PHYSICAL REVIEW B, VOLUME 65, 075106

Angle-resolved photoemission spectra, electronic structure, and spin-dependent scattering
in Ni,_,Fe, Permalloys

P. E. Mijnarends
Department of Physics, Northeastern University, Boston, Massachusetts 02115
and Interfaculty Reactor Institute, Delft University of Technology, Delft, The Netherlands

S. Sahrakorpi and M. Lindroos
Institute of Physics, Tampere University of Technology, 33101 Tampere, Finland
and Department of Physics, Northeastern University, Boston, Massachusetts 02115

A. Bansil
Department of Physics, Northeastern University, Boston, Massachusetts 02115
(Received 28 June 2001; published 22 January 002

We present the all-electron charge and spin self-consistent electronic structure gfdliPermalloys for a
range of Fe concentrations, using the first-principles Korringa-Kohn-Rostoker coherent potential approxima-
tion (KKR-CPA) scheme to treat disorder and the local spin density approximation to incorporate exchange-
correlation effects. Recent high-resolution angle-resolved photoemission spectréa&REFS experiments
on Nip gd-ey.10 and N gdFey 20 Permalloys are analyzed in terms of the spectral density funcligfk .k,
=0,Eg), computed from the KKR-CPA Green function floy values varying along th&-K direction in the
Brillouin zone. The widths of the majority as well as the minority spin peaks in the theoretical spectra are in
excellent accord with the corresponding ARPES results in all cases, suggesting that spin-dependent disorder
scattering constitutes the main scattering mechanism for the carriers in the Permalloys. Majority spin states of
Ni are virtually undamped by the Fe impurities, while the minority spins at the Fermi enEggyafe heavily
damped. The nature of the Ni and Fe potentials in the Permalloys is explored in detail. The effective disorder
parameter in the alloy is found to be strongly dependent on the energy, momentum, spin, and symmetry of the
specific states involved. The evolution of the electronic states on the Ni and Fe sites as a function of Fe
concentration is discussed. The magnetic moments on Ni as well as on Fe are found to remain essentially
unchanged with increasing Fe content.
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[. INTRODUCTION on transport properties of the bulk systems and how these are

Recent years have seen a rapidly growing interest in thaffected by the presence of relevant interfatéSHowever,
field of magnetoelectronicsPhysical phenomena such as the interpretation of transport phenomena is intrinsically
anisotropic or giant magnetoresistance, which allow the coneomplicated by the fact that they encompass the behavior of
trol of electronic spin currents through magnetically dopedall the electrons at the Fermi energid). With recent ad-
nanometer structures by an external magnetic field, whilezances in synchrotron light sources and detector technology,
interesting in their own right, are also of great technologicalhigh-resolution angle-resolved photoemission spectroscopy
interest® Among the materials playing a role in these nano-(ARPES now offers the exciting possibility of investigating
structures, Permalloyéhigh-permeability alloys of Ni and the character ahdividual k states in magnetic materiis!®
Fe) take an important place. Permalloy/Cu/Co films showingin particular, Ref. 13 has presented ARPES measurements
a giant magnetoresistan@@MR) effect act as spin valves in  from high-quality samples of Nd&, 10 and Np g€y 2o for
which the electrical resistivity is low or high depending on specific majority and minority spin statesi¢ for k| values
the orientation of an external magnetic field. The advantagéying along thel’-K direction in the Brillouin zonéBZ).
of using Permalloy in these nanostructures lies in the fact The preceding considerations provide a strong motivation
that the magnetostriction in NiJFe, ,o vanishes. This pre- for undertaking a study such as the present one which at-
vents the strain due to lattice constant mismatch in the nandempts to make direct contact between the aforementioned
structure from magnetizing the material. Bulk Permalloy alsS)AARPES experiments on Permalloys and the corresponding
shows (relatively small anisotropic magnetoresistivity predictions of the first-principles framework of the alloy
(AMR) which is used in reading heads for hard disks. theory. We confront the computed widths of the spectral den-

In order to understand the operation of either thin-film orsity obtained from the self-consistent parameter-free
bulk devices an understanding of the electronic structure anorringa-Kohn-Rostoker coherent-potential-approximation
transport properties of the materials involved is essentiallocal-spin-density (KKR-CPA-LSD) Green functiof*~°
Much of the existing experimental work has concentrated owith the ARPES results and find an excellent level of accord
measuring the spin-dependent resistivities or mean free patletween theory and experiment with respect to the widths of
of majority and minority spin electrons in various the majority as well as minority spin states at tBe along
materials’~® Accordingly, theoretical studies have focusedthe I'-K line in both Ni ofF€ 10 and Ni g€ 0. These re-
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sults suggest that disorder scattering constitutes the main TABLE I. Room-temperature lattice constants used in the
spin scattering mechanism in the Permalloys. The extent tpresent computations for various compositions of NFe, (in
which the KKR-CPA-LSD mean-field approach can provideatomic units.

a satisfactory description of spin scattering in magnetic ma=

terials more generally of course remains to be seen. In this X=0 x=0.10 x=0.20 x=0.50
connection, possible complications due to short-range order- ¢ c=-a 6.6814 6.7049 6.7776
ing and clustering and other effects should also be kept in

mind.*? "Ref. 20.

Our computations yield considerable insight into the naXBy linear interpolation betweern=0 andx=0.20.
ture of the magnetic Ni and Fe potentials appropriate for théRref. 21.
Permalloys. The majority spin KKR-CPA-LSD self-
consistent potentials for the Ni and Fe sites in the alloy areat the bottom of the valence bands and ending at the Fermi
found to be quite similar so that these electrons experiencenergy which was determined to an accuracy of better than
little disorder scattering. The minority spin potentials on the0.1 mRy via the generalized Lloyd formul&The KKR-CPA
other hand are quite different, inducing large dampings of th&sreen function was computed on a 1330-spekigbint
minority spins in the system. These results are consistenhes* (1540 speciak points forx=0) in the irreducible
with and provide a more quantitative basis for the model ofpart of the BZ for each of the energy points in order to
two separate spin channels that has been invoked in thevaluate the integral over the BZ. In this way the KKR-CPA
literature”*23 for explaining various properties of the Per- self-consistency condition was solved at each of the 48 basic
malloys. We emphasize, however, that the effective disordegnergy points to an accuracy of about 1 part iR, T6llowed
parameter in the alloy is quite complex and differs betweerby the computation of a new spin-dependent crystal poten-
s-p andd electrons, and depends strongly on the spin, symtial. The starting potential for the next cycle was typically
metry, and the momentum of the specific states involved. obtained by a roughly 1%—5% admixture of the new poten-

This article is organized as follows. Section Il briefly ad- tial. The solution of the KKR-CPA condition required 1-10
dresses relevant computational aspects. The next sectioniigrations, while 100-200 charge and spin self-consistency
divided into three subsections, the first of which discussesycles were usually needed depending on the alloy compo-
the nature of the spin-dependent Ni and Fe potentials and thgition to achieve a high level of convergen@dsolute accu-
associated effective disorder parameter in the Permalloysacy of about 1 mRyof the crystal potential. For the final
Section Il B discusses how the magnetic moments and thpotentials, the total density of stat@309), site-decomposed
density of states on Ni and Fe sites and in various angulacomponent densities of statéSDOS, and the angular mo-
momentum channels evolve as a function of Fe concentranentum(l) decomposed partial densities of state9O9
tion. The last subsection turns to the focal point of this papewere computed on a 401-energy-point mesh using a tetrahe-
which is to interpret the high-resolution ARPES spectra ofdral k-space integration technigtre(with division of the
Ref. 13 in terms of the spectral densities computed within thel/48th of the BZ into 17 496 small tetraheyli@pplicable to
KKR-CPA-LSD framework. This discussion is divided into ordered as well as disordered systems.
two subsections the first of which deals with the nature of the Finally, we note that the spectral density in the allay
computed spectral density function and its relationship to thenomentum p and energy E) is given by A(p,E)
ARPES spectra. The other subsection then takes up a direet—1/71m(G(p,p)) where(G(p,p)) is the momentum ma-
comparison of the relevant theoretical and experimental retrix element of the average Green functidnFor making
sults. Section IV summarizes the conclusions of this work. contact with the ARPES experiments discussed in this ar-
ticle, however, the so-called Bloch spectral densigfk,E),
which is obtained by foldingA(p,E) into the first BZ, is
more appropriaté$?’ A(p,E) enters more directly in the

The electronic structure of Ni,Fe, was computed semi- analysis of Compton scattering and positron-annihilation
relativistically within the all-electron fully charge and spin spectr&®?®Accordingly, we present and discuss ARPES re-
self-consistent KKR-CPA framework fox=0, 0.10, 0.20, sults on the 10% and 20% Fe Permalloys in Sec. Ill C below
and 0.50. The results are parameter free except that the ldf terms of the spectral functioAg(k ,k, =0,Eg).
tice constants were not determined via an energy minimiza-
tion procedure; the specific concentration-dependent values ll. RESULTS AND DISCUSSION
used are listed in Table?:?* The underlying KKR-CPA
methodology is described in Refs. 14—-18. Exchange and cor-
relation effects were incorporated within the von Barth—
Hedin LSD approximatiod®?® The self-consistency cycles It is important first to understand the nature of the effec-
were repeated for each alloy composition until the maximuntive potentials associated with the Ni and Fe sites in the
difference between the input and output muffin-tin potentialsPermalloy. We emphasize that the standard crystal potentials
was less than 1 mRy at any mesh point in the unit cell. Allused commonly for obtaining the magnetic band structures
calculations employ a maximum angular momentum cutoffof fcc Ni or bcc Fe are not relevant here. In the alloy, the Ni
Imax=2. The KKR-CPA cycles were carried out in the com- and Fe atoms experience different surroundings, and in the
plex energy plane using a 48-point elliptic contour beginningcase of Fe even the symmetry of the neighboring atoms is

Il. COMPUTATIONS

A. Nature of the spin-dependent Ni and Fe potentials
in Permalloy and the associated effective “bands”
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different(fcc vs bcg. Moreover, interactions in the alloy lead NigoFesn
in general to a redistribution of charge and spin states and to 10
shifts in the positions of various levels. These fundamental Y maj. spin . Ni

effects of alloying are accounted for in the thegay least in . Fe
a mean-field sengevia the processes of charge, spin, and
KKR-CPA self-consistency cycles. Therefore, the KKR-CPA 0.8 1

E
§
self-consistent potentials for the Ni and Fe sites ip_Nie, :

e
Hiiiigs

reflect the characteristics of these atoms in the alloy. Figure 1
shows effective majority and minority band structures for
hypothetical fcc crystals of Ni and Fe using such final
muffin-tin potentials in Nj g~ 29, @and captures the essence
of the behavior of the Ni and Fe atoms in the context of the
Permalloys. Incidentally, we have carried out computations
along these lines at other compositidd8% and 50% Pe—

the results are similar and are not shown in the interest of
brevity. In short, the band structures of Fig. 1 provide a
simple handle on the electronic structure of the Permalloys
and we recall these results at several points in this
article30-32

The relative positions of the Ni and Fe levels in the alloy
can be read easily from Fig. 1 which allows one to obtain a
sense of the effective disorder parameter at varlopsints
in the BZ. Figure 1a) makes it clear that there is relatively
little difference between the majority spin “bands” of Ni and
Fe. Particularly thes-p bands and the upper portions of tthe 1.0 — — —
bands differ by no more thar 20 mRy. This implies that b) { < | min. spin N
for the majority spin electrons there is a high degree of P -
matching between the atomic potentfaié Ni and Fe(i.e.,
one is in the virtual crystal regime®) and therefore major-
ity spin electrons will be expected to experience little scat-
tering in the alloy.

The situation is markedly different for the minority spin
electrons in Fig. (b). Here, the exchange splitting of the Fe
bands is about 3 times larger than that of the Ni bands, re-
sulting in the Fe minority spird bands lying~100 mRy
above their Ni counterparts while for tlsep band the split-
ting is somewhat smaller60 mRy). A split-band model
would more appropriately describe the minoritg
electrons’?>33The stronger scattering potential will of course
yield shorter scattering lengths for the minority spins. Note
that the effective disorder parametg&r A/W whereA is the
difference between the levels of the two constituents while
is the relevant bandwidtff. Therefore, § is substantially
smaller for the minoritys-p electrons compared to the
electrons since the-p electrons not only possess a smaller
A, but also involve a largeW. Figure 1 makes it clear that in r X w L r K
generalé varies strongly with the spin, momentum, energy,
and the symmetry of the states involved.

(Ry)

>
o
.
Q
[
L

Energy (Ry)

FIG. 1. Semirelativistichypotheticalband structures for major-
ity and minority spin electrons obtained by placing the (Mirge
dotg and Fe(small crossesself-consistent KKR-CPA potentials in

B. Evolution of magnetic moments and density of states Nio sd=€.20 0N the alloy(fcc) lattice.

Insight into the evolution of the electronic structure of higher energy; the Fermi level intersects the Ni peak at the
Permalloy is obtained from a consideration of the site- andi-band edge, while the minority spin peak in Fe lies above
I-decomposed densities of states with composition. Figure B¢ and is broadened owing to disorder scattering. $head
shows thd decomposed density of statd3DOS at Ni and  p electrons undergo little change upon alloying, display little
Fe sites in Nj gde 0. We see a full, sharply structured ma- exchange splitting, and possess a weight about 30 times
jority spind band for both Ni and Fe witleg lying a short ~ smaller than thel states aEr. For these reasons, tlsep
distance above the uppeband edge. In contrast, the minor- electrons are essentially inert insofar as magnetic and disor-
ity spin band is generally much smoother and shifted to aler effects are concerned and will therefore be ignored from
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FIG. 2. Total densities of states associated with Ni and Fe sites FIG. 3. Contributions from Ni and Fe sites to the total density of

SN ; tates in Nj_,Fe, are shown as a function of Fe concentration
in Nig gd-& 20 are shown decomposed into angular momentum com® x . !
poneongrs (3,2%, andd). The top half of each panel refers to the The top half of each panel refers to the majority spih¥ énd the

contribution from majority spins{() and the bottom half to minor- bottom half to minority spins [). Vertical lines mark the Fermi
ity spins (). Vertical lines mark the Fermi enerds; . Note scale ~ EN€r9YEF.

changes in different panels. Some physical insight into the mechanism driving the pre-

ceding changes in moments and DOS may be obtained with

here onward in our discussion. The magnetic moment is cathe aid of the so-called “common band model” of bonding in
ried mainly by thed electrons. d-band metal$*3 Consider two atom# andB with atomic

Figure 3 shows the evolution of the DOS at the Ni and Feenergy levelES<ES, which are assumed to broaden into
sites(CDOS9 under alloying. Consistent with our earlier ob- bands of a common bandwidti/ when the atoms are
servations, the majority spin DOS on either site display littlebrought together to form a solid. From moment theory, it is
change in shape or structure with alloying. The changes iknown that the center of gravity of the local density of states
the minority DOS on the other hand are dramatic. In the(occupied and unoccupigdnust coincide with the local on-
single-impurity limit (x=0, right topmost pangl the Ni  site energy leveEg, (Which may be slightly shifted from
CDOS is of course that of pure Ni which is highly structured, the corresponding free-atom value in order to maintain local
while the Fe CDOS consists of a relatively sharp peak aboveharge neutrality We then obtain a new band of bandwidth
the Ec—reminiscent of an impurity level—and a rather low W,g, with transfer of charge from th® atom to theA atom
but still quite structured DOS belo®r . The resulting un-  until the Fermi levels line up. Owing to this redistribution,
compensated moment in the majority spin band induces the states at the bottom of the bafitie bonding states
magnetic moment of 2.6idz on the Fe impurity. As the Fe become more concentrated on tAeatom while the anti-
concentration increases, the disorder scattering of the minobonding states at the top of the band are found preferentially
ity spin electrons causes the structure in the DOS to be inen theB atom.
creasingly washed out until &a=0.50 a nearly structureless  Applying this model to the minority bands of Ni,Fe,
triangular looking DOS is left for Ni as well as for Fe. where the atomic Ni @ level lies lower in energy than the Fe
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TABLE Il. Computed magnetic moments ug) as a function my
of xin Ni;_,Fe,. The total(averagé magnetic moment in the unit =
cell is decomposed into contributions from Fe and Ni muffin-tin > E
spheres and from the interstitial region. 'c%
X Fe Ni Interstitial Total |_I{u. J, |
0 2.61 0.65 —-0.020 0.63 X
0.1 2.59 0.65 -0.019 0.82 “m : —o ;
0.2 2.57 0.65 -0.019 1.02 < 0.5 b) Majority T Oo‘j.' : E; !
0.5 2.54 0.71 —0.020 1.61 Y S (_)o_?. ____________
< o:" I
E -05r 0@009' 1 AQOOOZZQOO
3d level (see Fig. 1, one expects a transfer of low-energy & ST &0 S o0
bonding charge from Fe to Ni asincreases, while the high- ’@g 0.5F  Minority | 000000008@@8229 ooo‘bo°°° _
Z, 00079 00000000

energy antibonding states move the other way from Ni to Fewu
At first sight, the magnetic moments given in Table Il seem
to contradict this as the moments on both Fe and Ni are see
to remain essentially unchanged with increasir{the nega-
tive s-p polarization in the interstitial region remaining more
or less constantThe preceding argument, however, does not -
take into account the effect of disorder smearing of statesg
which increases strongly witk for minority spins and com-
plicates the situation. When states are broadened, some ("
the weight of the minority spins on Fe is spread from above =
to below Eg while the reverse happens with the minority —,

o

units)

b

0 05 1 1.5

spins on Ni with weight moving from below to abo¥- . < C

This effect tends to reduce the net Fe moment and to increas k|| along [011] (A7)

the Ni moment. Interestingly, the difference between the Fe

and Ni moments is quite close toug—decreasing from FIG. 4. Computed spectral density functidp(k;,k, =0,Eg)

1.96ug to 1.83ug as we go fronx=0 to x=0.5. Thus, the in NiggefFe 10and NpsfFe o whenE is fixed at the Fermi energy
depletion of the electron system when a Ni atom is replaceé and |k;| is varied along thg011] direction in the BZ. The
by an Fe atom initially takes place almost entirely at thearrows refer to majority ) and minority (1) spin peaks discussed
expense of the minority spid band of Fe since the number in the text. Two panels in the middigo) show a blowup of the
of majority electrons for Ni and Fe remains practically the effective Ni (solid circleg and Fe(open circley bands of Fig. 1
same. along thel’-K direction in the vicinity ofEg (shown by the dashed
line); the symmetry labels of various bands aroufydare marked
(Ref. 39.
C. Spectral density function and interpretation

of angle-resolved photoemission spectra of Permalloys transitions altogether via selection rules. Nevertheless, we
expect the positions and widths of the peaks in the ARPES
spectra to be given reasonably well By(k;,Eg) for our
purpose of understanding the spin-dependent disorder scat-

Before discussing the ARPES experiments of Ref. 13, weering in the alloy, effects of selection rules notwith-
describe the character @fg(k; .k, =0,E¢) [from here on-  standing®®
ward this is denoted byg(k|,Eg) for simplicity of nota- Figure 4 shows the theoretical spectral densityk ,Er)
tion] (Ref. 36 in Nig gge) 10and N gd=& 20 With the help of  along[011] for |k;| values over the range 0-1.9 "A. Con-
Fig. 4. Note that the ARPES measurements of Ref. 13 wersidering Fig. 4a) for Niygd-ey .10 first, we see three peaks.
designed to investigate the nature of spin-resolved states @he central peak at 1.062 Al is very sharp and is related
the Fermi level as one moves along th& direction in the  to the states in the alloy arising from the effective majority
BZ. This was accomplished by arranging the experimentaspin2; bands for Ni and Fe of Fig. 1, which coalesce into a
parameters of photon energy and the momentum and energyngle peak in the alloythe relevant parts of Fig. 1 are
of the emitted electrons appropriately. Our theoretical analyreproduced in Fig. @) for convenient referendg® On either
sis is based on the computed spectral demsilfk| ,Er) asa side of this up-spinX; peak, there are broad peaks at
function ofk along[011] with E fixed atEg and reproduces 0.816 A-Y [full width at half maximum (FWHM)
the experimental conditions of energy and momentum of the=0.08 A~'] and 1.706 A°* (FWHM=0.20 A~1).
initial states correctly. On the other hand, matrix elementComparison with the band structures of Figh)yreveals that
effects in the ARPES spectrdfare not described properly the leftmost of the peaks should be ascribed to the states
by Ag(k,Eg); these effects in general alter the intensities oforiginating in the alloy mainly from the minority spin Ni;
peaks inAg(k|,Ef) and in some cases suppress specifidband which intersects the Fermi level; similarly, the peak on

1. Nature of spectral density function Akj,k, =0,Ef)
along I'-K
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the right arises primarily from the minority spk, band of
Ni. We emphasize that the precise positions of the peaks ir a) Ni
Fig. 4(a) do not(and need ngtmatch thek; points of inter- i 0.90
section of specific bandgat Eg) involved because these
states will interact and mix and will thus be modified to yield
the alloy spectrum.

F

.10

)

Figure 4c) considers similar results for the spectral den- g
sity function atEg for Niggd-ey00. Again, three peaks are S
found of which the central on@t 1.056 A1) is due to the g
majority spins, while the two otheréat 0.762 A" and &

1.594 A1) are from minority spins. Some of the preceding wi
discussion of Fig. @) for Nig o€ 1S applicable here and
need not be repeated. Interestingly, comparing the lower mi-
nority peak afk;|~0.8 A~ in Figs. 4a) and 4c), the ef-
fect of the Fe impurities is more apparent; the line shape of
this feature is more skewed in Fig.ch as the spectral weight
of the Fe states grows in the 20% alloy. Despite the fact that
every state in the alloy involves a mixture of Ni and Fe
states, the central peak is dominated by majority spit Ni
electrons, although these are in a practical sense quite indis
tinguishable from majority spin F&, electrons. On the
other hand, the lower minority spin peak in Figsadand
4(c) contains contributions from Nt; and FeX, electrons
which are separated ik, but because the Fe part is quite
broad and possesses relatively small weight, the net effect i J/ T
to cause the aforementioned skewing of the peak rather tha . . . . . )
the appearance of a distinct additional peak in the spectra gg 0.7 0.8 0.9 1 1.1 1.2 13
density. In this vein, the right-hand peak is largely composed 2 —1
of Ni X, minority states with some background contribution k|| along [011] (A7)
from tails of other nearby levels as they are broadened upon ) . S
alloying. _ FIG. 5. Theo_ret!cal spectral mtgnsme_s in oNiFey 10 and

Consistent with our earlier observations, Fig. 4 immedi-Nlo.sd&.20 for emission fromEp_ askj is varle_d along thg011]
ately makes it clear that the majority electrons of(biiving direction over & range appropriate for analyzing the ARPES spec-
rise to the central pealsee little disorder scattering when Fe '3 Of Ref. 13. The spectra have been broadened to reflect experi-
impurities are added, while the minority spins experiencememal res_olut_lon. Arro_ws identify features arising from majority

) . . . - (1) and minority (1) spin electrons.
quite large damping. In connection with the widths of the
peaks inAg(K|,E), it is important to note thadg(k,E) can _ N o
be displayed as a function ¢k;| with E fixed or, alterna- by Ref. 13, selection rules only allow transitions from initial
tively, as a function of with |k fixed. In either case the States off, symmetry. Transitions from other inifial states
finite peak widths reflect the disorder-induced smearing ofuch ask, or 3, are forbidderf’ Notably, an examination of
states and thus possess the same physical origin. Howevéie shape of thexperimentalARPES peaks, especially of
the peak widthsk (for fixed E) is related to the correspond- the majority spin peak which in view of its significastp
ing width SE (whenk is held fixed via 6k~ 6E/v, where character and ensuing smalis resolution limited, indicates
v=JEldk is the appropriate group velocity. These effectsthat these peaks are reasonably well described by a Lorent-

are properly accounted for in the theory in obtaining thezian. Accordingly, the results of Fig. 5 involve a convolution
results of Fig. 4. with a Lorentzian resolution function of FWHM

=0.0380 A"! for the 10% alloy and of FWHM
=0.0285 A~ for the 20% alloy*!

Table Il collects the positions and widths of the majority

We are in a position now to make direct contact with theand minority spin peaks in Fig. 5, together with the corre-
ARPES spectra from Nyde) 10 and Np g oo With refer-  sponding experimental values from the ARPES data of Ref.
ence to Fig. 5 and Table Ill. For this purpose, Fig. 5 showsl3. The agreement between theory and experiment with re-
the spectral functions of Fig. 4 except that these have nowpect to the widths of peaks is remarkably good in all cases.
been broadened to reflect experimental resolution; moreovefhe fact that the experimental majority peak is resolution
the data are plotted over the momentum range ofimited indicates that the majority spin electrons see little
0.6-1.3 A1 over which the experimental spectra of Ref. disorder scattering as predicted theoretically. For the minor-
13 were measured. The upp@ninority) peak of Figs. 4a) ity electrons, the computed widths of 0.12 A and
and 4c) is thus not shown in Fig. 5. We have, however, done0.22 A~! for the 10% and 20% Fe, respectively, are in
so purposely since in the experimental geometry employedxcellent accord with the experimental widths of 0.10" A

ensity at

0.80° "0.20

Spectral int

2. Comparison with high-resolution ARPES spectra
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TABLE lIl. Theoretical majority k;) and minority k) spin peak positions and widthi;, (FWHM)
in Ni; _,Fe based on the theoretical data of Fig. 5 are compared with the corresponding experimental values
taken from Ref. 13. The exchange splittingk.,.=k;—k| are listed. Theoretical results have been broad-
ened to reflect experimental resolution. All entries are in*Aunits.

Theory Experiment
X ki K, AKeyenh Ok K| K, k| AKeyen ok, ok,
0.10 1.062 0.816 0.246 0.04 0.12 1.05 0.92 0.14 0.04 0.10
0.20 1.056 0.762 0.294 0.03 0.22 1.05 0.92 0.14 0.03 0.22

and 0.22 A~1% These results leave little doubt that the theoretical framework. Majority spin states of Ni are virtu-
observed lifetimes of the majority and minority spin elec-ally undamped by Fe impurities, while the minority spins at
trons in the Ni-rich Permalloys can be explained quantitathe Fermi level are heavily damped. = _
tively as a simple consequence of disorder scattering. The nature of the Ni and Fe potentials in the Permalloys is
Insofar as the Fermi surface radii given by the peak posi€XPlored in detail. For the majority spins the Ni and Fe po-
tions (k; andk,) are concerned, we see from Table Il that tentials are nearly the same, while for the minority spins the

the measured, values are in reasonable accord with the WO Potentials differ greatly. In this connection, a set of ef-
1 fective magnetic energy bands is computed by placing the

theoretical values, although the slight predicted decrease I if-consistent KKR-CPA potentials for Ni and Fe in the al-

H 1 -1
the radius from 1.062 A* to 1.056 A * to account for loy on a hypothetical fcc lattice. These “bands” yield con-

the depleted elgctron count in. g_oing from the 10% o thegigerable insight into the behavior of the alloy spectrum by
20% concentration would be difficult to observe within the llowing an easy visualization of the effective disorder pa-

exper!mentde}! kresolunon. On _the” other ”han?], theh comput_e meterd, whose values differ greatly for the minority spins
minority radil k, are systematically smaller than the experl- 5¢ giterentk points in the BZ and, even at a givérpoint,

mental values. As a result, the theoretical exchange splittin depends strongly on the spin and symmetry of the states

IS Iarge_r ‘h?” the measured \_/alues. This dlscrepancy_ IS Wevolved. We describe the evolution of the electronic states
known in Ni and reflects the inadequacy of the LSD in this

d.In thi . h od out b nd magnetic moments on the Ni and Fe sites as a function
rt_aga: t n this Cﬁpr;]etchlon. we f?l;le carﬂe ou al_tl;l_um_erl\lg f Fe concentration. The majority spin densities of states are
simuiations In which the size ot tné exchange Splitting In Iessentially unchanged upon alloying, but the minority spin
was varied by changing the minority potential in at hoc

Th idths of th ks in th | f ._densities undergo substantial changes and display consider-
manner. The widths of the peaks In the spectral function,, broadening in the alloy. The magnetic moment on Fe as

Were, however, found to be insensitive to such variationsy o || a5 Ni sites remains essentially unchanged with increas-
indicating that the theoretical results of Table I1l are robust MNing Fe content as a result of an interplay between the move-
this regard. ments of spectral weights of bonding and antibonding states
on the one hand and the effect of broadening of minority

IV. SUMMARY AND CONCLUSIONS levels in the alloy due to disorder scattering on the other.

We have carried out fully charge and spin self-consistenf Urther ARPES studies of magnetic alloys along these lines
all-electron KKR-CPA-LSD computations in Ni,Fe, disor- Would' prove worthwhile for establishing not only the range
dered alloys fox=0.10,0.20,0.50 and thease of a single °f validity of the present KKR-CPA-LSD approach but also
Fe impurity in Ni (i.e., x=0). Otherwise, the results are for clarifying the nature of the disorder parameter in various

parameter free except that the lattice constants were not oteresting cases.

tained by minimizing the total energy. Recent high-resolution

ARPES experiments of Ref. 13 on JNiFe ., and ACKNOWLEDGMENTS
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