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Compton study of NizsCu,5 and Ni,sCo,5 disordered alloys: Theory and experiment
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We present first-principles computations of ferromagnetic electronic structures and spin-resolved Compton
profiles along the three high-symmetry directions iRs8i,s and Ni,sCo,5 disordered alloys, together with the
corresponding Compton measurements from single-crystal specimens wWitlcs source. The theoretical
results are based on the use of the charge- and spin-self-consistent Korringa-Kohn-Rostoker coherent-potential-
approximation framework to treat disorder, and the local spin-density scheme for incorporating exchange-
correlation effects; the lattice constants in all cases are obtained by minimizing the total energy. The majority-
spin spectrum of Ni undergoes relatively small changes upon alloying with Cu or Co, and the associated
majority-spin contribution to the Compton profiles of Ni,;BCu,5 and Ni,sCo,5 is nearly the same. In com-
paring theory and experiment, we focus on anisotropies in Compton profiles, and find the overall agreement
with respect to the);11— J100, J111— J110, andJqi0— J1go @Nisotropies in NECuys as well as NisCo,s to be
reasonable, although some significant discrepancies arpynad are notable. We show clearly that the
momentum resolution of 0.4 a.(full width at half maximum of the present experiment washes out some of
the fine structure in the Compton spectra, and that these spectral features should be accessible via higher
resolution measurements with a synchrotron light soli88163-18208)03401-§

[. INTRODUCTION trons contribute to the Compton spectrum, the part associated
with valence electrons, often of primary interest, sits atop the

The advent of third-generation light sources has brought @ore contribution, and one thus faces a low signal-to-
renewed interest in Compton scattering as a tool for investibackground problem, especially in high-materials. The
gating electronic structure and fermiology related questiongvailability of high energy, high intensity synchrotron
in materials'~® The Compton technique offers a number of sources should ameliorate these difficulties endemic to the
intrinsic advantages over other spectroscopies in this regar€ompton method, and make it possible to apply the tech-
Being essentially a ground-state measurement, the Comptarique more widely.
experiment does not require long electron mean free paths as This article discusses Compton profiles of;40u,; and
is the case for transport-type experiments such ad kheA, Ni,;sCo,5 disorderedalloys. New results are presented on the
the latter being limited for this reason to systems with lowtheoretical as well as the experimental side. Theoretical pro-
defect and impurity concentrations. Since no charged paffiles are reported in NiCu,s, Ni;sCo,5, and the limiting case
ticles go in or out of the sample, Compton is not complicatedof Ni, within the Korringa-Kohn-Rostoker coherent-
by surface effects present in photoemission or electronpotential-approximationf KKR-CPA) framework!%=12 All
scattering experiments, and is thus genuinely a bulk probecomputations include effects of magnetic ordering, and are
Moreover, because light couples weakly to the electronigparameter-free as these are based on lattice constants ob-
system, the disturbance of the electronic states one is tryingined by minimizing the total energy. A high level of
to measure is relatively smaller in Compton compared tacharge- and spin-self-consistency is achieved in all cases.
positron annihilation or photoemission-type spectroscopie3he existing theoretical Compton work on disordered alloys
that involve charged particles. Despite these advantages, thas been limited to a few nonself-consistent, nonmagnetic
usefulness of Compton has been limited in actual applicacomputations?~®although we have recently carried out an
tions based on the traditionatray sources due to lack of extensive self-consistent study of LiMg alloy/st® This
adequate momentum resolution. Additionally, since all elecwork provides to our knowledge the first theoretical Comp-
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ton profiles of a disordered magnetic alloy; these results con- Some specific computational details are as follows. The
stitute a reliable basis for testing the KKR-CPA and localKkKR-CPA charge- and spin-self-consistency cycles were
spin-density(LSD) approximations that are the only signifi- carried out in the complex energy plane using an elliptic
cant assumptions underlying the present computations.  contour with 48 energy points, and a maximum angular-
On the experimental side, we have carried out Comptofomentum cutoffl n,=2. The KKR-CPA equation was
measurements from single-crystal specimens ¢fMisand  solved at all energies to a high accuracy so that the final
NizsC0,5 using the*Cs source. The motivation for consid- gpin-dependent crystal potential was converged to 1 mRy.
ering these specific alloys was the thought that the Comptofthe momentum densitp(p) was computed using the for-
spectra of NisCu,s and NirsCos may differ rather substan-  mjae given in Ref. 33 in terms of the momentum matrix
tially because Cu with fuld bands is nonmagnetic and re- glements of the KKR-CPA Green function. In order to obtain
duces the moment of Ni, wh!le Co with openshells in- the Compton profiles accuratelp(p) was computed on a
creases the average moment in the alloy. Further, the numbﬁ{esh containing 481183x 1291 p points. This mesh in-

of electrons per unit cell in Ni increases on adding Cu, but . . :
decreases on adding Co. Despite these differences, we Wg:ill\llesinlleik pomtrskm tir:ﬁ tl)/‘;':th t:rrr?d|u?%|einrt)art1§; the
see below that the Compton spectra of,8u,5 and . ?ub %Ide'), elait' po ‘ € gd t?w sfa? f(4)18 n ¢
Ni;sCo,5 turn out not to differ as much as one might have POINS by adding ‘attice vectors, and the 1actor o accounts
aqr the symmetry operations of the point cubic group. The

guessed; higher resolution synchrotron-based Compton stu _
ies of these alloys would be interesting. tetrahedral method of Lehman and THwras used to obtain

Concerning relevant literature beyond what has alread§l® two-dimensional integrals af(p) necessary for evaluat-
been cited, we note that the CP’s of Ni and Cu have been th&9 the Compton profiles. The final CP’s have been com-
subject of extensive theoretical computations as well as exputed along the three low-index directions over p@oints
perimental studies using varioysray sources?~?CP’s of  in the range 0-13 a.u. for the majority as well as minority
CuNi,_, disordered alloys for mainly Cu-rich polycrystal- spins, and are accurate to 0.001. The Lam-Platzman
line samples are reported in Ref. 15. The electronic structureorrectiori® is included in the computations using the occu-
of disordered CiNi;_, alloys has been the subject of nu- pation number density for the uniform electron gas.
merous studie®3! but we are not aware of a previous
charge- and spin-self-consisterth initio study of the
Ni; _,Ca, disordered alloys. lll. EXPERIMENTAL DETAILS

An outline of this article is as follows. The introductory
remarks are followed by a brief discussion of computational The single crystals of NiCups and Ni;sCo,5 were grown
details in Sec. II, and of the experimental aspects in Sec. by the Bridgman method from melts containing high-purity
The results for Compton spectra of Ni, ACu,, and components of nominal compositions. By using Laue x-ray-
Ni;sCo,5, and the relevant comparisons between theory andiffraction patterns to orient the crystals, three disk-shaped
experiment are taken up in Sec. IV. Some concluding respecimengdiameters 11.0 mm and 15.9 mm forBGu,s
marks are made in Sec. V. and NisCo,s, respectively with surface normals along the
[100], [110], and [111] directions were cutoff by a spark
erosion machine for each alloy. The samples were then
thinned down to a thickness of 2.0 mm and polished chemi-

The spin-dependent Compton profiles for;40iu,s and  cally. The orientations were checked again via Laue diffrac-
Ni,sCo,5 disordered alloys are computed using the chargetion, and found to be accurate to within 1.5°. From the ob-
and spin-self-consistent KKR-CPA methodology. The resultserved spreads of the dots in the Laue patterns, we judge our
for ferromagnetic Ni are based on KKR-CPA calculations insingle crystals to be of good quality, and to possess little
the single impurity limit, and were checked via completely short-range ordet>*® We refer the reader to Ref. 41 for
independent KKR computations on ordered Ni. We refer tomany of the details of our Compton spectrometer usitigs
Refs. 13, 32, and 9 for a discussion of the underlying KKR-and 1°®Au sources, and our data handling procedures. Some
CPA formalism; the relevant Green function formulation for improvements were however made in connection with the
treating the momentum density and Compton profiles in dispresent experiments. The older scattering chamber could not
ordered alloys is given in Refs. 33 and 34 and need not bbe evacuated when thé’Cs source was in operation due to
repeated here. The exchange-correlation effects are incorpeadiation protection of the sourdthe sample and the source
rated within the von Barth-Hedin LSD approximatithln ~ were in the same chambelWe have therefore constructed a
this work, we have used fcc lattice constants of Ni;sSibs, separate evacuable chamber for working with théCs
and NisCo,s obtained by minimizing the total energy within source, whose dimensions (30800x 1100 mni) are
the KKR-CPA framework for the ferromagnetic ground smaller than those of the older construction. The scattering
state. The final values used are: Ni, 6.594 a.u;0lis, geometry did not change much; the scattering angle was de-
6.660 a.u.; and NiCo,s, 6.567 a.u. These values are quite creased from 167° to 165°, while the source-to-sample and
close to the corresponding experimental values of 6.65950urce-to-detector distances of 422 mm and 281 mm, respec-
6.7024, and 6.6694 a.u. from Ref. 36. Our computations thusively, and the collimation system are almost the same as in
yield unique LSD predictions and are parameter-free; thdéhe older setup. Special care was taken to shield the detector
muffin-tin model is of course invoked implicitly, but this from the natural background. Also, two additional windows
model is expected to provide a reasonable approximation tor measurements with 90° scattering angle were installed in
the crystal potential in close-packed systems. the chamber. Remaining physical paramet@r®mentum

Il. COMPUTATIONAL DETAILS
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TABLE |. Parameters of the experiment.

v energy of the source 661.65 keV
Activity of the source 85 Ci
Source dimensions d=11 mm
h=15mm
The distances;
source sample 422 mm
sample detector 666 mm
source detector 281 mm
Scattering angle 165°
Diameter of primary beam at the sample position 15 mm
Detector(ORTEC, type GLP HP-Ge®=16 mm
depth=10 mm
Detector window =12 mm
The channel width of multichannel analyzer 57 eV
Resolution:
detector 0.34 a.u.
geometrical 0.21 a.u.
total 0.40 a.u.
Measuring time ~320 h for a sample
Counts at the maximum of Compton peak for NiCu sample
(for NiCo multiply it by factor of 2 ~0.24 10 counts
Signal-to-background ratio for NiCu sample
(for NiCo multiply it by factor of 2 98:1

resolution, detector efficiency, etadid not change signifi- mation can be drawn from directional anisotropies that are
cantly, and can be found in Ref. 41 and are summarized iexpected to be insensitive to such uncertainties in the abso-
Table I. lute profiles; the question of the nature of the background
The scope of the experimental work reported in this papewill be taken up elsewhere. We emphasize in this connection
is limited to the investigation of directional differences of that the diameter and thickness of the three specimens for
CP’s in NizsCu,5 and NisCo,s. The reason is that our use of each of the two alloys investigated were practically the same.
the high-energy source yields an additional background imherefore, the systematic effect of multiple scattering in the
the spectra, which makes the interpretation of absolute praalloy needed to be calculated only once for all three crystal
files difficult. The problem was discussed in Ref. 42 underorientations. The Monte Carlo simulations showed that
the assumption that this background arises from bremsstraiultiple-scattering events amount to 18% and 22% of the
lung radiation emitted from the sample. Subsequent analysisjngle-scattering events(over the momentum range
including a series of long test experiments with the primary— 10 a.u.—10 a.u) for Ni;sCu,5 and Ni;sCo,5, respectively.
beam, indicates however that the aforementioned brems&rhis multiple-scattering contribution was subtracted from the
strahlung mechanism is unlikely to be sufficient to accounimeasured CP’s that were then renormalized to the total area
for the observed background intensity. We estimate the levdlhumber of electronsunder the theoretical profiles over the
of the aforementioned background in the present measureforementioned momentum range before obtaining direc-
ments (for either alloy studiefto be ~9% of the single tional differences.
scattering events over the rangel0 —10 a.u. This back- Only the ¥'Cs source was used in the present experi-
ground appears mainly on the low-energy side of the Compments. The!®®Au source could presumably yield somewhat
ton peak. Apparently, the source itself emits unwanted extrdetter absolute profiles, but little improvement with respect
radiation through some sort of a multiple-scattering procesdp the directional anisotropies could be expected; see discus-
a simulation of such an effect is difficult, if not impossible, sion of Ag dat&'?> Keeping in mind our focus on the direc-
since the chemical composition of our source is not well-tional anisotropies, and the high cost of the irradiation of the
known. Small angle scattering in the collimating system may'%Au source, the measurements were limited to th&€s
also be responsible for some contamination of the beam. Isource.
any event, the high-energy side of the Compton peak appears
to be “cleaner;” the anisotropiesdirectional differences
determined from the left and the right sides of the measured IV. RESULTS AND DISCUSSION
CP’s are the same within experimental error. Accordingly,
the final data presented here uses the full measured CP’s in
order to improve the statistical accuracy of the difference Figures 1-4 show selected results for spin-dependent den-
data. sities of stateDOS’s), the site-dependent component den-
Bearing all this in mind, and the fact that the backgroundsities of stateCDOS’s, and the partial contributions from
appears to be essentially isotropic, much more reliable infordifferent angular momentéPDOS’9 in Ni, Ni;sCo,5 and

A. Ferromagnetic electronic structures
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00 03 0.6 09 while in the Ni-CDOS this peak is only partially empty, lead-
ing to a substantially higher moment on Co atoms. Our com-
Energy (Ry) putations show that in NiCo,s, Co possesses a moment of

1.63ug/atom, and Ni of 0.64.5/atom; the latter is close to

FIG. 1. Self-consistent density of states for ferromagnetic Ni.our calculated moment of 0.62z/atom in fcc Ni. The re-
The up(down) arrows denote the majorityminority) spin compo-  placement of a Ni atom by a Co atom in the alloy thus
nents of various quantitiesa) gives the total density of states. contributes a net moment of aboug} . In other words, the
(b)—(d) give thes, p, andd angular-momentum contributions to the reduced valence of Co is accommodated almost completely
total density of states. Dashed vertical lines denote the Fermi ervia the depletion of down-spin electrons. The present KKR-
ergy Er . Note scale changes in different panels. CPA predictions for NisCo,s thus follow the simple Slater-

Pauling curvé® for the total magnetic moment of the alloy.

Ni;sCls. The changes in the electronic structure of Ni with  The computed Ni and Co moments quoted in the preced-
the addition of Co or Cu can be delineated with reference tang paragraph are in reasonable accord with the measured
these figures. values?* Briefly, a detailed analysis of the magnetic form

The majority(up) and minority(dowrn) DOS’s in Ni pos-  factors in Ref. 45 shows that the spin moments of NiCo
sess very similar shapéBig. 1), although the width of the alloys vary linearly with composition, and that the individual
minority spin band is somewhat larger. The addition of Co tomoments are N#0.526up, Co=1.66ug, assuming no
Ni induces little change in the up-spin DOS aside from aconduction electron () polarization. Reference 46 deduces
general smoothing of all features reflecting disorder smearNi moments of 0.617(16ug and —0.091(16) g for 3d
ing of states, Fig. 2. In contrast, the down-spin DOS’s in Niand 4 electrons, and postulates d 8o moment of 1. 74g .
and NisCoys differ sharply, and the down-spin Ni peak at Reference 47 obtains as4 moment in NjsCoy oOf
~0.7 Ry (Fig. 1) is substantially broadened in the alloy; this —0.074(23) ug . Combining these results, one obtains total
peak is more pronounced and lies at a higher energyspin only moments of 0.526(23)z and 1.63(2)ug for Ni
(=0.75Ry) in the Co-CDOS, compare Figs(ad and and Co atoms in NiCo alloys, comparable to our correspond-
3(b1). ing computed values of 0.64 and 1.63.%®%° The close

These results give insight into how magnetic momentsagreement between the measured and computed Co moment
form on Co and Ni atoms in the alloy. The up-spitband is  is probably fortuitous—the discrepancy for the Ni moment is
full in the Ni-as well as the Co-CDOS. But, for down-spins, perhaps more representative of the sort of uncertainties in-
the high-energy peak in the Co-CDOS is essentially emptyherent in first-principles comparisons of this sort.
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_FIG. 3. Site-dependent KKR-CPA densities of states in  pig. 4. Same as the caption to Fig. 3, except that this figure
NizsCops. Ni and Co components are given in left and right figures, refers to NjsCuys,

respectively. The total density associated with Ni or Co sites is

shown further broken up into angular-momentum Comloonentshas been adduced from various model studies starting with
Meaning of arrows and the vertical dashed lines is same as in th 9

capti - the early work of Friedel, followed by Kanamori and
ption to Fig. 1. 50 23 . . . .
others?<>° In particular, the repulsive Coulomb interaction

on the Co sites is seen to produce a virtual bound statelike

The situation with NiCu aIons is quite different. In con- structure above the Fermi energy in the minority Spin DOS
trast to NjsCo,s, the up- and down-spin DOS’s in NCu,s  in Fig. 3, while the majority-spin DOS of Ni is hardly af-
possess similar shapes, Fig. 2; this is, in fact, true of both thfected by adding Co.
Ni-as well as the Cu-CDOS’s, Fig. 4. Cu impurities in Ni are
nonmagnetic, and yield a fairly broatiresonance centered
around 0.4 Ry[Fig. 4b4)]. (Interestingly, Ni impurities in
Cu yield a a more localized virtual bound stat€he average As expected, the overall shapes of the Compton profiles in
moment in Nj_,Cu, collapses with increasing for two  Ni, Ni;sC0o,5, and Ni,sCu,5 are quite similar, see Fig. 5 for
reasons. First, the exchange splitting on Ni sites decreases ippical results. It is more interesting to analyze fine structure
the alloy[Fig. 4al)]; the calculated Ni moment in BjCu,s  in the spectra. For this purpose, we consider the anisotropies
is 0.41ug/atom compared to the value of 0.a2/atom in  of Figs. 6—8, obtained by taking differences of the Compton
Ni.>%> Second, there is a dilution effect due to the additionprofiles along the three high-symmetry directions. The con-
of nonmagnetic Cu atoms; as a result, the average moment tributions of the majority and minority spin states are shown
Ni;-sCus is 0.30ug/atom. Note that in NiCo alloys the Ni separately in order to delineate the role of magnetism in the
and Co moments are nearly concentration-independent, svolution of the Compton spectra of the alloys.
that changes in the average moment arise from the replace- The maximum total anisotropy in Ni is seen from Figs. 6
ment of Ni by the larger Co moments. and 5 to be about 2% of the peak height;o—J190 and

It is noteworthy that alloying Ni with either Co or Cu J;41—Jq10 @nisotropies are generally larger compared to the
mostly influencedl states, with thes or p states undergoing J;1,— J10g Case; this results from the fact that el 0] pro-
little change, see Figs. 3 and 4. In fact, upon integrating thdile possesses a more pronounced fine structure, while the
PDOS's of Figs. 3 and 4 up to the Fermi energy, we find thaf111] and[100] profiles are rather similar in shape. The ma-
the total number of or p electrons on Ni, Co, and Cu sites jority and minority contributions to the anisotropy are seen to
in Ni, Ni;sCo,5 and NisCuys is essentially the same. differ substantially in the low-momentum range pfless

The preceding theoretical results are in good overall acthan about 1 a.u. For example, the sharp dip around 0.6 a.u.
cord with the picture of magnetism of Ni-based alloys thatin the spin-down anisotropy in Fig(#® is essentially miss-

B. Spin-resolved theoretical Compton profiles
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the spin-up curve is positive and decreasing while the spin-
down curve is negative and increasing. There are notable
differences at higher momenta as well; in Figa)6 the ' > . - e
down-spin features around 1—2 a.u. and 2.4—3.2 a.u. posses@Mpton profiles along various pairs of high-symmetry directions
more fine structure compared to the up-spin anisotropies, arfgc S"oWn- The total anisotroggolid) is decomposed into the ma-
the down-spin dips around 3.4, 4.8, and 6 a.u. are virtuaII)J/Orlty (up, dashelj and minority(down, dottedl contributions.
missing in the up-spin case. In this vein, the structures in Fig.
6(c) are also seen to differ in their shapes, positions, anénd, in particular, the up-spin bands remain filled in
amplitudes for the majority and minority spins. In under- NizsCo,5 as well as NjsCus (Fig. 2). This is the reason that
standing these results, recall that the underlying up- anthe up-spin anisotropies in WC0,5 (Fig. 7) and NisCuyg
down-spin DOS’s in Ni are quite similaiFig. 1). But, the (Fig. 8 are virtually indistinguishable from the correspond-
up-spind bands are full, while the down-spih bands con- ing Ni results of Fig. 6. The down-spin states, on the other
tain holes, yielding a more complex down-spin Fermi surfacéhand, undergo substantial modifications, as already pointed
with many sheets. Therefore, we should expect the downeut in connection with Figs. 2—4 above. Therefore, in exam-
spin momentum density to be more structured, and the assining the effects of alloying on the Compton profile of Ni
ciated anisotropy to be generally larger than for the up-spindiere, we need not consider the up-spin contribution further,
The preceding discussion also makes it clear that a propeémd can focus our attention on just thewn-spincontribu-
description of the Compton profile of Ni requires the inclu- tion, or equivalently on the total profiles.
sion of ferromagnetic ordering in the computations. A reference to Figs. 6 and 7 shows that the down-spin
We have compared our computed directional anisotropiedensity better resembles the up-spin density ipsGlips
in the Ni CP’s with other available experimental and theo-compared to Ni; for example, the complicated down-spin
retical results in the literaturé212326-29.5¢y/e also consid-  structure between 1-2 a.u. in [Fig. 6(@)] is replaced by a
ered thg100] and[111] magnetic CP’s of Ref. 29 measured broad hump in NisCu,s [Fig. 7(a)]. Two effects are at work
at a relatively low-momentum resolution of 0.7 a[dull here. First, the disorder induced smearing of states in the
width at half maximum(FWHM)], and the corresponding alloy will smooth sharp structures related to Fermi surfaces,
theoretical profiles of Ref. 28. Overall, our theoretical and thus tend to decrease momentum density anisotropies.
anisotropies as well as the magnetic profiles of Ni are quitéSecond, since the addition of Cu to Ni causes a decrease in
consistent with the previously published work, and for thisthe average magnetic moment, we expect the differences be-
reason and the fact that Ni is not the focus of this article, weween the up- and down-spin densities to decrease generally
avoid getting into the details of these comparisons. upon alloying. Note however that the aforementioned effects
We turn now to discuss the effects of alloying on thedo not take place uniformly as a function of momentum, e.g.,
Compton profile of Ni. Recall that the Ni up-spin states arethe down-spin dips at 0.6 and 3.3 a.u. in Figg)€ontinue to
influenced relatively little by the addition of either Co or Cu be quite prominent in NiCuys,

FIG. 6. Theoretical anisotropic profiles in Ni. Differences in
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FIG. 7. Same as the caption to Fig. 6, except that this figure FIG. 8. Same as the caption to Fig. 6, except that this figure
refers to NjsCups. refers to NjsC0ys.

These considerations also allow us to understand the rd0(b)] are similar, but the theoretical amplitudes are higher;
sults for Ni.sCo,s (Fig. 8). The situation is somewhat more this discrepancy is not unexpected and has been pointed out
complicated compared to NCu,s because here the mag- frequently in the literature, and is due presumably to the
netic moment in the alloy is larger than in Ni. Therefore, theelectron correlation effects beyond the local-density approxi-
splitting between the up- and down-spin densities of Ni will mation missing in the present computatiGn$Notably, near
increase upon alloying with Co. The effect of disorder p,=0 in Ni;sCups, the computed110]-[100] anisotropy is
smearing, on the other hand, still tends to reduce anisotropiegmaller[Fig. Aa)], while the[111]-[110] anisotropy is larger
generally in the alloy. The net effect then is that some fealFig. Ab)] than the measurements. Although the reasons for
tures in the alloy become more prominent in the down-spirthese differences are unclear, they may reflect, for example,
density, while others are less so. For example, the differenceffects of clustering and short-range ordering in the alloy
between the up- and down-spin anisotropiespat0 is  beyond the random approximation implicit in the KKR-CPA
larger in NisCo,s5 than in Ni(compare corresponding panels framework employed in our calculations.
in Figs. 6 and & in contrast, this splitting in the dipsat2 and A comparison of the broadened and unbroadened theory
4.7 a.u. in Ni[Fig. 6@)] is smaller in NjsCo,s [Fig. 8@].  curves in Figs. 9 and 10 shows that the resolution of 0.4 a.u.
The reader can observe such effects at other momenta fromooths out much of the fine structure in the spectra dis-
Figs. 6 and 8. cussed in connection with Figs. 6—8 above. Further, little
difference can be seen between the theoretical anisotropies in
Ni;sCu5 and NisCo,g after broadening, aside from the re-
gion nearp,=0. A higher experimental resolution is neces-

The theoretical anisotropies are presented together withary in order to delineate differences in the electronic struc-
the experimental results in Figs. 9 and 10. A good overalture and bonding of the present alloys via the Compton
accord is seen in comparing the resolution broadened thedechnique.
retical spectrasolid) with the corresponding experimental  Careful intercomparisons of the anisotropies from well-
data. The agreement for th&11]-[100] anisotropy in both characterized samples of Ni, NCu,5, and NisCo,5 should
NizsCuys [Fig. 9c)] and NisCoys [Fig. 10c)] is striking,  prove interesting. Keeping in mind that changes in the
although there is a difference aroupd=0 in Fig. 1dc). Compton profile of Ni arise mainly from those in the minor-
The shapes of the undulations in fHel0]-[100] [Figs. 9a), ity spins, theoretically predicted spectral features that bear
10(a)] as well as thg111]-[110] anisotropies Figs. 9b), particular attention are(i) Changes neap,=0, e.g., the

C. Comparison with experiments
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FIG. 9. Comparison of theoretical and experimental anisotropies G- 10. Same as the caption to Fig. 9, except that this figure
in Ni-eCl,s Solid lines give theoretical results that include resolu- "6€rs 10 NisCoys.
tion broadening of 0.4 a.WFWHM); theoretical results before fold-

ing in the resolution are shown dashed. was achieved in all cases. The results are parameter-free in

that they are based on lattice constants determined by mini-
[110]-[100] anisotropy in Ni is predicted to increase on add-MZINg the total energy. On the experimental S|c_je, we have
ing Co, but to decrease on adding CEigs. &a), 7(a), p_resented thg100], [110], and[l_ll] Compton plr?gﬂles from
8@@]; (i) The[110-[100] down-spin feature between 1— Single crystals of NsCu,s and NisCoys Using a™*'Cs y-ray
1.8 a.u. in Ni possesses a prominent peak around 1.2 a.u. afgurce. _ o _
two smaller peaks at higher momeiEdg. 6a), dotted; this O_ur computations _show that the majority-spin spectrum
is replaced by essentially a single broader peak inQs of Ni underg_oes rg!atlvely small changgs_upon the add.mon
[Fig. 7(&] and by two peaks around 1.2 and 1.6 a.u. inof Cu or Co !mpurmes, and that thg mgjonty states continue
Ni;<Coys [Fig. 8@)]; (iii) The[110]-[100] down-spin feature to_ be essent!ally complgtely occupied |n7wu25 as Welllas_
between 2.4 and 3.2 a.u. in Ni consists of a peak around 2.Bi7sC0z5 as is the case in Ni. Concommitantly, the majority-
a.u. and roughly a knee at higher momentum; inSli,s, spin cont.rlbutlon to the Compton profiles in Ni, NCu,s anq
the amplitude of the knee decreases, but insBi,s, the  NizsCOzxsis also nga.rly the same. The speptral changes in the
knee turns into a prominent peak. Notably, our computationg/l0ys are thus limited mainly to the minority-spin states.
suggest that in the special cases of the present alloys, b€ Co atoms in Ni possess a moment of Ju&3while Ni
substracting the alloy profiles from the corresponding Niatoms continue to possess a moment of («g4in NiCo
profiles (after proper background corrections and normaliza-2/l0ys, so that the average moment per unit cell increases
tion), one should obtain a measure of the changes in only th&0m 0.60ug in Ni to 0.86ug in NizsCo,s as Ni atoms are

down-spinprofiles. replaced by Co atoms of higher moments. On the other hand,
Cu impurities that remain nonmagnetic in Ni, cause a reduc-
V. SUMMARY AND CONCLUSIONS tion in the Ni moment as well, and the net moment in

Ni;sCu,5 decreases to 0.3@g per unit cell with 0.41ug on
We have presented ferromagnetic electronic structuresli.

and spin-resolved Compton profiles along the three high- In comparing theoretical and experimental profiles, we
symmetry directions in NECu,s and NisCo,5 disordered al-  focus on anisotropies defined by taking differences in the
loys employing the framework of the KKR-CPA theory, and Compton profiles along various directions. The absolute val-
treating correlation effects within the LSD scheme. Corre-ues of the experimental profiles in the present measurements
sponding computations on ferromagnetic Ni were also carare difficult to interpret due to the presence of a background
ried out. A high level of charge- and spin-self-consistencycontribution of uncertain origin; further work in understand-
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ing this background is necessary before direct comparisonsxperiment in a clearer light. Our computations show that
between the measured and calculated absolute profiles can bieganges in the directional anisotropies of Ni when alloyed
undertaken. The overall agreement between theory and exith Cu or Co are representative of changmdy in the
periment with respect to thd;;;—Ji00, J111—J110, @nd  minority-spin contribution to the total profiles. This curious
J110— J1g0 @nisotropies in NkCu,s as well as NjsCoys i circumstance comes about because, as already noted, the
reasonab'le. The amplitudes of the undulations in the meanajority_spin contributions are near|y the same in Ni,
sured anisotropies are smaller than the computations, dugj,.Cu,s and Ni;sCoys.

presumably to the effects of correlations beyond the LSD
missing in our theoretical framework; there also are some
discrepancies aroung,=0 whose origin is unclear.

We show clearly that a broadening of 0.4 aBWHM)
leads to washing out of much of the fine structure in the This work is supported by the U.S. Department of Energy
computed directional anisotropies. In this connection, weunder Contract No. W-31-109-ENG-38, including a subcon-
identify a number of specific signatures of the Cu and Caract to Northeastern University, a travel grant from NATO,
impurities on the directional anisotropies of ,ACu,; and  the Polish Council of Science and Research through Grant
Ni;sCo,5. The higher momentum resolution of the synchro-Nos. 2-P03B-061-08 and 2-0182-91-01, and the allocation of
tron light sources should allow a delineation of these intersupercomputer time at the NERSC and Pittsburgh Supercom-
esting effects, and cast the discrepancies between theory apdter Centers.
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