t Although the inclusion of the GGA has not consistently
sufiéred from low statistical accuracy, which 1S partly due .Oimproved the band-structure or Fermi-surfdE®) results in
the fact that Ni has a small magnetic moment but primarilyg o jier reported works, a need to include the GGA in a full-
due to the use of x-ray sources that did not have high enougfitential calculation is feft®~” Earlier calculations, which

intensity. The recent high energy and high intensity synchrojcjyded nonlocal effects in the exchange-correlation poten-
tron sources have provided measurements of the magnefj| have been performed using the LMTO-ASA? The
Compton profile with a significant statistical accuracy andGGA is sensitive to the muffin-tin potential approximation in
increased resolutioh,~0.4 a.u., compared to the earlier spin-polarized calculations. Moreover, the effects on the
resolution of~0.7 a.u? Although the enhanced resolution electronic wave functions and properties dependent on them
of the MCP is still much lower than the resolution obtainablehave been in the right direction with the inclusion of the
in the total Compton profile£0.1 a.u.), a comparison of GGA.X® Another important point to be noted is that all the
experiment and theory clearly demonstrates the usefulness pfevious calculations using the GGA employed the Perdew
MCP studies to test the accuracy of theoretical models t@nd Wang prescription described in Ref. 14.
describe the spin-dependent momentum density in Ni. Present calculations employ a prescription for the GGA as
There have been a number of band-structure calculatiordescribed in Ref. 15 and referred to as PW91 which is de-
of spin density of Ni resulting in calculations of the magneticrived without semiempirical parameters and is the “best”
Compton prof"é_G a|0ng with experimenta| measurements functional on formal grOUnd? It is least ||k8|y to overcor-
of MCP37 A comparison of various band-structure calcula-rect the subtle LSDA errors for solids. Secondly, a non-
tions with Fermi-surface studies and angle-resolved photospherical spin density is used in the present calculations as
emission studies using po|arized synchrotron radiaﬁon deviations from SpheriCity of the potential are accounted for
have brought out certain discrepancies; in particular, Fermiln the formalism. We feel that negative polarizationsand
surface sheets due to minority bands aroundxtmint and P electrons in ferromagnetic Ni will be considerably affected
the exchange splitting af bands need special mentight! by nonlocal exchange-correlation effects which are observed
Most of the calculations are done within the local spinat low momenta in the MCP studies. Theory overestimates
density approximatiofLSDA) for the exchange-correlation the MCP nearq=0 irrespective of the band-structure
potential. The LSDA has proved to be a reliable and tractablénethod employed for calculations and this has been attrib-
framework for calculating the ground-state properties ofuted to electron-electron correlations inadequately treated in
many materials but yields relatively poor results for somethe LSDA. Our GGA results seem to support this fact.
magnetic transition metal systems, e.g., the ferromagnetic In this paper we also wish to stress the importance of
bce phase of Fe cannot be predicted with LSDA but is cor-Brillouin-zone (BZ) sampling and the convergence of values
rectly ascribed with the inclusion of the generalized gradiendbf the magnetic moment. The need for a gdogoint con-
approximation(GGA). Theory has always predicted a larger vergence is important because the spin density seems to

0163-1829/2000/624)/164357)/$15.00 PRB 62 16 435 ©2000 The American Physical Society



16 436 BARUAH, ZOPE, AND KSHIRSAGAR PRB 62

change appreciably with themesh density although other Where
guantities like band energies and total energy do not. Singh
and Ashkenazf have concluded that inadequate BZ sam-
pling may lead to a spurious value of the magnetic moment
as self-consistent calculations find difficulty in getting con-
verged results for the same. Particularly, the states near the . L. N
Fermi energy are important in determining the magnetic = [af(G)uf(r) +bfr(GIUf(r)]Y m(r)
properties. Barbillienet al. 1® using the LMTO method, have "
tested the performance of the LSDA and the GGA in predict- -
ing various electronic-structure-related properties. Their for res,. )
study showed that both the LSDA and the GGA predict theHere, | and S, denote the interstitial region and theth
same spin moment (0.62) for ferromagnetic Ni. The mag- muffin-tin (MT) sphere, respectively is the unit-cell vol-
netic momgnt calcglated Wlthln the LSDA is fpund to be ume,a’, ,.b® | andC._ - are expansion coefficient§ de-
0.596up using the linear combination of Gaussian orbftals meem e k+G . .
(LCGO) method while the full-potential linear augmented notes the_reuprgcgl-latnce ve_ctor_, a_nﬂ(r) is the solution
plane-wave FPLAPW) calculations performed by Kubo and of the radial Schrdinger equat|on |n§|de theth MT sphere
Asand within the LSDA showed a value of 0.5, which  at the linearization enerdl anduj’(r) is its energy deriva-

is much closer to the experimental value of Q56 The tive. The momentum space LAPW wave function is obtained
large disagreement of spin moment between the FPLAPWUPON a Dirac-Fourier transformation of Ed) as

LCGO, and LMTO calculations suggests that the removal of
shape approximations in FPLAPW method may play an im-
portant role in this regard. Moreover, the performance of the
GGA in a full-potential calculation of the MCP has not been R
gauged yet. It may be noted that calculations using thevherek andj are the indices representing the state and band,
LCGO method or FPLAPW method have been carried outespectively, for the electron.

using 89 points in the 1/48 of the Brillouin zone whereas the The electron momentum density is computed from the
LMTO method used a dendepoint mesh. momentum space wave function along with the occupancy

Earlier calculations of the MCP showed a decent agreef’n according to the equation
ment with experiments performed with limited resolution.
Most of the important structures seen in theory were lost in ~ TS
the convoluted curves, e.g., all the theoretical calculations 7(p):.2:§ flElAJI?(pHZ ®)
showed a hump in the MCP nea=0 following a dip, ] . o ] )
whereas experiments reported only a central dig=ad in  from which the Compton %Olf;'e is obtained by performing a
the (111) direction. Recent experiments with better resolu-double integral in a plane’®
tion by Dixon et al.” did support the structure predicted by e e
.theory. Their LMTO calculations also show. that the GGA ‘](pz):f J ¥(p) dp.dp, . (6)
improves the MCP in the low momentum region where nega- —oJ -
tive polarization ofs and p electrons becomes important. . . . o
Thus an accurate calculation of the MCP using both the full The magnetic Compton profile along a particular direction
potential and the GGA is warranted to compare with thePz 1S
recently made available experimental data. These consider-

ations have prompted us to undertake the present study to Jimad ):f f[ (p)— v (p)ldpdpy, (7)
test the performance of the GGA and LSDA in the full- mad\ Pz TR YRRy

potgrﬁial calculation of the [nag_neti(_: Compton prpfile w_ith A here theym)(ﬁ) is the electron momentum density of the
lSUfT|C|ent|y |arge number ok pOIntS in the irreducible Bril- Corresponding Spin_ The Spin moment defined as
ouin zone.
The plan of the paper is as follows: Sec. Il gives a brief - IR
description of the method along with the computational de- Mspin:f [y1(p)—,(p)]dp ®
tails while in Sec. Il we discuss our results on band structure )
and magnetic Compton profiles in the light of recent hight@n be obtained frordy.4(p,) as
resolution experimental data.

¢,;+6(F)=\/%expﬁ(lz+é)f] for rel 2

oo 1 S
A’.;(|o)=J—5 e P @

Mspin™ f Jmag(pz)dpz- 9
II. METHODOLOGY AND COMPUTATIONAL DETAILS -

The linearized augmented plane-wa{tsAPW) method A self-consistent band-structure calculation for nickel was

uses the LAPW functionﬁ,;+é(F) as a basis to expand the carrieq out using_the spin-polarized versionEng7.2° Th_e
all-electron wave functio mj‘(r») as follows!? experlmental lattice constant of 6.644 a.u. was used in the
k ' calculation. The exchange-correlation potentials param-
_ ' etrized by Perdew and Zungérfrom the data of Ceperley
Yo =2 Ck sdivaln), (1)  and Aldef? (CA) and that of von Barth and Hedih(VBH)
G were used for the LSDA while for calculations using the
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TABLE I. The magnetic moments of Ni within different TABLE Il. Comparison of the Fermi-surface breaks of the ma-
exchange-correlation formalisms. jority bands in units of 2r/a along symmetry directions.
Number of VBH CA PW91 PBE Direction FPLAPW Ref. 13 Expt.
K points “B e MB “B VBH PW9l LSDA GGA Refs. 31 and 32
72 0.580 0.588 0.603 0.612 r-x 0.77 0.77 0.77 0.77 0.77
286 0.598 0.609 0.624 0.633 I'-K 0.59 0.60 0.59 0.60 0.58
560 0.602 0.612 0.626 0.635 K-W 0.05 0.05 0.05 0.04 0.05

GGA, the form given by Perdew and WdfgPW91 and of magnetism in Cr, V, and Pd. Our calculations bring out
also its simplified versiott (PBE) were employed. The self- the fact that employing-100 k points in the irreducible

consistent band structure was obtained using®&@0ints in  Brillouin zone may be sufficient for convergence of band
1/48th of the Brilloui 918 points in 1/48th Brilloi energies and total energy but is certainly not adequate for
otthe briflouin zone. ponts in riflouin wave-function-dependent properties like charge density, mo-

zone yielding 916 2109p points were used for the calcula- mentum density, etc. In the following we present our results
tion of the magnetic Compton profiles. The tetrahedron inteusing the VBH prescription for the LSDA and PW91 for the
gration scheme of Lehman and T&uwas employed for the  GGA to bring out the effect of inclusion of nonlocal effects
integrations in the reciprocal space. The spin-polarized corg, the exchange-correlation potential.

Compton profiles were calculated with a highly accurate ver- |n order to study the effect of the gradient corrected
sion of the density-functional-based Herman-Skillifgoro-  exchange-correlation potential on the spin momentum den-
gram. sity, we first discuss its effect on the spin-polarized band
structure. The band structure and Fermi surface for majority
spin are not affected by inclusion of gradient correctitsee
Table ).

The spin contribution to the magnetic moment of nickel A major point of discrepancy between theoretically and
has experimentally been determined to be p56 We  experimentally observed band structures of Ni has been the
present the values of the spin moment obtained from ouhole pockets around th¥ point due to the minority bands.
band-structure calculation using different LSDA and GGASuch a hole pocket foX;, was predicted by all earlier the-
exchange-correlation potentials in Table I. From the table ioretical calculations, irrespective of the method employed
is obvious that the choice of the exchange-correlation poterand the form of the exchange-correlation potential used. But
tial plays an important role in determining the spin moment,de Haas—van Alphen effect measuremé&ntencluded that
the GGA worsening the comparison with the experimentalX,, is below the Fermi energyEg). Also, the measurements
value. The different values are a result of different potentialdor the hole pocket due tXs, did not agree with theory.
that result under various parametrizations of the exchangésome evidence to the contrary, from studies on angular
correlation potential. The magnetic moment value, being awariation of magnetic anisotropy, predicting thdy, will
integral over the entire space of the spin density, is venalmost be atE, also exist$® This disagreement between
sensitive to these differences. Another point to be noted iexperiment and theory has been ascribed to the LSDA, par-
that the difference between the magnetic moments calculatditularly to the neglect of density gradient terms. An inho-
within two different parametrizations of the LSDIEA and  mogeneity correction involving second-order term&in(r)
VBH) and the GGA(PW91 and PBEturns out to be of the s expected to pusks, (tpq sSymmetry andX,, (ey) apart
same order as the difference of this quantity calculatedo that the latter is belo®r . Thus different splittings of 54
within the LSDA and the GGA. Since PBE functional is ande, that are not resolved in the LSDA might show up in
essentially a simplification of the PW91 functional, it seemsthe GGA. Spin-polarized band structure using the LSDA
that the magnetic moment is very sensitive to the nature ofyith inclusion of spin-orbit(SO) coupling by Wang and
the exchange-correlation potential and going beyond the€allaway® also did not alter the band structure much, except
LSDA does not prove to be effective for determination of itsfor lifting accidental degeneracies; the Fermi surface was not
value. It is to be noted that the LSDA models the exchangeaffected. The mixing of up and down contributions with SO
correlation hole around an average electron rather than yieltcoupling may introduce changes in magnetic properties, thus
ing accurate results for all positions of the electron and als@ffecting the value of the magneton numBeOur calcula-
that the GGA favors inhomogeneity in the electron density

more than the LSDA does. _ . TABLE lll. Comparison of the Fermi-surface breaks of the mi-
A point that needs to be emphasized here is that the nunhority bands in units of 2/a along symmetry directions.

ber of k points used to obtain the self-consistent spin

Ill. RESULTS AND DISCUSSION

polarized band structure is an important factor in decidingPirection FPLAPW Ref. 29 Expt.

the value of the spin moment. In our calculations, it was VBH PW9l  LSDA  Ref. .32 Ref. 27
observed that spin moment increases a;&th@sh is refined, y_r 0228  0.224 0.206 0.220 0.219
convergence being achieved with500 k points in 1/48th  x-w 0.134  0.100 0.081 0.112 0.105
part of the Brillouin zone. This point was stressed by Singhr-| 0.168 0.168

and Ashkena2f in the context of the FPLAPW calculation
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tions with the GGA show the existence of a hole pocket A comparison of the present results with earlier published
corresponding tX,, though it is small. The eigenvalues of results reveals the following trends: the present values of the
the minority X, band are 0.008 Rydberg within the LSDA MCP are higher than the values reported by Kubo and
and 0.003 Rydberg within the GGA with respect to te. Asana in the regionq<2 a.u. in all three symmetry direc-

The correction due to the GGA is in the right direction, al- tions. This is a manifestation of the numberkopoints used
though small. On the other hand, the valuexgf within the  for the band-structure calculations. The nature of the contri-
GGA is raised above the LSDA value. Our calculated valugyytion from the third and fourth band changes with the num-

3\1;;23 ;(r?é ggn;\]/v;%eu;iﬁgf\heligghoeLv??hatnhéhfs\tl)ajél\u?alc-)f ber of k points in all three directions although their contri-

laway and Wantf have attributed the higher value of the ::)hutlcl)_r:vl'glt_nothe rtnhagdnetlc mcirner:t |fhsml\?g.PCalculatlgns Wlthd

Xz, hole pocket and the lower value of tikg, hole pocket € method overestimate the EVerywnere an
ethe structures up to 2 a.u. are exaggerated. This may be at-

to the noninclusion of the nonspherical terms in the effective ' o
potential. In this regard, our full-potential calculation within tibuted to the effect of the shape approximation to the po-

the LSDA improves the hole pocket associated withXge tential inherent in the LMTO-ASA. The GGA enhances all
band while the one associated with tig, band remains the structures in the total MCP in comparison to the LSDA.
same. The GGA indeed lifts thés; band up and brings the This.is display7ed in the present study as well as in the work
X, band down. However, with the GGA the spurious hole©f Dixon et al.” (see Tables Il and I Although the GGA
pocket is not completely eliminategee Table II). enhances the negative polarizatiorso&ndp-like bands, the

Another point of discrepancy between the theoretical andpositive enhancement from the fifth and sixth bands is also
experimental measurements has been the magnitude of efore, resulting in a higher value for the magnetic moment
change splitting in ferromagnetic nickel. The values of thefor the GGA in comparison to the LSDA. The negatively
exchange splitting throughout thikband determined by the polarized contribution from the interstitial electrons is
photoemission experiments have differed from theoreticat- 0.043ug and —0.031ug within the GGA and LSDA, re-
calculations roughly by a factor of 2. A similar trend is seenspectively. In the high momentum region, both the GGA and
in the present calculation. This disagreement is assigned 0SDA values match the experimental ones more or less.
the limitations of the one-electron picture used in all calcu-However, due to the low resolution of the experimental
lations. setup, the structures seen in the theoretical profiles are not

A comparison of the scalar-relativistic calculation of the distinctly discernible in the experimental profiles. The struc-
position space-charge density with nonrelativistic resultgures seen in the theoretical profiles in the high momentum
shows the charge density near sphere centers to be signifiegion are smeared out due to convolution with the experi-
cantly different. Therefore, a scalar-relativistic calculation ismental resolution function. Most importantly, our full-
performed. The nonlocal effects due to the inclusion of thepotential GGA calculations improve the agreement with ex-
gradient correction in the exchange-correlation potential willperiment nearq=0 along the (100 direction. In the
be observable at low momentum values in the MCP or spirfollowing we discuss some salient observations for MCP
momentum density. along particular directions.

The calculated magnetic Compton profiles along three In the profile along the(100) direction (Fig. 1, first
symmetry directiong100), (110), and(111) obtained using pane), the depth of the dip arourg=0 is reproduced in our
both the LSDA and GGA are presented in Fig. 1. The ex-calculation with the GGA but with the LSDA it is higher
perimental values are those obtained by Dixairal” The  than the experimental value. A comparison with Fig. 3 given
theoretical MCP’s are convoluted with the experimentalby Dixon et al.” shows that the LMTO-GGA profile is
resolution function. Our theoretical profiles were renormal-slightly higher than the experimental value negt O; the
ized to the value of the magnetic moment calculated by th& MTO-LSDA shows an extra peak below 1 a.u. whereas the
band-structure method to facilitate a direct comparison with_.MTO-GGA reveals a shoulderlike structure. Our calcula-
the experimental results which were renormalized to theions reveal a broad shoulder near thigalue. The nonlocal
known magnetic moment within a given regibiihe various  corrections included in the GGA therefore improve the pro-
structures unveiled in the MCP are a consequence of thifle at and around g=0. However, in the region
Fermi-surface topology and anisotropy in the electron mog~2.0 a.u., the theoretical profiles are overestimated. Al-
mentum distribution. Structures observed upgte1l a.u. though the GGA improves the profile belowl a.u., be-
come from the first Brillouin zone which again appear in theyond 1 a.u. the GGA values are higher than the LSDA val-
higher zones as umklapp images. The umklapp images akees. In the region 1 a.u<g<2 a.u., which corresponds to
more prominently visible in thé110) direction and also to a the second Brillouin zone, there is another shoulderlike
lesser extent in th¢100) direction. Bands 1 to 4 contribute structure seen around 1.3 a.u. in all the theoretical pro-
little to the total magnetic moment as these bands are almofites which is not observed in the experimental ones. This
filled for minority and majority spins. Neaq=0, negative observation warrants experiments with better resolution. This
polarization due to the- andp-like bands is clearly visible. structure is the umklapp image of the shoulder near
However, it is the fifth band which is occupied for the ma-q=0.6 a.u. The values of the theoretical profiles are much
jority spin and becomes partly unoccupied for the minorityhigher than experimental ones, justifying the higher spin mo-
spin. Thus the structures seen in the total MCP predomiment found in theoretical calculations. The bandwise contri-
nantly come from the fifth band. The sixth band has a sigbutions in the(100), (110), and(111) directions within both
nificant contribution towards the magnetic moment and ishe LSDA and the GGA are shown in Figs. 2, 3, and 4,
responsible for valleylike structures seen in the lgwegion.  respectively, for any future comparison. These profiles are
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FIG. 2. Bandwise magnetic Compton profiles of Ni along the
(100 direction within both the LSDA and the GGA.
0.15 bt
the structures are well reproduced. The high momentum
o components are more prominent in the theoretical profiles
) than in the experimental one. However, GGA results show
periodic structures due to umklapp images more pronounced
0.05 than LSDA results.
In Fig. 3 the negative polarization of the and p-like
0 ey i bands can be seen distinctly. This negative polarization pro-
! ! ! ! duces the dip in the MCP in the log/+egion. Although the
0 2 4 (@u) 6 8 10 contributions from the fifth and the sixth bands have almost
aia.t the same structure within both the LSDA and the GGA, the
FIG. 1. Magnetic Compton profiles of Ni alon@.00), (110,  contributions of the lower bands, especially the negative po-
and(111) directions. larization, are different within the two approximations.

Moreover, the structure of the peak0.7 a.u. is decidedly

not convoluted. The contribution from core electrons to-different within both the LSDA and the GGA.
wards the magnetic Compton profile, which is small and Although the FPLAPW method with GGA produces good
does not have much structure, is not shown. agreement with experimental profiles near ¢fv¢0 momen-

In the(110 direction, an extra prominent peak is seen intum region in both(100) and(110 directions, in the/111)
the theoretical magnetic Compton profilésig. 1, second direction the improvement is minimum with the theoretical
pane) within both the GGA and the LSDA at around profile lying much above the experimental offég. 1, third
~0.7 a.u., which is not clearly visible in the experimental pane). In this direction, the agreement of the results of Kubo
profile, again probably due to low resolution. It may be men-and Asandis much better than ours. However, this may be
tioned here that the LMTO method displays the most promi-due to the smaller spin moment obtained by them. The
nent peak at 0.7 a.u. whose value is reduced on the inclusidoMTO results of Dixonet al.” also show an overestimated
of gradient correction. The FPLAPW method within the profile. It is gratifying to see that all the structures in the
GGA displays this peak to be lower in value than the peak aexperimental MCP are well reproduced by theory in this di-
~2 a.u. The values near=0 are well reproduced within rection at the correoq values. It should be noted here that
both the LSDA and GGA in this direction also. In this case,earlier experiments showed only a central dip nga0 in
the LSDA profile lies closer to the experimental values in thethis direction whereas all theoretical calculations predicted a
region 1<q<2 a.u. Although the values of the theoretical small peak ag=0 and a dip around 0.7 a.u. Better resolu-
profiles are higher than the experimental ones in this regiortjon available in the work of Dixoret al.” has brought out
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FIG. 4. Bandwise magnetic Compton profiles of Ni along the

0.02 |} (111) direction within both the LSDA and the GGA.

-0.02 B,

-0.04 ' L ' . : : : been included in the present work.
q(au) 6 8 In conclusion, the spin density of ferromagnetic nickel
was studied within both the generalized gradient and local
FIG. 3. Bandwise magnetic Compton profiles of Ni along the spin-density approximations using full-potential calculations.
(110 direction within both the LSDA and the GGA. The convergence of the spin density with respect to the num-

ber ofk points in the irreducible Brillouin zone was ensured.

The effect of the GGA is visible in the band structure as well

as in the spin momentum density. The GGA reduces some
the structure predicted by theory. Experiment and theorgiscrepancies of the LSDA results with experiments like the
match quite well beyond 4 a.u. and the results within thespuriousX,, hole pocket but does not completely eliminate
GGA and the LSDA are also same. Figure 4 reveals thalt: On the other hand, the exchange splittings, which are al-
there is a redistribution of the spin density among the variougeady overestimated in the LSDA, increase with the inclu-
bands amounting even to changes in the structure in goingion of the nonlocal effects. This supports the fact that the
from the LSDA to the GGA. The overall structure of the GGA enhances magnetism af electrons. The magnetic
total MCP is, however, not changed drastically. Thus, it isCompton profiles with no shape approximation to the poten-
apparent that the GGA affects the MCP’s of Ni in the mo-tial show better agreement with the experimental values and
mentum region &q<2 a.u. the gradient correction to the exchange-correlation potential

As pointed out earlier, the MCP depends on the Fermiimproves results along th¢100) direction. The GGA is

surface topology and the electron momentum density of mafound to be important for the structures in the MCP near
jority and minority bands. The inclusion of spin-orbit cou- =0 although it overestimates the magnetic moment. The
pling in the calculations will affect the crossing of the bandsmagnetic moment is found to be sensitive to the form of the
at Er due to hybridization of up and down densities. This in €xchange-correlation potential as well as the Brillouin-zone
turn will affect the peak values seen in the MCP curves asampling.
they are the images of the FS breaks. Another source of
discrepancy for a finer comparison of theory with experiment
is the so-called Lam-PlatzmahP) correction®® The calcu- ACKNOWLEDGMENTS
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